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(57) Abstract

A method of prepanng ()-calanolide A, (1), a potent HIV reverse transcriptase inhibitor, from chromene (4) is provided. Useful
intermediates for preparing (+)-calanolide A and its derivatives are also provided. According to the disclosed method, chromene (4)
mwmedmwwasmacwdmﬂxaeenldehydedxeﬂtylaemlorpamldehydemmepresemeofanacxdcamlystw:ﬂ:heaﬁng, or a two-step
reaction including an aldol reaction with acetaldehyde and cyclization either under acidic conditions or neutral Mitsunobu conditions, to
produce chromanone (7). Reduction of chromamone (7) with sodium borohydride, in the presence of cerium trichloride, produced ()-
calanolide A. A method for resolving (+)-calanolide A into its optically active forms by a chirat HPLC system or by enzymatic acylation and
hydrolysis is also disclosed. Finally, a method for treating or preventing viral infections using (+)-calanolide or (-)-calanolide is provided.




of ()-calanolide A and (-)-calanolide A for treating 15 wviral

I nfections. . BACKGROUND OF THE | NVENTI O\I . Human
i mrunodef | Bi0A6®Y263i rus  (HI V), which is akso-~" "~ REFAFE9S/09804
T-1 ynphotropic virus type |1l (HTLV-I11), :'w.g bh*-r:y fen pat hy- associ at ed
virus (LAV) or Al DS-associated 20 retravir use s first isolated

" in: 1982 and has been . identified as t ol ogi ¢ agent of the:
acquired i mmunodefici gncy syndrome (AIDS) and rel at ed-di seases.
Si nce then, chenotherapy of AIDS has been one of the nost chal | engi ng

scientific endeavor s. MEYROBIFOR\AHE RREPARNTICH OF (3)¢-CALANOLIDEOIASN
~approved by FDA and are bei ng cANDi INTERMEDIATES STHEREONI ugs for the
treatment. of AIDS and Al DS-rel ated conpl ex. Al though these

FDA- appr oved dr@ﬁm he life of AIDS patients and inprove
their quality o none of, these drugs are capable of ,curing the
di sease. 30 Bone- %W? oRi GNF MR RSP te 9% c £O-RENGAL Y &%‘%t'he
energence & dr Raterri Appliicatisn Mo.aiosy 2855655, hgilledgAugust 3t engpase of
these agents. [err] On the other hand, the nunber of AIDS patients

wor | dwi de has i ncreased dramati cal | y - within the past decade and
esti mates of th&EEELDOR THE JINVENTION ’

This invention relates to a method for the
preparation of ( i-)-calanblide A, a potent inhibitor of HIV
reverse transcriptase, and intermediates thereof. In

10 particular, this invention relates to a method for large
scale production of (*)-calanolide A, chiral resolution of
(+)~calanolide A into its optically active forms, and use
of (t)-calanolide A and  (-)-calanclide A for treating
viral infections. '

15 CRGRO ' NTION
| - Human - immunodeficiency v1rus (HIV), which is also
called human T-lymphotropic virus type III (HTLV-III),
_1ymphadenopathy-assocxated virus (LAV) or AIDS~associated
~ retrovirus (ARV), was first isolated in 1982 and has been
20 identified as the etiologic agent of the acquired
“ immunodeficiency syndrome (AIDS) and related diseases.
Since then, chemotherapy of AIDS has been one of the most
challenging scientific endeavors. So far, AZT, ddc, ddI,
_ ‘and D4T have been approved by FDA and are being clinically
25 used as drugs for the treatment of AIDS and AIDS-related
complex. Although these FDA-approved drugs can extend the
_life of AIDS patients and improve their quality of life,
none of thesg_drugs are capable of curing the disease.
Bone-marrow toxicity and other side effects as well as the
30 emergence of drug-resistant viral strains limit the long-
term use of these agents.! On the other hand, the number
of AIDS patients worldwide has incréased dramatically
within the past decade and estimates of the reported cases
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- 2- in the very near future also continue to rise
dramatically. It is therefore apparent that there is a great need
for ot herwersgmsssno. d'r havi ng i nproved sel ect i VIPCY/USOSMI804aCt | Vi ty
to conbat AIDSerr]” Several 5 approaches including chem cal

synt hesi s, r_),at’ur@I pr od s " screeni ng, and bi ot echnol ogy have been
utilized o tify compounds targ_e?tlng different stages of HV -
replicati erapeut i,c intervention Very recently, the

screeni ng am aéhé hev&?#' oBabr10 £yt sl%ast bk 3nlas Ouécoygésd a.
class of re % ectlve ant1-H V na uraf: duct s, ha
cal anol i des, dramatically._ It is therefore apparent that there is a

' great need for other promising drugs having J.mproved

selectivity and activity to combat AIDS.! Several

5 approaches including chemical -synthesis, natural products

screening, and biotechnology have been utilized to

identify compounds targeting different stages of HIV
replication for therapeutic intervention.? -

' Very recently, the screening program at the National

10 Cancer Institute has ‘discovered a class of remarkably

- effective anti-HIV natural products, named calanolides, (
from the rain forest tree Caiophj/l_lum lanigerum, with
-calanolide A, 1, being the most "pot'e'nt compound in the
reported series.?® For exainple‘, calanolide A demonstrated

15 100% protection against the cytopathic effects of HIV-1,
one of two distinct types of HIV, down to a concentration
of 0.1 uM. This agent also halted HIV-1 replication in
human T-lymphoblastic cells (CEM-8S) (ECs=0.1 uM/ICs=20
pM) .} More interestingly and impor-ta'ntly, calanolide A was

20  found to be active against both the AZT-resistant G-9106

' strain of HIV as well as the pyri'dinoh‘e'-;resistant Al7
virus.?* Thus, the calano‘lides', known as HIV-1 specific
reverse transcriptase inhibitors, represent novel ant:L-HIV
chemotherapeutic agents for drug development.

25 The only known natural source of calanolide A, 1, was
destroyed and other members of the same species ‘did not
contain the desired material.* COnsequentliy, a practical
synthesis of the natural product must be developed for

_ further study and development to be carried out on this

30  active and promising series of compounds. Herein, we
describe a method for the synthesis e'nd-'resolution of (%)-
calanolide A and some related compounds
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fromthe rain forest tree Cal ophyllum | anigerum wth cal anol i de A, .
1, being the nost potent conpound in the reported serleﬁ§%err£ For
exanpl e, &0 eaké3de A denpnstrated 15 100% pr ot ecti on aEfé'f

cytopathic effects of H V-1, one of two distinct types of HV, down
to a concentration of ‘0.1 [err]M This agent also halted H V-1
replication in’ human T-1ynphobl asti€3<€ells (CEMSS) (EC50=0.1

[err] M| C50=20 [err]M .[err] Mre interestingly and inportantly,
cal anol i de A was 20 found'to-be_-c i ve agai nst both the AZT-resi stant

G 9106 strain of H'V as well 2% the pyridinone-resistant Al7
virus.[err] Thus, the cal anol i des @’o as H V-1 specific reverse
povelwpti - H V ‘chenot her apeuti c .

transcriptase i nhibitors, represen
agents for drug devel opnent. 25 only known natural source of
W nenbers of the sane species

calanolide A 1, was dest r oye® :

did not contaln t he desired Jerr] Cbnsequently a practica
synt hesi s of the natural product®my . developed for further study
and devel opnent to be carried out od this 30 active and prom sing series
of conpounds. Herein, we - descrijbe a nethod for the synthesis and

resolution of ([err])- cat anolide A and sone rel ated conpounds.

_Accordingly, one object of the present invention is
to provide a simple and practical method for preparing
(:)Qcalanolide A, _1; from readily available starting

5 materials and resolving the same into its optically active
forms via a ch1ra1 HPLC system or enzymatic acylation and
hydrolysis. ' _ '

- Another object of the 1nvention is to provide useful

B 'intermediates for preparing derivatives of (t)-calanoclide

10 A ) | |

- A further object of the invention is to provide a

simple and practical method for large scale preparation of
() -calanolide A in high yields from key ‘intermediate
chromene 4.

5 ~ An addltlonal object cf the invention is to provide
a method for treating or preventzng viral infections using
() -calanolide A and (-)-calanolide A.

_These and other objects of the invention will become

apparent in view of the detailed description below.

20 SUMMARY OF THE INVENTION
| The present invention relates to the syntheses of
()-calanolide A and intermediates thereof, chiral
resolution of (+)-calanolide and method of treating or
preventing VL:al_infectxons using ()= and (-)=-calanolide
25 A.
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The method of the present invention for preparing

- (t)-calanolide A, 1, 'empl_'oys_ chromene 4 as the key

intermediate. Chromene 4 is synthesized by the sequence
depicted in Scheme I. 'I'hi:.s, - 5,7-dihydroxy=-4-
propylcoumarin, 2,° was prepared quantitatively from ethyl
butyrylacetate and _phlqroglucinol under Pechmann
conditions.® Product yield and purity were dependent on

‘the amount of sulfuric acid used. The 8-position of 5,7-

dihydroxy~-4-propylcoumarin, 2, was. then selectively
acylated at 8-10°C by propionyl chloride and AlCl; in a
mixture of carbon disulfide and nitrobenzene to afford
5,7-dihydroxy-8-propionyl-4-propylcoumarin, 3.

_ In a alternative and prefez"re‘d ‘reaction, coumarin
intermediate 3 can be prbduc'ed in ia__’rgé scale quantities
and with minimal formation of undesirable 6-position
acylated product and 6,8-bis-acylated product by selective
acylation of 5,_7-dihydr’o'xy'-4-prdPchoumarin 2 with a
mixture of propionic anhydr'ide and AlCl, at about 70-75°C.

The chromene ring was introduc_ed upon trea'tment_ of
compound 3  with 4,4~-dimethoxy-2-methylbutan-2-ol,*

providing 4 in 78% yield (Scheme I).

As presented in Scheme 1II, 'Robinson-Kostanecki
reaction’ on 4 by using sodium acetate in refluxing acetic
anhydride produced enone S in a 65% yield. This
intermediate failed to afford calanolide A upon reduction
with borohydride reagents such as NaBH,/CeCl;, NaBH,/CuCl,,
L-selectride, 9-BBN, and DIP-chloride, and some transition
metal reducing agents such as SmI, and [ (Ph,P)CuH],,
presumably because attack at the pyrone and ring opening
occurred preferentially. Treatment .of 5 with Baker’s
yeast also resulted in coumarin ring cleavage while tri-n-
butyltin hydride!® led to reduction of 5 to enol 6 in
modest yield. However, treatment of 4 with acetaldéhyde
diethyl acetal in the‘_presencé of trifluoroacetic acid and
pyridine with heating at 160°C produced chromanone 7 which
can then be reduced into the final product.



Accordi ngly, one- object of the presentHinvention is to provide a
sinpl e and practical nethod for preparing _ AnaLaneﬁlde A 1, from
readily avaﬁgféﬁ'f"g‘%t arting 5 material s gﬁ P@g@hnsmgsm e PCTOS95/098@4 | t S
optically active . . forns via a chiral |HPLCggpisicem or dnzynati c

acyl ation and hydr ol ysi s. iﬁuuim#—+&ﬁffﬂ—tf the invention
I s to -provide useful i nt er nedi at es f~&- preparing derivatives of
()-cal anolide 10 A 4. Afurther object: Gkt Tnvention is to
provi de a . S|nple and priac hcal met hod fer Iarge scal e preparation of
()-calanolide A in high yields firomkey interliedigfég cheanmep€ 4. 15°
An additional object of the inrBgtion is e¥sprovid : g

treating or preventing viral tions using () -cal g

(-)-calanolide A . S T éd ot her objects of th

becone . apparent in view-of the detailed descrlptloﬁ'

SUMVARY COF THE | NVENTI ON The present invention relates to the

synt heses of ([err])-calanolide A and |nterned|ates thereof,

chiral : CyHgcoct | 41 ea. Aici,
.  PhNO,.CS,

8-10°C

4

CHyCHIOR1) Nanw,

CF 3COgN

Pyeteine CeBl4(He0),




resolution of ([err])-calanolide and nethod of treating or preventing

viral infections using ([err])- and (-)-calanolide 25 A WO

96/ 04263y0 9604263 ‘  PCT/ US95/ DOHG5/09804

-4- The net hod of - the present invention for preparing

()-cal anolide A 1, enploys chromene 4 as the key I nt er medi at e.
Chronene 4 is synt heS| zed by the sequeg<ce depi ct ed I n Schene [~

Thus, .5, 7-di hydroxy-4- 5- propyl coumarin, 2,[err] was prepared .
quantitativel y Leygecshale produc'qignyd:ﬁo@lmmnomd o chrgnenenol

under — Peghmayy, be | %QQQEEE&”S d:ﬁ Pﬁ&’duﬁiﬂgf&f#i g-e'&%' ibhs\er €

dependent on anount of uric . acid use ositiron of 5,7-
di hydr oxy- £9pRd%$PRSunetR f °"E'St«ﬁ§sreﬁﬁ$ﬁ°“se‘l=§€?‘ﬁ%?y‘ is treate
with paraldehyde, instead of acetaldehyde diethylacetal,

5 and cyclizéd in the presence of an acid catalyst to afford
chromanone 7 in 27% yield along with 8% of the
corresponding 10,11-cis~-dimethyl derivative 7a. In a two-
step reaction under aldol condensation conditions,
chromene 4 was reacted with acetaldehyde to form an open-

10 chain aldol product 7b. Aldol product 7b was then
cyclized under acidic éonditi_on_s such as 50% H,sé‘ and TsOH (
to form both chromanone 7 and = 10,1ll~-cis-dimethyl
derivative 7a in a 1:1 ratio with the former leading to

_ 16% purified yield. However, under neutral Mitsunobu!l

15 conditions,' 7b was reproducibly cyciized to give
chromanone 7 as the predominant product and in 48% yield.

75

Ta



10 acylated at 8-10[err]C by propionyl chloride and AiC[err] in a
m xture of carbon disul fide and nitrobenzene to afford
5, 7- di hydr2684263 opi onyl - 4- pr opyl coumarin, Brus SHEET HAS BE RS2V M4hat i ve
and preferred reaction, counmarin i nter hedi ageL.8CBMN bej produced in

| arge scal e quantities 15° and wi th m ni mbforret+oerr—of—tnhdesi rabl e
6-position acyl at ed product and 6, 8-¥is-acyl ated product by sel ective
acylation of 5,7-di hydroxy-4-propylcoumarin 2 with a . mxture of .
propi-oni ¢ anhydri de TAsaAlg,[ ef¥)|-calanslitde/0A758s successfullyieformedene

ring was introdyged HHQ”dEéf?&MeP&o&%mzc&Pmem&t b‘&‘ tstlhjec:t:r.ng
4, 4-di nmet hoxy 2- et hyl but an- el

Comnemat 1y Y “liEomhnane 3, Sounibhe redurtiah I cRBRLYBhoKiseR, SoRERe
reaction| err] oaI4 .by us;r-rcg;]snblrﬂdea@etﬁe tnemei-ésulmgdadntoc optically

anhydri de rodg%%g %or}ca anolﬁ:@é’p&ré@ﬂg HPLCTBh§r§§ separating |

I nt ermedi at’e fai on reducti th
bor ohydri de reaga?ﬁf@méuch as NaBH[ err]/Ced [err] NaBH[err] / Cud [er_r] ,
L-sel ectride, 9-BBN, and DI P-chl oride, and some transi tion nmet al
reduci ng agents such as . '%-1 ad (Ph[err] P) QuH [err],

presunmabl y becabrsSsRrtsae . zd ring openi ng 30 occurred
preferentially. Tr Q‘ai;mr&ts Qf(a5 Wbt I1(Bakﬁalastratesydasvm:lz'&om&'sals'sagi in

fgggﬁ[:gnrng5c%§%§ﬁ%% “@5 Seééflﬂbd in Exé%ﬂi@ &Bn Q¥9ﬁécﬁgfﬁé]nfve@1EQ1
10 strain which is AZT-resistant.

Figures 2(a) to 2(e) ‘illustrates in vitro MMT assay
results, as described in Example 15, using H112-2 HIV
viral strain which was not pre-treated with AZ2T.

Figures 3(a) to 3(e) illustrates in vitro MMT assay

15 . results, as described in Example 15, using A-17 HIV viral
strain which is resistant to to non-nucleoside inhibitors
such as TIBO and pyridinone but is sensitive to AZT.

Figures 4(a) to 4(e) illustrates in vitro MMT assay
.results, as described in Example 15, using IIIB cultivated

20  HIV viral strain.

Figures 5(a) to 5(e) illustrates in vitro MMT assay
results, as described in Example 15, using RF cultivated
HIV viral strain. . :

Figure 6 is an HPLC chromatogram of (d) (+) =

25 calanolide A on normal phase column; (b) (+)-calanolide A
on a chiral HPLC column; (c) (+)-cglanolide_A on a chiral
HPLC column and (d) (-)=-calanolide A on on a chiral HPLC
column. The HPLC conditions are described in Example 13.

RETAILED DESCRIPTION OF THE INVENTION _

30 - All patents, patent applications, and 1literature
references cited herein are lncorporated by reference in
their entirety. _ _

_ According to the method of the present invention,
chromene 4 is a key intermediate in the preparation of

This Sheet Has Been Rei
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nodest yield. However, treatnent of 4 with.acetal dehyde di et hyl
acetal in the presence of trifluoroacetic acid and 35 pyridine with

heat i ng atwa®8@2p3 oduced chr omanone 7 which

the final product. SCHEME 1 [err]

PCT/-US95/ 09804

10

15

" V\D 96/ 04263
-8
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(+)-calanolide A, 1. A preferred method for synthesizing
chromene 4 from 5,7_-dihydroxy-4-propyiccumarin, 2, is
shown in Scheme I. According to this synthetic scheme,
5,7 -dihyd:oxy-4 -propylcoumarin, 2,5 was prepared

| quantitatively - from ethyl '_ ' butYrylaéetate and

phloroglucinocl under Pechmann conditions.®

In conducting this reaction, a wvolume of a
concentrated acid is added in a dropwise manner to a
stirring mixture of ethyl butyrylacetate and

phlorbglucino_l with a mole ratio ranging between about 3:1

and about 1:3, with a preferable range being about
0.9:1.0. The dropwise addition of an acid was conducted
at a rate such that the temperature of the reaction
mixture is maintained at a temperature .z_'anging between
about 0°C and about 120°C, preferably about 90°C.
Suitable, but not limiting, e’xaﬁpies of concentrated

-acid include sulfu-r_ic acid, trifluorocacetic acid, and
. methanesulfonic acid. In 'practic'ing' this invention,

20

25

30

35

concentrated sulfuric acid is particularly preferred. As
the product yield and purity appeai' to be dependent on the
amount of concentrated sulfuric acid used, it is preferred
that the amount of concentrated sulfuric acid range
between about 0.5 and 10 mole, most preferably ranging
between about 2 and about 3.5 mole, per mole of ethyl
putyrylacetate. -

' The reaction mixture is then heated to a temperature
ranging between about 40°C and about -1506c,- preferably
about 90°C, until the reaction reaches completion as

. determined by TLC analysis. The reaction mixture is then

poured onto ice and the precipitated product is collected
by filtration and dissolved in an organic solvent.
Suitable, but non-limiting, examples of organic solvents
include ethyl acetate, chloroform, and tetrahydrofuran.
A preferred solvent is ethyl acetate. The resulting
solution is then washed with brine and dried over a

can t henPGHUSSHMI4d i nt o



Large scal e production of chromanone 7 from chronene can

effected under two different reactions condi tions, step
reaction, MOWMEMS 4 is treat ed wi th paral dehyde, in gléfgssvg/p&@f
acetaldehyde di et hyl acetal, 5 and cyclized in the presence of an acid
catalyst to afford chromanone 7 i.n 27%yield along with 8% of the
cofrespondi ng 10, 11-ci s-di met hyl derivatives~a. Ina.two- step

reacti on under aldol condensation conditions, = chromene 4 was reacted

with acet al dehysaitabiler drgingpegent) e.ghai sodtxdml splfdtet 7Fhe yAedds
product 7b vas bl#elnis reattlibhcHriNgBhesfi ¢y CafitheithpIGesUCh a5 SO0%

Herr]SJerr] an onanone
10, 11-ci s-di met hyl ~ Thexngafherve 7a5|'r7‘adi-rHY@thiwasthH@#@F‘Ne]r“"

| eading to proyi¢ouhmaednyi 8l dwangmpa&-edu rseue&h:ri%w hwrlalwh@r r]
i e TR SENCIR RN e
propionyl chloride  in the presence of a Lewis acid
catalyst. In conducting this reaction, a solution of
propionyl chloride in a suitable solvent, e.g., carbon
disulfide, was added in a dropwise manner to a vigorously
10 stirred solution of 5,7-dihydroxy-4-propylcoumarin, 2, a
Lewis acid and an organic solvent cooled in an ice bath.
‘Dropwise addition: of propionyl chloride is conducted such
that the temperature of the reaction mixture is maintained
at a temperature ranging between 0°C and about 30°C,
15 preferably between about 8°C and 10°C. |
In practicing the invention, the amount of propionyl
. chlqride used generally ranges between about 0.5 moles and
about 6 moles, preferably ranging between about 1 mole and
about 2 moles, per mole of 5,7-dihydroxy-4-propylcoumarin,
20 2. :
Non-limiting examples of Lewis acid catalysts useful
in the acylation reaction include AlCl,, BF,, SnCl,, 2ZnCl,,
POCl, and TiCl,. A preferred Lewis acid catalyst is AlCl,.
The amount of Lewis acid catalyst relative to 5,7-
25 ~dihydroxy-4-propylcoumarin, ‘2, ranges between about 0.5
and about 12 moles, preferably ranging between about 2 and
about 5 moles, per mole of 5 7-d1hydroxy-4-propylcoumar:.n,
2. '
Non-limiting examples of organic solvent for use in
30 preparing the 5,7-dihydrbxy-4—propylcoumarin, 2, solution
" include nitrobenzene, nitromethane, chlorobenzene, or
toluene and mixtures thereof. A preferred organic solvent
for use in this invention is nitrobenzene. _
Upon completion of. the addition of propionyl
35 chloride, the vigorously stirred reaction mixture is
maintained at a temperature ranging between about 0°C and



[err] -7- Finally
([err])-cal anolide A was successfully forned with the desired

st er eochamD 06104263 r angenment by subj ecting - chr omanonePGT/PYS0R o
reduction [err] conditions (see Schene ). () - Cal anolide A was then
resolved into optically 5 active fornms using a preparative HPLC chi raI
separati ng systenferr], : DESGR.PTI ON OF THE DRAW NGS

Figures 1(a) to (e) |IIustrates invitro MW assay

. about 120°C, preferably ranging between about 25°C and
80°C, until the reaction reaches completion as monitored
by conventional means such as TLC analysis. The reaction
mixture is then poured onto ice and. extracted several
5  times with a suitable solvent such as ethyl acetate,
chloroform, methylene chloride, tetrahydrofuran, or a
mixture of chl_orbform/met-hanoi.' A preferred -so]_._vent for
this extraction is ethyl ‘acetate. The extracts are then
dried over a suitable drying agent, e.g., sodium sulfate,

10 and the product may be purified by conventional means such
as silica gel column chromatography. - - | (

on a small scale, the yield of 5,7-dihydroxy-8-
propiony1—4-propylcoumari-n '3 : produced 'by the above
described reaction is generally quantitative. However, on

15 a larger sca'l'e, the reaction was very difficult to control
and did not exclusively afford the desired product. A
route developed for the synthesis of Mammea coumarin was
initially attempted for the preparation of compound 3, but
it proved too awkward and 1ow-yie1ding.

20 Since the desired B-posltlon acylated product 3 was
always accompanied by the _formation of undesired 6-
position acylated product and 6,8-bis-acylated product, it
was necessary to optimize the. reaction . conditions to

. minimize the formation of the undesired products and

25 develdp a more effective purification process to increase
the purity and scale-up the quantities of the desired 5,7~
dihydroxy-8-propionyl-4-propylcoumarin 3. An alternative
and preferred route for preparing 5,7-dihydroxy-8-
propionyl-4-propylcoumarin 3 in large scale quantities is

30 then developed. - _ _

Preparation of 8-acylated coumarin 3 on a 5 gram
scale as a single product (45% yield) has been achieved by
adding a nixture of propionic anhydride, a Lewis acid,

- @.g., Alcl,, - and suitable solvent, e.g., 1,2~

35 dichloroethane, into a vigorously stirring pre-heated

mixture  of coumaz_'.in, a Lewis acid, | e.g., AlCl,;, and



results, as described in Exanple 15, using (@106 H 'V viral 10 strain

which is AZT-resi stant. _ ' Figures 2 (a) to (e) illustrates in
vitro MMT weosss#4263  results, as described in Exanple 15, REIUMSAWBID-2 H v
vital strain which was not pre-treated with AZT. - Figures 3(a) to
(e) illustrates in vitro MMI assay 15 results, as described in Exanple
"15, using A-17 HV viral . strain whi clyjs resistant to to

non- nucl eosi de inhibitors . such as TIBO and pyridi none but is

sensitive to AZEu:Ltabled sovagaw es d{q),toa @-dl'dhu%ﬁr'bél | ft%&nb') Viago MMT
assay res escri v

HV viral strai ;{:emperasture r?f‘agf‘ E%@etrb ?g?ugl I st?g?e C‘fcﬁni/ ??gqi\lMT
assay r es pneferablies cangdngi nbEt.uephe diutsiZfg Rﬁdcuabmmt etBec.

HV viral strai 'bro wise additidH/ & t‘i{é)pxtébi&h@rﬁaﬂﬁﬁd“é” g Of
(Fig. 25 6(a2€ ‘%F cal anolide A on norm hase -col'um; 19 % g o
(+) - cal anol§ de AVRdeted (aF @ rate shach (ﬁ‘g )tflqgeratu e g3l i de

A on a chiral Hidacmionm miwkyre 9. iS( dppiftained withianolthée Alesired a
chi raI HPLC col Zﬁ%‘ﬁgﬁﬁ%ﬁ?& conditions are described in Exarrpl e
13. ‘OF THE | NVENTI ON
: : The amount of propionic anhydride used . in the
reaction generally ranges between about 0.5 moles and
10 about 10 moles, preferably ranging between about 1 mole
and about 2 moles, per mole of 5,7-dihydroxy-4-'
" propylcoumarin 2.
Non-limlting examples of Lewis acid catalysts useful

_ in the acylation reaction include AlCl;, BF;, POCl,;, SnCl,,

15  2nCl, and TiCl,. A preferred Lewis acid catalyst is AlCl,.
The amount of Lewis acid catalyst relative to 5,7-
dihydroxy-4-propylcoumarin, 2, rangés between about 0.5
and about 12 moles, preferably ranging between about 2 and
about 4 moles, per mole of S 7-dihydroxy-4-propylcoumar:.n,

20 . 2. _

' Suitable but nonlimiting examples of' solvents for use
in the invention include diglyme, nitromethane, 1,1,2, 2~
tetrachloroethane , -and 1,2~-dichloroethane (preferred).

Upon completion of the addition of propionyl

25 anhydride, the vigorously stirred reaction mixture is
maintained at a temperature ranging between about 40°C and
about 160°C, preferably" 'r'anging ‘between about 70°C and
75°C, until the reaction reaches completlon as monitored

'~ -by conventional means such as TLC analysis. The workup

30 procedure is the same as described above.

The product was purified without the use of column
chromatography "to afford the desired product 3. This
“procedure has been scaled-up to 1.7 kg of coumarin (for
details see experimental section) and the yield for 8-

35 acylated coumarin 3 was 29% after recrystallization. The
yield for 8-acylated coumarin 3 may be further improved by



Al'l patents, patent applications, and literature references cited

herein are incorporated by reference in their antirety. '
Accor di ngWa6ies3met hod of the present invention, 35  chiRSHHRES8NL 3 key
intermediate in the pr epar at i oh of WO 96/ 04263 ' )
PCT/ US95/ 09804 : - 8- ([err])-cal anolide A 1. A
preferred nethod for synthesizing d’gfzoxrene 4 from

5, 7- di hydr oxy- 4- propyl counprin, 2, is shown .in Schene |. Accordi ng

to this synthetéhmampirgyrethe purifh&htﬂ&qdpnuqeés$m@py|Gouﬁamample,ZﬂhHr]

was pr epar ed,. y c

and phi Orgccﬁ' Rle dhédld J:far%g 5 nﬁﬁﬁrgéﬁglﬁ%%éh#m =Sl Yetler

conducting t hithan edém_t@n,e. 8T | gimplef washing w1th -an appropr:.ate
solvent'may lead:FQ product pure enough for the next

5 reaction step. : o
Thg;e_a_fte_r, chromene 4 was prepared by introducing
the chromene ring into 5,7-dihydr_oxy-s-propionyl-4-
propyl_coum_atin., 3, using 4, 4-dimethoxy-2-methylbutan-2-ol.
According to the method of the present invention, a
i0 solutionof 5, 7-dihydroxy-8 _-.-_propiony_lé&-propylcoumarin : 3,
‘and 4,4-dim¢thoxy-—2-mgthylbutan-zéol in a suitable organic |
solvent in the presence of a base was reacted at a
temperature ranging between about 4_09_c and about 180°C,
preferably ranging ‘between about 100°C and about 120°C,
15 until the reaction re.a_ched completion as determined by
conventional means such ‘as TLC _'analysis.' Water and
methanol formed during the reaction were removed
' azeotropically via a Dean-Stark trap. - T
_ In practicing this invention, the amount of 4,4-
20 dimethoxy-z—methylbutan-z-ol employed in the reaction
generally ranges between about 0.5 and about 8 moles,
p:eferably 'r_anging_ between about 2 and about 4 moles, per
mole of 5,7-Qihydroxy-8-propionyl-_-A_-propylcoumarin 3.
Suitable, but not limiting examples of organic
25 solvents J.nclude pyridine, 'tri'ethy'lamine, N,N=-
dimethylformamide (DMF) , toluene, tetrahydrofuran (THF) or
1,2-dichloroethane. Suitable, but non-limiting examples
~of the bases inc_:lude_ pyridine, 4-dimethylaminopyridine,
triethylamine, N,N-diethylé\nailipg, -i,s-diazabicyé.lo-
30 [4,3,0]-non-S-ene (DBN), 1,8-diazabicyclo-(5,4,0]undec-7-
ene (DBU), sodium car)_:_:o_na_te and sodium bicarbonate.
Pyridine was used as both base a_and - solvent in this
invéntion' on a _small scale; for scale-up, however,
pyridine was used as a base and toluene was used as a
35 solvent. '



concentrated acid is added in a dropwt se manner to a stirring

m xture of - ethyl butyryl acet ate and . 10 phl oroglucinol with a nole
rati o rangWP#Meedeen about 3:1 °  and about 1:3, with a FFrEP¥SAMOL | ange
bei ng about - 0.9:1.0. The dropwise addition of an acid was conducted
at a rate such that the terrperature of the reaction m xture is

~mai ntained at a tenperature rangi ng betweem3ils about O[err]C and about
120[err]C, preferably about,90[err]C. Sui table, but not limting,
exarrpl es of concentralpnh compaeltdonncdaﬂdeth:eulfeactlm;dtlterl Sbligenticets c

acid, and t t
_colncent rat ed sulrféurl Cc acl dé)&'s p%ﬂ%%l %%ﬁf%’ﬁ eq%lé };%%ﬂ/&pr% procﬁjct
“yield and purityl®pbasoledelncapeittabl sokvent, exunteBIykareFae ed

sul furic acid uspte sblhutidmeisr tRédn washe@alsegientilnly &fitdoRERiEY admdl
Canging. 3 berveEne AL EES 4R VAR R S Y SR RgeBRs ebbhy e it
but yryl acet at e sulfate. Thereaftsri,othe crude cbromenehoapedduotacan be
prore oy AR S S S e
det ermi ned by TLENERRA Nihe USRS | BR%Ni SHFe ASetAtR/Bexango r8d Wik o
ice and the. precemﬁﬁ:e@&xm.t Tise Opid a8 &8f chromene 4 generally fall

10 with the range of about 60% and about 85%; usually
resulting in about 78% yield. ' .

‘Thereafter, chromanone 7 may be produced by reacting
a solution of chromene 4, acetaldehyde diethylacetal, and
an acid catalyst in organic solvent at a temperature

15 ranging between about 60°C and about 14'0°c, preferably

| about 140°C, until the reaction is completed. |

The amount of acetaldehyde diethylacetal used in the
.reaction generally ranges between about 0.5 and about 20
- moles, preferably_ ranging between about ‘3 and about 5

20 moles, per mole of chromene 4.

Suitable,  but non-limiting, examples of acid
catalysts include trifluoroacetic acid, methanesulfonic
acid, trifluoromethanesulfonic acid, p-tosylic acid,

. acetic acid, hydrofluoric acid and their pyridinium salts

25  and mixtures thereof. A preferred acid catalyst for the
use in this invention is trifluorocacetic acid. The amount
of acid catalyst used generally ranges between about 2 and
about 25 moles, preferably ranging between about 17 and
about 22 moles, per mole of chromene 4. _

30 ' Two alternative routes for preparing chromanone 7
from chromene 4 in large scale quantities were developed
and which involve either a one-step reaction process
(paraldehyde one-step reection) or a two-step reaction

_ - processes (LDA/sulfuric acid process or LDA/Mitsunobu

35 ' process).. '

(a) Paraldehyde one-step reaction:



by filtration and dissolved in an organic sol vent . Sui t abl e, but

non-limting, exanples of organic solvents i ncl ude ethyl acetate,

chl or of or wo swnd263et r ahydr of ur an. - A preferred sol vent RCI/US959804cet at e.

The resulting 35 solution is then vvashed with brine and dried over a )
- WD 96/ 04263 - PCT/ US95/ 09804

-9- sui tabl e dryi ng agent, e. g sqdium sul fate. The vyi el ds

of this reaction are generally quanti tative. , Thereafter,

5, 7-di hydr oxy- 8- promr@wa& of acet&l&@hdr&@uﬂaé'tﬂylace‘&ﬁi prpe&%rla@nwe
sel ectively ac

5, 7- di ydor xy- 4%@% b{]ﬁ%@oﬁﬁa?‘?‘ﬁ agetgﬁaﬁfxyge e%‘?bﬁ’o?ﬂﬁ cHiTb iM% PERSERSe

presence of a lefrioheacrdmore acadacgtalysts nsucindas CR§OiH CH,00H, and a
solution of o RARMY! pCebebbfeshiedngth! 2PEPrEP! v etiromerk - €24a8"
5 reacted with paraldehyde at elevated temperature in a
suitable solvent to afford chromanone 7 as the major
product . and - the  corresponding 10,11-cis-dimethyl
derivative 7a as a minor product. |
Ac‘cording to this reaction, paraldehyde was added to
10 a stirring solution of . chromene 4 and an acid catalyst,
e.g., PPTS, at room temperature iri ‘a suitable solvent.
The . resulting mixture was heated at the temperature
- ranging between .about 40 and about 140°C, preferably
ranging betweeh about. 60 and about 100°C, for a period of
15  time ranging between about 5 and ebout 36 hours,
preferably about 20 hours.  Thereafter, CF,COH, an
additional equivalent of PPTS and peraldehyde was added
and the reSuiting ‘mixture was maintained at a temperature
ranging between about 40 and al;out 140°C, preferably
20 ranging between about 60 ‘and about 100°C oire'rnight .or
until the reaction reached completion as determined by
convention means, e.g., TLC. |
.The amount of paraldehyde employed per mole of
chromene 4 genera'lly ranges between about 1 and about 40
25 moles, preferably ranging between about 20 and about 30
moles. _ -
Non-limiting acid catalysts include trifluoromethane
sulfonic acid, trifluoroacetic acid, methanesulfonic acid,
| p-tosylic acid and their pyridinium salts. In practicing
30 -this invention, 'éyridihium p-toluenesulfonate (PPTS) is
the preferred acid catalyst. The amount of acid catalyst
used in the reaction ranges between'- about 0.5 and about 10
moles, preferably between about 1 and about 2 moles.
Representative solvents for use in the reaction
35 include toluene, diglyme and 1,2-dichloroethane. In -



di sul fide, was added in a dropwi se manner to a vigorously 10 stirred

'sol ution of 5,7-di hydr oxy- 4- propyl coumarin, 2, a Lewi s acid and an
organi ¢ SOWRN6042630] ed in an i ce bat h. Dr opwi.se addi tBCIPS8%09804pi ony!l
chloride is conducted such that the terrperature of the reaction

m xture i s maintai ned “‘at a tenperature ranging between O[err]C and
about 30[err]C, 15 preferably between abpgit 8[err]C and 10[err] C

I n practicing the invention, the anount of propionyl chl ori de used
general | y rangespbattteingbothe(. Snvehesonnd 1, 2-dichIvtodcvanes,is the
preferably rangi 1 nole and . . about 2 noles, per nole
~of 5, 7-di hydr oxy= e%?%%\g c%%%érjll;% 20 2. Non- I|mt| ng

exanpl es of Lewi s aciépeat seppleticnf @€ the reacthenacfhg: ixaagtdan s
i nclude ALQ [er r:heu‘BPﬁEiiéd Sﬁﬁ:ﬁ er sdturaééd erlﬁlcarbonat?%&ﬁifloﬂ”dand

Ti d A f d Al t
of Low & achd bopkEyaseed HiPhos G-aaBIbe sd1Namty g s SO0 | BERRRF
2, ranges bet weeThebonuda. §roduct was ihem pli iftileds asprddscriied rabgveg

bet bout 2 f
567W§|eﬂygr ggy 4- propyﬁg%ﬁsageuhh§°ﬁgk’s§e Berfm Q:lﬂﬁ\bre?cti?n e%?(%?r]b}%s

of organic sol veFANg@rbeteeen apput 30 And iakputh&03, usually about 40%.
5, 7- di hydr oxy- 4- pr opy(BpUnBA] $ulfur 6| abidrewo-step HEaeisdis r obenzene,

ni tromet hagg chl OrObﬁrrx] enealgol condensation conditions, chromene 4 was
reacted with acetaldehyde to form an open-chain aldol
product 7b.. According to the present invention, a
solution of LDA in THF was added dropwise to a solution of
chromene 4 in THF at a temperature ranging between about -

15 78°C and about 0°C, preferably about =30°C and about -

. 78°C. The amount of LDA added per mole of chromene 4
ranged between about 1 and about 4 moles , preferably

. ranging between about 2 and about 3 per mole of chromene

_ 4. Dropwise addition LDA is conducted such that the

20 reaction temperature is maintained within the desired
.range. -

Acetaldehyde was then added dropwise to the react:.on
mixture in amounts ranging between about 1 and about 12

_ moles, preferably ranging between about 4 and about 6

25 moles per mole of chromene 4. Dropwise addition of
acetaldehyde is conducted such that the reaction
temperature is maintained within the aforementioned range.
The reaction was monitored by conventional means, e.g.,

. TLC analysié, until it reached completion.

30 One skilled in the art will appreciate that the aldol
reaction of chromene 4 with acetéldehyde to form 7b can be
carried out under conditions which 'employs bases other
than LDA. For example, metal hydroxides such_ as NaOH, KOH

_ and Ca(OH),, metal alkoxides such as MeONa, EtONa and t-

35 BuOK, and amines such as pyrrolidine, piperidine,

. diisopropylethylamine, 1,5-diazabicyclo[4,3,0)non-5-ene



tol uene and m xtures thereof. A preferred organic sol vent for use in

. this invention is nitrobenzene. Upon conpl etion .of the addition
of propi ONPI96B463  chloride, the vigorously stirred reacPCOESHH0®Mre s
mai nt ai ned at a terrperature rangi ng between about O[err]C and WO )
96/ 04263 PCT/ US95/ 09804
- 10- about 120[err]C, preferably ranj_ng bet ween about 25[err]C and -
80[err]C, until the reactipn reaches conpletion as nonitored by

conventi onal rr%asa)wcfs-aﬁaﬂaﬁ?ai@@mlss‘; bhanteacyi-efle (DBU)T ﬁbﬂ“ﬁa'l@l then
poured 0Tt | CGaRIEy bS8 “YePE'Sh B Lo TiRule nier e Hhoee S
t et rahydrof urahg employed fiaxxt dthe o&ldblorrdagtwions Hanol AlsA,praIéol ed
sol vent _f Of  reactions can be mediated by metal complexes of Al, B, Mg,
5 Sn, Ti, Zn and 2r comppunds such as TicCl,, (i-Pro),TicCl,
" (i-Pro),Ti, PhBCl,, (n4Bu)2Bc1,.'BF3, (n=Bu);SnCl, sSnCl,, ZncCl,,
MgBr,, Et,AlCl with or 'witho_ut' ‘chiral auxiliaries such as
1,1’-binaphthol, - noreph'edrinesul-fdngte_ ’ camphanediol,
diacetone glucose and dialkyl tartrate.'s!t
10 - Thereafter, the reaction mixture was quenched at -
30°C to -10°C with saturated aqueous ammonium chloride ‘
solution and extracted with a suitable solvent, e.gq.,
- ethyl acetate. The pooled extracts were washed with brine
and dried over a suitable drying ‘agent, e.g., sodium
15 sulfate. The yields of aldbl product 7b generally range
between about 40% and about 80%, usually about 70%.

It should be noted that there are two asymmetr:.c
centers in 7b. Therefore, 7b is racemic mixture of two
sets of enantiomers (four optically- ‘active forms) which

20 may be resolved by conventional resolution methods such as
chromatography or fractional crystallization of suitable
diastereoisomeric derivatives such-as salts or esters with
optically active acids (e.g., camphor-i0-sulfonic acid,
camphoric acid, methoxyacetic acid, or dibenzoyltartaric

. 25 acid) or enzymatically catalyzed acylation or hydrolysis
of the racemic esters:. Also, chiral transition metal-
mediated aldol reaction'™® of chromene 4 with acetaldehyde
may directly produce optically active one ~of the
enantiomers of 7b. The resultant or synthetic enantiomer

30 may then be transformed to enantioselective synthesis of
(+)-calanolide A and its congeners. '

The crude aldol product 7b was then cycllzed under
acidic conditions to form a mixture of both chromanone 7
and 10,11-cis-dimethyl derivative 7a in- a 1:1 ratio.

35 Suitable, but non-limiting, acids include one or more .
acids such as sulfurie¢ acid, hydrochleoric acid (aqueous or



this extraction is ethyl acetate. The extracts are then dried over a
suitabl e .drying agent, e.g., sodiumsulfate,. 10 and the product nmay be
purified HO86M26ht i onal neans such as silica gel col E 95/09804

chr omat ogr aphy. On a small scale, the yield of 5, 7-di hydroxy- 8-
pr opi onyl - 4- propylcounarrnfaﬂ;produced by the above: - described reaction
is generally guantitative. However, on 15-37a larger scale, the reaction
was very difficult to control ~and did not exclusively afford the
desired product anhi&drous)r,outird fimeromgedt ifcora¢ e, syéthasesubfohbonasgid,

gagma“ noes or ofE &'fﬂgtgk%\k;%%héhkéﬂgkﬁﬂﬂcoéc# #Qf:‘;%%%' 28i8&" éé&%’%@xﬁ

desi red 8 p05| t. |°€nt§6}FaFéHt$F6d'EMr@%asA pre 5Fm9536%€of"®’éﬁ+%ﬁ im, thie

formation of ungeaictddnSis a 1:Posiv mdktars oFcdcet QdUstidnghd 50% H,S0,.
6, 8- bi s-ac necessar%%f optimze the reagl

Iat ed pro tiqn
condi tions ﬁfmtfgcﬁlgnf ‘Bfﬁgﬁ'ﬁn"’%ﬁ ¢ eSS MR o3& § q88 o5
devel op a m)re ahi:lecthee resulting i mixtweesextvachedeastth a isudtpbileety

and scale-up th I tige of d 57 '
di hydr oxy- 8- pro%locq)"r‘l’%?s 4- ;l?rg gg&ﬁér ?%b%%@zn 'I‘he oled organé.c 1ay Ferred

route for prepaMex§ !!a$hﬁiiﬁ'{/ MAGRX, satusﬁ‘éﬁdohwanbw@wmmaa in
large scal e quamriiiess lﬂ.&ze?(brudé\%réiﬁy@ioﬁﬁd concentrated in vacuo and
10 purified by conventional means, e.g., silica gel column
using a 2:3 (v/v) ethyl acetate/hexane solvent mixture.
The yields of chromanone 7 from this reaction generally
range between about 10% and about 40%, usually about 20%
based on chromene 4. - _
15 © One skilled in the are will also appreciate that
 10,11-cis-chromanone 7A can be treated with with a base
under thermodynamic (eguilibrium) conditions so as to
‘ - afford the corresponding trans-chromanone 7. The
" suitable, but non-limiting, bases include metal hydroxides
20 such as NaOH, KOH and Ca(OH),, metal alkoxides such as
MeONa, EtONa and t-BuOK, amines such as triethylamine,
diisopropylethylamine, pyridine, 4-dimethylaminopyridine,
N,N-diethylaniline, ' pyrrolidine, piperidine, 1,5-
- diazabicyclo[4,3,0)non~5-ene: (DBN), 1,8~-diazabicyclo-
25 - ([5,4,0)lundec-7-ene (DBU), LDA and LiHMDS as well as metal
hydrides such as NaH and KH. '
(c) LDA/Mitsunobu two-step reaction:
In a preferred reaction, aldol product 7b may be
converted to chromanone 7 as the predominant product under
30  neutral Mitsunobu reaction conditions. In this reaction,
- diethyl azodicarboxylate (DEAD) was added dropwise to a
solution containing crude aldol product 7b and
triphenylphosphine at a temperature ranging between about
-10°C and about 40°C, preferably about ambient
35 . temperature. The amount of DEAD used in the reaction
generally ranges between about 1 mole and about 10 moles



Preparation of 8-acylated coumarin 3 on a 5 gram scale as a single

product (45%yield) has been achi eved by addi ng a m xture of

pr opi oni cwanbg4psd de, a Lewi s acid, e.g., Al d[err]PCTUEHPMBUs i ¢ abl e
sol vent, e.g., 1,2- 35 . dichloroethane, into a vigorously stirring
pre-heated hixture'of coumarin, a Lewis acid, e.g., AlC[err], and

WD 96/ 04263 : -18- . PCIT/ US95/ 09804 '

-11- . sui tabl e solvent e.g., 1, 2-dichl or oet hane, at

tenmperature raﬁgeaerbm%eabgal&out ) A nghdibabbut 6Q[ molkE, per npmé esfibl y

i opi oni ¢ annyBRERS 2Brur e eaiRe oF iienenylonoditie G i he' 11

t enper at ure of reagtion gemeraily rangedrbetveen nabout hewolei and nabewe
desired 10 moles, preferably ranging between about 1 mole and

5 about 4 moles, per mole of aldol 7b. .

' Instead of DEAD, other reagents reported in the
literature can be ~employed such .as diisopropyl
azodicarboxylate. (DIAD), dibutyl azodicarbdxylate (DBAD),

_ dipiperidinoazodicarboxamide;- bis (N‘-methylpiperazin-1-

10 yl)azodicarboxamide, dimorpholinoazodicarboxamide,

N,N,N’,N-tetramethylazodicarboxamide (TMAD)Y. Also, in {
~addition to triphenylphosphine, tri-n-butylphosphine,

triethylphosphine, trimethylphosphine and

tris(dimethylamino)-phbsphine have been used.

15 : Thereafter, the reaction was guenched with saturated
ammonium chloride upon completioh and extracted with a
suitable solvent, e.g.,.ethyl acetate. The pooled organic
layers were washed with brine, concentrated in vacuo and
the crude chromanone 7 was purified by conventional means

20 = as discussed above. The yields of chromanone 7 from the

' LDA\Mitsunobu reaction generally range between about 30%
and about.sb%, usually about 50% based on chromene 4.

Suitable, but non-limiting, examples of azo compounds
for the Mitsunobu reaction include diethyl

25 azodicarboxylate (DEAD), diisopropyl azodicarboxylate

' (DIAD), dibutyl . azodicarboxylate (DBAD),
dipiperidinoazodicarboxamide, bis (N*-methylpiperazin-i-~
yl)azodicarboxamlde, dimorphblinoazodicarboxamide, and
'N,N N',N'-tetramethylazodlcarboxamide (TMAD) .

30 ‘Suitable, but non-limiting, examples of phosphorous
derivatives for the  Mitsunobu reaction include
triphenylphosphine, tri-n-butylphosphine,
triethylphosphine, trimethylphosphine and
trls(dimethylamino)phosphlne. o - :

35 Finally, mild borohydride reduction of" chromanone 7
in the presence of CeCl;(H,0), produced (f)-calanolide A

o,



t enper at ure range. The anmount of propionic anhydride used in the
reaction generally ranges between about 0.5 noles-:and 10. about 10 nol es,

pref er abl y W43 bet ween about 1 nole and about 2 nBEEUSIFABMy) o of
5, 7-di hydr oxy- 4- propyl coumarin 2. ...~ Non-limting exanpl es of
Lewi s acid catal ysts useful in the acylation reaction include

AlC [err], BF[ferr], POOJ[err], SnC[err], - ZnCJerr] and TiC[err]. A
preferred Lewis acid catalyst is AlCl [err]. The anmount of Lewis acid

catal yst relatiweittho StHe desidiedydrsbersebgiamidalounarrangénentanges In
bet ween about Ocrbzfxdu tﬁ-{bd apRYt 1eg g?@n prr@‘ ﬁmny rapgi %EIB‘EEWEG” %ogt

2 and - about per nole o oxy - propyl counmarin
2. Stk ré’tﬂaé‘%lﬂ ﬁonWFﬁt?W%xa?ﬁﬂ@élﬁﬁ dBteends setukien of

in theh: nvent lhorrédifdlu'@ dgﬁh&iﬁ?,emlf O%Hhﬁﬁefbér r¥de and a metal
conpl et i on i« ALY o0 28”51 cEROIERSY L “ﬁ n8, GEFBRISF
stirred reacti oraddittiore iiss such thaltnthenedaatiantnmm Ltemperagture is
o =" 20 L0 higes s ol S i g g iy T
conventi onal nedf’ Guchraserablynapging the V\B?‘Ruﬂbm“'- 10°C and about
30°C. Thereafter, the reaction mixture was stirred at a
10 temperature ranging between about -40°C and about 60°C.
In general, the amount of metal additive, é..g.,
C_eCI,(H,O)—, present in the reaction mixture ranged between
about 0.1 and about 2 mole, preferably ranging between
about - 0.5 and about 1 mole, per mole of sodium
15 ‘borohydride.  In addition, the amount of sodium reducing
agent, e.g., borohydride employed in the reaction
generally ranged ‘between about 0.1 and aboﬁt 12 mole,
prefei'ably fanging between about 2 and about 4 moles, per
mole of chromanone 7. Suitable, but non-limiting,
20 examples of reddcing agents include NaBH, LiAlH,, (i-
Bu),AlH, (n-Bu);SnH,9-BBN, 2n(BH,),, BH,;, DIP-chloride,
selectrides and enzymes such as baker yeast. Suitable,
but non-limiting, examples of metal additives -include
ceCl;, 2nCl,, AlCl,, TicCl,, SnCl,, and ‘LnCl, and their
25 mixture with ‘Eriph'enylph’osphine oxide. 1In practicing this
invention, sodium borohydride as reducing agent and
- CeCl;(H;0), as metal additive are preferred.
Thereafter, the reduction ‘mixture was diluted with
water and extracted with a suitable solvent, e.g., ethyl
30  acetate. The extract was dried over a suitable drying
agent, e.g., sodium sulfate, and concentrated. The
_ résulting re’.sidue was then purified by conventional means
such as 'silica gel chromatography, using ethyl
acetate/hexane solvent mixtures. s
35 Thus, (t)-calanolide A, 1, was successfully prepared
with the’ desire_d' stereochemical arrangement by treatment



30 @ procedure is the sanme as described above. | The product was

purified without the use of colum -chromat ography to afford the
desired pWVe&Re@d263. This . procedure has been scal ed- RETUSINIB04K g Of
coumarin (for details see experinental section) and the yield for 8--
35 acylated coumarin 3 was 29% after recrystallization. The yield
for 8-acylated coumarin 3 may be further dagaroved by WO 96/ 04263 .
PCT/ US95/ 09804 -12- ~changi ng t he

purification prafteshengcey Famtemeﬁh.a;tet hthromene C AU O £ O(Hdataflméhbae
recrystallized dj ol v, of her ml{‘@? a _Si
washing with arﬁiaép:)‘:rH prlaggeéﬂ 61h ?ara%deﬁ ea togg?odgff‘sﬁﬂf eﬁ’gugh

for the next g:r:l.ff iac1d and pyridine or a two-step reaction
including aldol reaction with acetaldehyde and cyclization
5 either under acidic condition or. neutral Mitsunobu

condition to produce chromanone 7, followed by Luche
reduction via chromanone 7 (see Scheme Ii) .

An alternative route for preparing -(t)-calanolide A
from chromene 4 was a_ttempted. A Robinson-Kostanecki -

10 reaction on 4 was conducted with sodium acetate in
refluxing acetic anhydride and produced enone 5 in a 65~ ‘
70% yield (see Scheme II). Enone 5, however, failed to
afford (f)-calanolide A when being reduced with
borohydride reagents and some transition metal reducing

15 agents, presumably because attack at the pyrone and ring
opeifxing occurred preferentia'_lly. Treatment of compound s
with Baker’s yeast also resulted in coumarin ring cleavage
while tri-n-butyltin hydride reduce enone 5 into enol 6 in
a modest yield.

20 In another embodiment of the invention, methods for
.resolvirig (+)-calanolide A into its optically active
forms, (+)-calanolide A and (-)=-calanolide A, are
provided. In one method, (+)-Calanolide. is resolved by
high performance liquid chromatography (HPLC) with organic

25 solvent system as a mobile phase. HPLC is performed on a
column packed with chiral packing material. Suitable, but
not limiting, examples of chiral packing material include
amylose carbamate, D-phenylglycine, L-phenylglycine, D-
leucine, L-leucine, D-naphthylalanine, ‘L-naphthylalanine,

30 or L-naphthylleucine.  These materials may be bounded,
either ionically or covalently, to silica spherew whlch
particle sizes rang:.ng ‘between about 5 um and about 20 um.

- Suitable, but no_n—l:.mi_tlng, - mobile phase includes

__ hexahe, heptane, cycl_ohexahe, ethyl acetate, methanol,
35 ethanol, or isopropanol and mixtures thereof. The mobile
- phase may be employed in isocratic, step gradient or



" Thereafter, chronene 4 was prepared by introducing t he chrorrene

ring into 5,7-dihydroxy-8-propionyl-4- - pr opyl counar i usi ng 4,
4- di met hoX}yO26/426hy| but an- 2- ol . According to the netR G'H’U ?5"{9

present invention, a 10 -solution of

5, 7- di hydr oxy- 8- pr opi onyl - 4-"‘propyl coumarin, 3, “ 7 and : .
4, 4-di met hoxy- 2- met hyl but an-2-ol in a sui tghlke organic " solvent in the
presence of a base was reacted at a t enperature rangi ng between about

40[ err] C and abeohtiffhens] ng_'-apd:eém: aldystensyi ag bfloweradest gaaaai—auyc
and about 120[6&-%81:1%5“1:?&& ! Qﬁtrsagthﬁ?miﬁ %? &E’éeéb

. determ ned by suc ySI S. and
net hanol  for ned duAPﬁ&hthé‘etlheéctfiQ?n repelvi 'F%nb'b)e‘cpalan°l%&%ol\réﬁt9al ly

via a Dean-Starlitgr aapticallﬁ%' active prﬁ@tm.‘!‘rl "i@l\i&l\fes NépZlymeR catag yaeaunt

ggngrgl I sorsanglage ; 3?3%89 otlgrns% ab{}& ﬁggﬁéng %ﬂ?s B?‘%%‘Fgﬁf’y
rangi ng bet vveenealzwe-ﬁaaadyabdut acyid tian peof (+)-ma|lamﬂxde A
5, 7-di hydr oxy- 8; E'E?Q 9@&' - W&@E’bgoi 1on method eﬁﬁii‘ Hﬂ
not limting xarrp ni c vent s |nc pyr|
triethylam ne, Such Nas llpaﬁﬁrre?ﬂyl (candidale Qindracaalone 1ipase AK
tetrahydrof uran ((:IHE)zdar Cylindrhdédjl chl ipansd mne (Caﬁuuaablcm:hu&-acea) ,
ZOSI lmletm h;::%?n 33%‘ &S (Psoeuéomo %Seépégféé’)de PYPASE"Ep (aspergillus
_ niger) ' lipase N (Rhizopus nleveuis) . lipase FAP (Rhizopus
nieveus), lipase PP (Porcme Pancrease), pig (porcine)
liver esterase (PLE), pig liver acetone powder (PLAP), or
subtilisin. 3'Th'e'preferred enzyme for use in the enzyme-
15 catalyzed acylation reaction is 1lipase PS-13 (Sigma
Corporation, St. Louis, MO, USA). Immobilized forms of the
enzyme on cellite, molecular sieves, or ion exchange resin
are also contempated for use in this method. The amount
of erizyme used in the reaction 'd‘epend on the rate of
20 chemical conversion desired and the activity of the
enzyme. | o |
- The enzymatic acylation reaction is carried out in
the- présence of an acylating agent. Suitable, but not
limiting, exaniples of acylating agents include vinyl
25 acetate, vinyl propionate, vinyl butyrate, acetic
anhydride, propionic anhydride, phthalic anhydride, acetic
acia, pro‘pionid acid, _hekandid acid or octanoic acid. The
enzyme reaction employs at least one mole of acyléti_ng
agent per mole of (+)=-calanolide A. Acylating agent can
30 be used as a solvent in the acylation reaction or as a co-
solvent with another solvent such as hexanes, chlorofornm,
benzene and THF. '
- One skilled in the art will appreciate that racemic
esters of calanolide A can be made by conventional
'35 esterification means and selectively hydrolyzed by the
enzymes so as to produce, in high enantiomeric excess,



triethylamne, N, N-diethylanailine, 1, 5-di azabi cycl o- 30
[4,3,0]-non-5-ene (DBN), 1, 8- dlazablcyclo [ 5,4, 0] undec- 7-

(DBU), sW@%#4268ar bonate and sodium bicarbonate. CWPWH% was
used as both base and solvent in this invention on a small -

scale; -for scale-up, however, pyridi ne was used as a base and

t ol uene was used as a 35 sol vent. . -230 96/ 04263

PCT/ US95/ 09804 -13- ' Upon

conpl etion of bbelcemmyl m.-,tnté’le(sp{-vmzt I(s)-calane]:md!ed Auniier fireducexd
pressure and ' BEeLEFILAN RUANICI Ine estariEiad) W 'n'613d§“'§satﬂ1a‘% spevent,

e.g., ethyl ac | utiton 1s then ma uent al ¥ W th
water and 5 hpdraivasd ehemiraldy o §BFY&BF§°G?}Ynﬁ“%@) freg LoxBdi um

‘Suitable, but not limiting examples of solvents for use in
5. the enzymatlc hydrolyszs reaction lnclude water, suitable
aqueous buffers - such as sodium phosphate buffers or
alcohols such as methanol or ethanol. |
, In yet another embodiment of the invention, a
method for treatihg or preventing'viral infections using
10 ()= and (-)-calanoclide is provided. (:)-Calanelide A and
| (-)~-calanolide A have not been reported before for their
anti-HIV activity. It has been discovered that (+)-
calanolide A inhibits human immunodeficiency virus type 1
(HIV=-1) with EC,, value being approximately half of that
15 for (+)-calanolide A.  Although (-) calanolide A is
inactive against HIV-1, it does not exhibit synergistic
effect on toxicity of (+)-calanolide A. Therefore, one
skilled in the art will appreciate to: directly use the
synthetic (+)-calanolide A as antiviral agent, without
20 further resolution into the optically pure (+)-calanolide
A, to inhibit the growth or replication of viruses in a
mammal. Examples of mammals. include humans, primates,
bovines, ovines, porcines, felines, canines, etc.
_ Examples of viruses may include, but not limited to, HIV-
. 25 1, HIV=-2, herpes simplex virus (type 1 and 2) (HSV-1 and
2), varicella zoster virus (VZV),'cytomegalov1rus (CMV) ,
papilloma v1rus, HTLV-1, HTLV-2, feline leukemia virus
(FLV), avlan sarcoma Vviruses such as rous sarcoma virus
(RSV), hepatitis types A-E, equine infections, influenza
30 .virus, arboviruses, measles, mumps and rubella viruses.
More preferably the compounds of the present invention
will be used to treat a human infected with a retrovirus.
Preferably the compounds of the present invention will be
used to treat a human exposed or infected (i.e., in need
35 of such treatment) with the human immunodeficiency virus,
either prophylactically or therapeutically.



sul fate. Thereafter, the crude chronene 4 product can be purlfled by

conventi onal neans such as SI lica gel columm chromat o usi ng 25%
et hyl acet¥P8$PR8hne as the- el ution sol vent. The yi el ET’@ %% ene 4
generally fall 10 with the range of about 60% and about 85% wusually
resulting in about 78%yield. Thereafter, chromanone 7 may be
produced by reacting a soI ution of clgparene 4, acet al dehyde

di et hyl acetal, and an acid catalyst in organic,solvent at a

tenperature 15 rar&p ngdb"é'ﬁ:ﬁaee aifouce B4 tn r Compodndsons 14beerpiegent
r ef er abl t I
P y c%gdl# Ofgr rﬂl%] “’Ehé# J@ca[ C{:hQ_” db’ifﬂ{? €beY%nhibit

. The anount of a de di et yI ace use reacti on
general |y range®mtife ‘étﬁ%tm -antsh iRty targ) re515trﬂﬂ"est° e Mnr
rangi ng bet weemxﬁ&u&sﬁandnﬁhbmtoﬁsﬂhucﬁmhes T:pm e névmbapmaee ot

Suttable, obul dfedddl dhuct SIAH Shn it T S Saddlidd!de
acl 't I’I‘}JT uor orre

trifluoroateti &&et anesu Onl C ane oni ¢
acid, p-tosyliceRy dthe cumtcde dryar dheranyo awherendickegical

pyri di ni um sal tregfstariil &ﬁéﬂr&évétﬁﬁséoéo Auknebeifed ana1dgeriesstid or
t he use in this |nvent|on is triftuoroacetic acid. The anount of

-acid catal yst . JhRy ’d’g??e*? ‘}‘9’ gﬁ% bet ween about -2 and about 25
mol es, preferably. ragne® bRewessmpdunds ldf atthe present invention are

10 particularly useful in the prevention or treatment of
infection by the human immunodeficiency virus and also in
the treatment ' of consegquent pathological conditions
associated with. AIDS. ~ Treating AIDS is defined as
including, but not limited to, treating a wide range of

15 states of HIV infection: AIDS, ARC, both symptomatic and
asymptomatic, and actual or potential exposure to HIV.
For example, the compounds of this invention are useful in
treating infection of HIV after suspected exposure to HIV

- by e.g., blood transfusion, exposure to patient blood

20 -during surgery or an accidential needle stick.

Antiviral (t)-calanolide A and (-)-calanolide A may

be formulated as a solution of lyophilized powders for

. parenteral administration. Powders may be reconstituted
by addition . of  a suitable diluent or other

25 bharmaceutically.acceptable carrier prior to use. The
l-iquid_ formulation is generally a buffered, isotonic,
ageuous solution. Examples of suitable diluents are
normal isotonic saline solution, standard 5% dextrose in

‘water or in buffered sodium or ammonium acetate solution.

30 Such formulation is especially suitable for parenteral
administration, but may also be used for oral
administration.. If'may be desirable to add excipients
such as polyvinylpyrrolidone, gelatin, hydroxy cellulose,

_ acacia,- polyethylene glycol, mannitol, sodium chloride or

- 35 sodium citrate. - '



about 22 noles, per nole of chronene 4. 30 Two al ternative routes

for preparing chromanone 7 . fromchronmene 4 in large scale quantities”
were develwpedoa263 and which involve either a one-step reBEVIEYBIEcess

- (paral dehyde one-step reaction) or a _two-step reaction processes
(LDA/ sul furic acid process or LDA/Mtsunobu 35 process). (a)
Par al dehyde one-. step reaction: -~ WD 96/04263 :
PCT/ US95/ 09804 -14- | nst ead

of acet al dehyde d'eUﬁDﬂé%ﬁﬂﬁﬂveﬂ@%rth€$bﬁ§bunds ofWBﬁe9§£§Eéﬁttﬂﬁbentlon
acet al dehyde e ui vgl ent . In t.h 4§' IE; q
catal ysts such. %—e[ qﬂ %‘9[ erﬁeéq"é’r ﬂrﬁpaé'ﬁ iR § (f"r?num

p- toIuenesulfcnkﬁxi%ﬂﬂxﬂﬂten:hrGWEne Yater-in-oil) syrup for oral
. -administration. Pharmaceut;cally acceptable solids or

5 liquid carriers,  which are generally known in the
' pharmaceutical_formulary afts, may be added to enhance or
.stabilize the composition, or to facilitate preparation of

the composition. Solid carriers include starch (corn or
potato), lactose, calcium sulfate dihydrate, terra alba,
10 croscarmellose sodium, magnesium stearate or stearic acid, -
- talc, pectin, acacia, -agar, gelatin, or collodial silicon
dioxide. Liquid carriers include syrup, peanut oil, olive

0il, saline and water. The carrier may also include a
sustained release material such as glyceryl monostearate

15 or glyceryl distearate, alone or with. a wax. The amount
6f'solid carrier varies but, preferably, will be between

" about 10 mg to about 1 g per dosage unit.

' The. dosage ranges for administration of -antiviral
(+)~calanolide A and (-)-calanolide A are those to produce

20 the desired affect whereby symptoms of infection are
- ameliorated. For example, as used herein, a
pharmaceutically effective amount for HIV infection refers

to the amount administered so as to maintain an amount
which suppresses or inhibits secondary infection by

25 syncytia formation or by circulating virus throughout the
period during which HIV infection is evidenced such as by
presence of anti-HIV antibodies, presence of - culturable

virus and presence of p24 antigen in patient sera. The

. presence of anti-HIV antibodies can be determined through

30 use of standard ELISA or Western_blot assays for, e.g.,
anti-gpl120, anti-gp4l, -anti-tat, anti-p55, anti-p17,
antibodies, etc. The dosage will generally vary with age,
extent of the  infection, the  body weight and

: - counterindications, if any, for example, immune tolerance.
35 The dosage will also be determined by thé existence of any
adverse side effects that may accompany the compounds. It



5- reacted with paral dehyde at el evated tenperature in a sui tabl e

solvent to afford chromanone 7 as the nmjor - product and t he '
correspondiW@ 96042638 11- ci s- di net-hyl derivative 7a as aPCIHE 3% quct .
According to this reaction,“paral dehyde was added ta 10 a stirring
solution of chromene 4 and an acid catal yst, -e.g., PPTS, at room
tenperature.in a suitable sol vent. ThgsLesul ting m xture was heated
‘at the tenperature ramgi ng between about 40 and about 140[err]C,
preferably isaalwagsbdesdeababoutvhefexerd pomstible]| aro |Keep cadweersei od
of 15 . time r o] - _ J1t s and about - 36 hours,

preferably aboﬁ%ﬂa%gefﬁg%ﬁ%% %ﬁﬁ%’é‘?@é’r, CF3CO2H, an addi ti onal

equi val ent of -PPTS arfn®askiddeddeinashedrst can eagilyiedereymingy the

m'bxt ;Jr e \fﬁg nai ]négﬁ:feﬁrf ﬁitﬁ;ldo@swzo ,aEUhe;iuleB ?ﬁ@&ﬁmﬁ:&tﬁt\ggaﬁigbﬁgfaﬂﬂdﬂnd
abou err] Lef erably lr%ngl ng etbween a X and about .
100[ err] C overni ?\"f%ﬂe exac GRFF'P BirdCPe Et*l" T SRR J@WOH 8
determ ned by ordexohoecathirvecihe desjredlleffective concameratiomtinf
par al dehyde enpl : : C n b en
about 1 and abo’u@%%‘%{v@oﬁegatlre e téraﬁf’agﬁgﬁbﬁ%tgg%%égn ‘%@ogts%go%ér‘\% '
about 30 rEeen about 0.0&bmg/Kiday §R| PRt F9c8e/keldare But

trifluoromethanepreferably between about 0.01 to about 1.0 mg/kg/day.

10 The pharmaceutical composition may contain other
pharmceuticals in conjunction with antiviral (#)-
calanolide A and (=)=-calanolide A, to treat
(therapeutically or prophylactically) AIDS. For example,
‘other pharmaceuticals may include, but are not limited to,

15 other antiviral compounds (e.g., A2T, ddC, ddI, DAT, 3TC,

| acyclovir, gancyclovir, fluorinated nucledsid_es and
nonnucleoside anaiog compounds® such as TIBO derivatives,

nevirapine, a-interferon  and recombinant CcD4),
immunostimulants (e.g., pyridinones, BHAP, HEPTs, TSAOs,
20 . a-APA - various = interleukins and cytokines),

imunomodulators and antibiotics (e.g; , antibacterial,
antifungal, anti-pneumocysitis agents). Administration of
the inhibitory compounds with other anti-retroviral agents
that act against other HIV proteins such as protease,
- 25  intergrase and TAT will generally inhibit most or all
. replicative stages of the viral life cycle.
In addition, the compounds of the present invention
are useful as tools and/or reagents to study inhibition of
retroviral reverse transcriptases. For example, the
| 30 instant compounds selectively inhibit HIV reverse
transcriptase. Hence, the instant compounds are useful as
a structure-activity relationship (SAR) tool to study,
select and/or design other molecules to inhibit HIV. -
. The following examples are illustrative and do not
35  serve to limit the scope of the invention as claimed.



sul fonic acid, trifluoroacetic acid, nethanesul fonic acid, - p-tosylic

acid and their pyridiniumsalts. In practicing 30 this invention,

pyri di ni tNOpén4tssienesul f onate (PPTS) is t he prefer r BOT/HS959804t a yst :
~The ampount of acid catal yst used in the reaction ranges between about’

0.5 and about 10 - rmoles, preferably between about 1 and about 2 noles.

Representative solvents for use in thgsgeaction 35 i ncl ude tol uene,

di-glyne and 1, 2-di chl or oet,hane. In WO 96/ 04263

PCT/ U895/'0980'4nggg31143mu . . .-15-. - practicing

(e, Lmventt on.” 1 234" SHbe1 o8t kersh ohlchopuencd AR 38 Bahuy,
saturated bi cargonag_dllgoamibablgrﬁrom a number of commerc:.al sources
including Aldrich Chemical Co. or Fischer Scientific. NMR
5 _spectra were run on a Hitachi 60 MHz R-1200 NMR
spectrometer or a Varlan VX-300 NMR spectrometer. IR

. spectra were obtalned using a Midac M series FT-IR =
instrument. Mass spectral data obtained using a Finnegan
MAT 90 mass  spectrometer. All melting points are

10 ‘corrected.

EXAMPLE 1: s,'l-D:l.hydroxy.-4-p:l':opyl¢=cmma.:'|:':i.ns (2)
Concentrated sulfuric acid (200 mL) was added into a
mixture of phloroglucinol dihydrate (150 g, 0.926 mol) and
ethyl butyrylacetate (161 g, 1.02 mol).  The resulting
15 mixture was stirred at 90°C for two hours whereupon it was
-poured onto ice. The solid product was collected by
filtration, and then dissolved in ethyl acetate. The
solution was washed with brine and dried over Na,SO,.
After removal of the solvent in vacuo, the residue was
20 triturated with hexane to provide essentially pure
compound 2 (203 g) in quantita't;ive yield, mp 233-235°C.
(Lit.’ 236-238°C). 'H-NMR® (DMSO-d,) & 0.95 (3H,t,J=6.9 Hz,
CH;); 1.63 (2H, apparent hextet, J=7.0 Hz, CH,); 2.89
(2H,t,J=7.5Hz,CH,); 5.85 (1H, s, H,); 6.22 (1H, 4, J=2.0
25 Hz, Hg); 6.31 (1H, 4, J=2.0 Hz, H); 10.27 (1H, s, OH);
10.58 (1H, s, OH); MS (EI); 220(100, M+); 205 (37.9, M-
CH;); 192 (65.8, M-CH,); 177 (24.8, M-CH,); 164 (60.9, M-
CHCO,+1); 163 (59.6 M-CHCO,); IR (KBr): 3210 (vs and broad,
" OH); 1649 (vs, sh); 1617 (vs, sh); 1554 (s) cm!); Anal.
30 calcd. for c,,u,,o,,. c, 65.45; H, 5.49; Found: C, 65.61; H,

5.44.

EXAMPLE 2 s,7-Dihydroxy-a-propi'ohy'l-l-_-_prepylcoumarixi (3)
A three-neck flask (500 mL) equipped with an
efficient methanical stirrer, thermometer and addition



5 - extracted with a suitable solvent, e.g., ethyl a_?_ﬁtate ' f The crude
roduct was then purified as :described above. e yields o
Ehromanone“?o Y his reaction generally range bet weBGT/HSR5(098040 and
about 60% usual |y about 40% (b) LDA/sul furic acid two-step
reaction: 10 - Under al dol condensation conditions, chromene 4 was
reacted with acetal dehyde to form an open-<€dm+n al dol product 7b.
According to the present imvention, a solution of LDA in THF was
added dropwi se tfarneb|was ogharged withhﬁoﬂ’e@i&hﬂdtmﬁ%ptopylmm&niﬁ,e

angi ng bet ween o] 7 r r
ESO?lar?] C and ab%p (»55 073, o, ﬁ%jr?rx{i&ﬁ ‘ﬁl am)unt o]f&]r_ d @%dlgf e -of
chronene 4 : Lﬁ&rvge&"ﬁet%% obehzeng AIPUnBIN 2nd| the piy @:ablgas
rangi ng -bet ween sthirrte® wrtd lnhosblatpen W@ée:tfﬁaﬁiﬁd)rmmach was doo1éd G se

addition LQA is cf'fk?dﬂﬁt % Sﬂ?ﬂé] LOeh, th%\ ZQoluéfggt LE" o pﬁ@ xif%bi‘?,ﬂsdﬁ hen

mai nt ai ned w t hi
added dropwi se tEGFR 4% ‘.?oeébtllsc%m°1) lnmcitl'bpe fasuifides (50 mylngvaemtadded

about 1 gnd aboltﬂrdp'iuse at 'Eiidhsar gﬁg&g&ﬁﬁEYtﬁénﬂaﬂngﬁd‘é‘?ﬁ%%ﬁ ré vy
:ggtjgl geh?de ITID es%méed % 0%Grat qu't% cWR8n completednevarurk is
mai nt ai ned wi t hipexios aa‘foc_lehau_rmi:raui viyarous stirring. The reaction was
10 monitored by TLC using a mobile phase of 50% ethyl
acetate/hexane. After three hours, an additional portion
of propionyl chloride (2.10 g; 0.0227 mol) in carbon
disulfide (10 mL) was added. Immediately after the TLC
analysis indicated the total consumption of s.tarting'
15 material, the reaction mixture was poured onto. ice, and
allowed to stand overnight. The nitrobenzene was removed
by steam distillation, and the remaining solution was
extracted several times with ethYl acetate. The extracts
were combined and dried over Na,SO,. The crude product
20  obtained by evaporation  in vacuo was purified by
chromatography on a silica gel column eluting with 50%
ether/hexane to provide the desired propionylated coumarin
- 3, mp (corr) 244-246°C. 'H-NMR (DMSO-ds) & 0.96 (3H, t,
J=7.3 Hz, CHy); 1.10 (3H, t, J=7.2 Hz, CH,); 1.60 (2H, m,
25 CH,); 2.88 (2H, t, J= 7.7 Hz, CHy); 3.04 (2H, g, J=7.2 Hz,
CH,); 5.95 (1H, s, H;); 6.31 (1H, s, H); 11.07 (1H, s, OH);
11.50 (1H, s, OH); MS (EI): 277 (6.6, M+1); 276 (9.0, M+);
247 (100, M-CHs); IR (KB:)_: 3239 (s and broad, OH); 1693 |
(s, C=0), 1625 and 1593 (s) cm!; Anal. calcd. for CHO;:
30 C, 65.21; H, 5.84; Found: c, 64.92; H, 5.83. The isomer
assignment was made by analogy to precedent.’

EXAMPLE 3. 2 2-D:I.methy1-s-hydroxy-s-propionyl-lo-propyl-
zn,an—benaou 2-b:3,4-b’}dipyran-8-one (4)

A mixture of 3 (2.60 g, 9.42 mmol) and 4,4-d1methoxy-
35 2-methylbutan-2-o0l (5.54 g, 37.7 mmol) were dissolved in
anhydrous pyridine (6.5 mL).. The mixture was refluxed



The reaction was nonitored by conventional neans, e.g., TLC anal ysis,
until it reached conpletion. 30 One skilled in the art wll -
appreci at wot9684268 he al dol reaction of chronmene 4 w POTASS/MMBEchyde to
form 7b can be - carried out under conditions which enploys bases other
than LDA. For exanple, netal hydroxides such as NaOH, KOH and
Ca(OH)[err], netal alkoxides such as MeONgg_EtONa and t- 35 BuOK, and
am nes such as pyrrolidjne, piperidine, _ di i sopropyl et hyl am ne, -
1, 5- di azabi cychafiér3 fitrwydn eper threeVQ&%.QMQi—’fteg" removal of the 8
PCT/ US95/ 09804 , . . -16- . , 1,
- di azabi cycl o §?1X?"B]-Lﬁ{he8??‘-’8ne HSsuFesitpe Nz?lﬁH[é?'?T°1ved 1&‘nd‘lg%q‘l%/DS as
wel | as- hydri dasetata. asTharethyl Kitatatevas washedesewpkajetinmésowitihe
al dol  reacti onSN Y JandV$Pine Bl 09t was then dried over Na,s0,. The
5 crude product obtained by evaporation in vacuo was
purified by silica gel column chromatography, eluting with
© 25% ethyl acetate/hexane to afford 2.55 g of 4 in 78.6%
yield, mp 96-98°C. 'H-NMR (CDCl;) & 1.05 (3H, t, J=7.3 Hz,
CHy); 1.22 (3H, t, J=7.5 Hz, CH;); 1.53 (6H, s, 2 CH,); 1.75
10 ' (2H, m, CHy); 2.92 (2H, t, J=7.1 Hz, CH,); 3.35 (2H, q,
J=7.1 Hz, CH,); 5.56 (1H, d, J=10.0 Hz, H,); 5.98 (1H, s, (
H); 6.72 (1H, 4, J=10.0 Hz, H,); MS (EI): 343 (5.7, M+l);
342 (22.5, M+); 327 (100, M-CH;); IR (KBr): 1728 (vs, C=0)
cm-1; Anal. calcd. for C,H,Os: C, 70.16; H, 6.48; Found:
15 C, 70.45; H, 6.92. '

EXAMPLE 4: = 10,i1i-Didehydro-i12-okxocalanolide A (5)
A mixture of 4 (1.76 g, 5.11 mmol) and sodium acetate
(0.419 g, 5.11 mmol) in acetic anhydride (12 mL) were
refluxed for 10 hours whereupon the solvent was removed in
-20 vacuo. The residue was purified by s-i_lica gel column
chroma'tography, eluting first with = 25% ethyl
acetate/hexane followed by 50% ethyl acetate/hexane to
provide 1.16 g (62% yield) of enone 5 (6,6,10,11~
tetramethyl-4-propyl-2H, 6H,12H~benzo[1, 2-b:3 +4=b’:5,6~b"]~-
25 tripyran-2,12-dione) as a white solid, mp 209-209.5°C. 'H-
NMR (CDCl,) & 1.05 (3H, t, J=6.6 Hz, CH;); 1.56 (6H, s, 2
CHy); 1.73 (2H, m, CH,); 1.98 (3H, s, CHy); 2.38 (3H, s,
CHy); 2.91 (2H, t, J=7.5 Hz, CH,); 5.69 (1H, d, J=10.0 Hz,
H); 6.11 (1H, s, H;); 6.71 (1H, d, J=10 Hz, Hy); MS (EI):
30 366 (29.6, M+); 351 (100, M-CH;); 323 (16.5, M~CH,); IR
' (KBr): 1734 (vs, C=0), 1657, 1640, 1610, and 1562 cm’;
Anal. calcd. for CpH,Os: 72.12; H, 6.05; Found: C, 72.14;
H, 6.15. | - ' S



reactions can be nedi ated by netal conplexes of A, B, Sn T|, Zn
and Zr conpounds such as T|C|[err] (i-PrO3Tid, (|-PrrC% er

PhBCO [ er r ] WQ60M68[ er r | BA BF[_err] (n-Bu)[err] snd , snd [ & err]
MyBr[err], Et2AICl with or without chiral auxiliaries such as _
1,1'-binaphtho|,- nor ephedri nesul f onat e, canphanedi ol , di acet one
glucose and dialkyl tartrate.[err] 10 -29- Thereafter, the reaction
m xture was quenched at - .« 30[err]Cto -10[err]C with saturated
agueous anmoni uBXAMPOLE Se " 10sdleDidehpdricexlanalide vkt (61 suitable
solvent, e.g., ‘ e e at p X ’ h Lh
~brine and drie %\Sé#uggsé? é‘%?ﬂ-g'es flf%& g?e td’%‘-‘:.;.-ﬁ m\ﬁférl :g&% %g Wh

sul fate. The vyi E’P&XlﬁﬁnamiGFlﬁFoélﬁc?l%bggd‘\e‘?%llw ﬁgwedry dio¥angeda - Sbout
40% and about 8@%) was&éﬁlwturﬁ% nitrogen forl 12&’(&!&'&1 berneosed vehat

th 7h

it e of St wo- VA4 EhghCrempvadCE e brid i Sy ik b i3I by
whi ch 20 nay preparatived ThE cswgnﬂﬁ&nelthyésebetabe dpt hexaneues &be
chromat ography gspH@ac QQ@' Criphd Hrddirit %&H?Jbl%&éaatﬂ% of about o 4.

di ast ereoi soneric er| t1ves such as salts or esters optically
active acids (eEgol camfhor- 10~ 2%y ~$oi6 10, 11‘te(§&'mé-'éCPB'°PY1'
met hoxyacetic aeadsnpnzﬁmmal V.25 - 18 |4st55 6-1'] Hr ipyramsp~ahesal (1. 3

catal yzed &ﬁcy' agiion %al dro'é’éiéted as 8h bl "R S SpThLe  be 22yl

chiral siti 89
acetate elution. This elution may have been J.neffz.clent,

.and the actual yield higher, as indicated by analytical

TLC of the crude product. 'H-NMR (CDCl;) &§ 0.92 (3H, t,

J=6,0 Hz, CH,); 1.26 (3H, s, CHy); 1.39 (3H, s, CH;); 1.63

15 (2H, m, CH;); 1.96 (3H, s, CHy); 2.36 (3H, s, CH;); 2.45

(2H, t, J=6.0 Hz, CH,); 3.65 (1H, s, H,;); 5.51 (1H, 4,

J=10.0 Hz, H;); 6.67 (1H, d, J = 10.0 Hz, H;); 13.25 (1H,

br s, OH); MS (EI): 369 (3.8, M+l), 368 (4.4, M+), 367

- (8.3, M-1) 366 (28.4, M-2), 351-(100, M-OH); IR(KBr): 1651
20 (s), 1589 (m)cm'!. ' -

EXAMPLE 6: 12-0xocalanolide A (7)

A solution containing chromene 4 (344 mg, 1.0 mmol),
acetaldehyde diethylacetal (473 mg, 4.0 mnol),
trifluoroacetic acid (1.5 mL, 19.4 mmol) and anhydrous

25  pryidine (0.7 mL) was heated at 140°C under N,. The
reaction was monitored by TLC analysis. After 4 hours,
the reaction mixture was cooled to room temperature,
diluted with ehtyl acetate and washed several times with
10% aqueous NaHCO, and 'brine.' The organic layer was

30 separated and dried 'over Na,so4. ' The sblvent was removed
in vacuo and the crude product was pur:.f:.ed by silica gel
column chromat_oqraphy eluting with ethyl acetate/hexane
(2:3). Chromanone 7 (10, 11-trans-d:|.hydro-6 6,10,11-
tetramethyl-4-propyl-ZH 6H 12H-benzo[1 2-b:3,4-b’:5,6-b" ]~

s tr;pyran-z 12-dione) (110 mg, 30% yield) was obtained m.p.



medi ated al dol reaction[err] of chronene 4 wth acetal dehyde may

‘directly produce optically active one of the enantioners of 7b.
The resulwasénd2ss synt heti c enanti omer 30 may then be tPEGHUSISONO t o
enanti osel ective synthesis of (+)-calanolide A and its congeners.

The crude al dol product 7b was ‘then cyclized under- acidic conditions
to forma m xture of both chromanone 7 " and 10, 11-ci s-di net hyl :
derivative 7a in a 1:1 ratJo 35 SUIta:E)?e but non-limting, acids

I ncl ude one ori§PLE77e @sitds S36n o gyl .f uni-onasi gepdryrechl ez i smci d
(aqueous or O 96/ 0426

PCT/ us9s/ 09804 , J=7.5 Hz, CH;); 1.21 (3H, d, J=6. 81¥Z, CHg), a}]ﬁ?/’d (ﬁ}g,)
trifluoroacetid, ar+1,0 rtmhac}gasul fob5c(6Kj i2s, 2 CH,)if1u63 o(2H haseetat onic

acid, p-tosylig acidy,acgyiC; 8818k (14, aq, J=6.9 Hz, J=11.0 Hz, Hy);
5  2.88 (2H, t, J=7.6 Hz, CH,); 4.28 (1H, dq, J=6.3 Hz, J=11.0
Hz, Hyg); 5.60 (1H, d, J=9.9 Hz, H;); 6.04 (1H, s, Hy); 6.65

(1H, d, J=11.8 Hz, H;); MS (CI): 369 (100, M+1). |

EXAMPLE 7: (+)-Calanolide A (1):
"To a solution of chromanone 7 (11 mg, 0.03 mmol) in
10 EtOH (0.4 mL) was added sodium borohydride (2.26 g, 0.06
mmol) and CeC13(H,O)-, (11.2 mg, 0.03 mm‘ol) in EtOH (5 mL)
at room temperature. After stirring for 45 m:.nutes, the
mixture was diluted with H,0 and extracted with ethyl
acetate. - The organic layer was dried over Na,SO, and
15 concentrated. ' The crude product was purified by
- preparative TLC eluting with ethyl acetate/hexane (1:1) to
afford (+) -calanolide A (1) (10.5 ng, 94%) . m.p. 52-54°C,
which increased to 102°C after 11: was dried thoroughly
(Lit.’ 56-58°C). 'H NMR (cbcl,): & 1.03 (3H, t, J=7.3Hz,
20 CH,) 1.15 (3H, 4, J=6.8Hz, CH;), 1.46 (3H, d, j=6.8Hz, CH,),
1.47 (3H, s, CH,), 1.51 (3H, s, CH)), 1.66 (2H, m, CH,),
1.93 (1€, m, Hy), 2.89 (2H, m, CH), 3.52 (1H, broad-s,
OH), 3.93 (1H, m, Hy), 4.72 (1H, d, J=7.8Hz, H;), 5.54
(1H, d, J=10.0Hz, H,), 5.94 (1H, s, H), 6. 62 (1H, d,
25 - J=9.9Hz, H,), MS (CI). 371 (75.4, M+1), 370 (16. 1 M*), 3
| (100, M-OH); Anal. calcd. for CpH;0s: C, 71.33; H,
7.07:Found: C, 71.63; H, 7.21.

zxmu:mz 8: - s 7-Dihydroxy-&-propylcomrin (2):

In this Example,' kilogram scale preparation of
30 intermedlate 2 is described. Into a stirring suspension of

phlorogluclnol (3574.8 g, 28.4 mol, pre-dr:.ed to constant
weight) and ethyl _but_yrylacetaj_:e (4_600 mL, 28.4 mol) was
added concentrated sulfuric acid dropwise at such a rate
that the internal temperature did not exceed 40°C. After



or their mxture thereof. A preferred acid for use in the reaction is

a l:1v/v mxture of acetic acid and 50% H err]SOerr]. 5 ‘The
reacti on wo@eaaze3nwas cool ed, ice water was added and RATAS98/49804 | ng
mXxture extracted with a suitable solvent, e.g., ethyl acetate. The
pool ed organic | ayers “were washed with water, saturated bicarbonate
solution and - brine. The crude producizpas concentrat ed in vacuo and 10
purified by conventional ngans, e.g., S|I|ca gel col um .using a 2:3

]gv/ V)tﬁ't hyl acteim dﬁ@ﬁ%&l&ﬁlﬁenicﬂaxﬁa% Eatdded t?bettmfgsdstﬁieghbfmél O/ne 7
romthis reac en range abou e.a0d _abou

usual Iy about 2 an%b g%é o%u%?ﬁr{ﬁ?%fé % rfgg into aneygg‘g‘ﬂ"eos?%l ;
are will also aimalzmm eoff IRUC indicat@ed] thaitstbhr neaquenmadamda@eed@t ed
‘with with a basgy comp1846h. the'fHQd%'&%@t(ioﬁe%E:lﬁJi‘é umscmci,{ge@swm as

to’ afford the corresgon |g trans-chromanone

suitabl e, Put ST nii9 &g, aBdsst L%W%?GPB%FBEErzwver%mtas
Nag—IG(KC]-I and Ce{éPrecipitaréd product dess sesllested b}{ Me{iNera £ diNcand d
t-Bu am nes a ridine,
4- di net hyl-am no%#l@ﬁéééé %I%Qﬁ% tulll1 tllé'n?'}l 22&99¥£§ Q¥L Héﬂgrafy ﬁi

pi peri di ne, ig@antity miazaﬂ:ﬁz(wclgo[ctw%o ynehds enﬁ Q[Br«gihydroxy%- '
1, 8- di azabi Cy0|&oﬁy51cou1{\§rfn @ wadesp¥a ERa (dFdy ﬂel?ﬁngaaéibki""\@ﬁléﬁ wes ! as

et al :
10 identical w1th an authentic sample by compars:.on of TLC,
melting pcunt and spectroscoplc data. '

EXAMPLE 9: _5,7-Dih'ydrcky-é-prcpionyl-i-p:opylcoumarin 3
In this Example, kilogram quantities of intermediate
3 was sYthesized using _pr_opionic anhydride instead of
15 propionyl 'chlcride._ 5_,'7_-_dihydroxy-4-propyl-coumarin, 2,
’ (1710 g, 7.77 mol) and AlCl, (1000 g, 7.77 mol) were mixed
in 1,2-dichloroethane (9 ). The resulting orange
suspension was stirred and heated to 70°C until a solution
- was obtained. Then, a mixture of ;Srfopionic anhydride
20 (1010 g. 7.77 mdl)_ and AlCl; (2000 g, 15.54 mol) in 1,2-
dichloroethane (3.4 L) was added dropwise over 3 h. The
reaction was allowed to stir at .70°c for an additonal
_hcur. After being' cooled down to room temperature, the
reaction m:.xture was poured into a rapidly stirring
25 mixture of ice water and 1N HCl. The precipitated product
was taken into ethyl acetate (30 L) and the aqueous
solution was extracted w:.th the same solvent (10 L x 2).
' The combined extracts were successively washed with 1 N
HC1 (10 L), saturated ag. NaHCO; (10 L), and water (10 L)
30 After being drled over MgSsoO, and concentrated in vacuo,
solid product (1765 g) was obtained whxch was washed with
ethyl acetate ( 15 L) and récrystailized from dioxane (9.5
L) to provide 514 g of pure ccmpo_un_d 3. ' From the ethyl
~ acetate washings, an additional 100 g of compound was
35 obtained after recrystallization f_fom dioxane. Thus, the



hydri des such as NaH and KH. (c) LDA/M tsunobu two-step

reaction: ' In a preferred reaction, aldol product 7b may be

conver t edwodsplzeananone 7 as the predom nant product unde®CIISISHHEM r al

M t sunobu reaction conditions. |In this reaction, di et hyl
azodi car boxyl ate (DEAD) was added dropw se to a solution containing
crude al dol product -~ .7b and t isphenyl phosphine at a tenperature-’
rangi ng between about . -10[err]C and about 40[err]C, . preferably

3222& Al ?ﬁb' ent c%'éxmntearrpséganer corr;liii‘tﬁ.lrﬁi‘fmnw}'x@f:hﬂz_a@ 1s@itical hatreaat i on

y rang en _abo mol e an 0 06(.Q4263
PCT/ US95/ 09804 aut entic sampli ]by comp%fgs%pl "dtf &‘S‘F ken%;ti):lingagou tlgér%gl e
and about 4 nolspectpescoplic data, was 29%.

. EXAMPLE 10: z.2-Dimethy1-5-nydroxy-6-propiony1-io-propyl-
5 2x,an-henzo[1,2fb=3;4eb']dipyranéa-oneH(4)z

‘In this Example, intermediate 4 was prepared in half

‘kilogram quantities from 3 via modification of the
‘reaction conditions described in Example 3. A mixture of
‘compound 3 (510 6 g, 1.85 mol) and 4 4-dimethoxy-2- _

10 methylbutan—z-ol (305 6 g, 2 06 mol) were dissolved in a

mixture of toluene (1.5 L) and dry pyridine (51 mL). This ‘

mixture was stirred and refluxed, water and MeOH formed

during the reaction were removed azeotropically via a

Dean-Stark trap. The reaction wags monitored by TLC.

i5 After 6 days, the reaction had proceeded to completion._

The nixture was ‘then cooled to ambient temperature and

'diluted with ethyl acetate (L) and 1 N HC1 (1 L). The

ethyl acetate solution was separated and washed with 1N

HCl (500 mL) and brine { lL) ' After being dried over Na,SO,

20 and evaporated in vacuo, a quantity of 590 g (93% yield)

" of compound 4 was obtained which was greater than 95% pure
without further purification and was compared with an
authentic sample by TLC and spectroscopic data. No trace
- of 6-acy1ated or's,é-bisacylated product was observed,

- 25 although'a small amount of 7-monoester did form.

EXAMPLE 11: 2-Oxooa1ano1ide A (7).
In this Example, chromanone 7 was prepared from two
alternative pathways involv1ng either a one~step reaction
. (procedure A) or a two-step reaction process (procedures
30 ‘B and c).

grooedg;e A. g ;a;dehgde OQe-stgp gg igg To a stirring
solution of chromene 4 (350 mng, 1.0 mmol) and PPTS (250

mg, 1.0 mmol) in 1, 2-d1chloroethane (2 mL) at ambient
temperature under N, was ‘added 3 mL paraldehyde (22.5
35 mmol) . The resulting mixture was refluxed for 7 h. Then,



al dol 7b. The anpunt of triphenyl phosphine used in the reaction

generally ranged- between about 1 nol e and about 10 m)l es S)r ferably
rangi ng beWQ@ePd26bout 1 nole and 5 about 4 noles, per ys
| nst ead of DEAD, ot her. reagents reported in the: ' Iiterature can be
enpl oyed such as diisopropyl azodi car boxyl ate (DI AD), dibutyl
azodi car boxyl ate (DBAD), di pi peri di noggzodi carboxam de, bis

(N[ err]-nethyl pi perazin-1-_,10 yl) azodi.carboxam de,

di nor phol i noazongmzﬂoxmnmﬂp, an adwithbhaNequimmylazoEWMrMamﬂB

TMAD d
'EI’I - n) E)ﬁ'[ H phosé*ﬁ g%a]lf&dﬁhydé d,)eEJ tﬁyﬁphbsgﬂ? mal me%Fﬁyl pﬁo 3 ne
and tri s(dpvernyghti no)Tlpﬁomona m uwas. memtralized with

Thereafter, thegaeaghtea &eﬁe&a@mm@b,wahh é%i:%éi:éd w1th atnpDi ABeeateri de
upon conpletlonégnd extr

acfed itable sp
acetate. TRe pobP@d™br §a|?3 e I%Eh‘-ﬁ% 9%?‘5‘%3%?%?&% ﬁggpora'E:QXn
concentrat ed i nundeno wedhiced prhssuredevadr wamhede ¥iths lpaxdriecd b¥he

fromthe - CEapHfRe wlf PSRN HyO00 i Hibmdeldihely SILRTREYEHK
and about 60% ﬁwﬁllﬁcﬁ%’éﬁlm%s@d%nt@méﬁﬁﬁé 00 mg (27% yigdd) 8fe,
but non-lim tinghreéManbBhes 7ofanazqo:%@owsd8y1e1d)fef 7d.he chrohinome by
reaction |ncl(5{ge11_(¥ran -dihydro-6,6,10,11-tetramethyl-4-propyl-
2H,6H,12H~-benzo(1, 2-b:3 ,4=b’:5,6-b"]tripyran-2,12~-dione)
obtained by this method was identical with an authentic
sample by comparison of TLC, HPLC and spectrcséopic data.

Procedure B LDA/Sulfuric Acid Two-Step Reaction: To a

15 stirring solution of chromene 4 (5.0 g, 14.6 mmol) in THF
(75 mL) at =30°C under N, was added 18.3 mL (36.5 mmol) of
2 M LDA in THF. After 15 min at the same temperature,
acetaldehyde (5.0 mL, 89.5 mmol) was added via syringe.
The reaction was monitored by TLC analysis. After 1 h,

- 20 the reaction mixture was quenched at -10°C with saturated
agueous NH,.C1l (75 mL) and extracted with ethyl acetate (125
mL x 3). The combined extracts were washed with brine
(125 mL) and dried over Na,SO,. Removal of solvents in
vacuo afforded a reddish oil of 7b (8.5 g).

25 . The crude 7b was dissolved in. acetic acid (100 mL)
and then 50% H,S0, (100 mL) was added with stirring. The
reSu.ltinlq mixture was heated at 75°C for 2.5 h and then at
50°C for 4 h. TLC analysis indicated that the starting
material had been consumed. The reaction mixture was

30 determined to contain both chromanone 7 and 10,11-cis~
dimethyl derivative 7a in a 1:1 ratio. After cooling to
ambient temperature, the reaction mixture was poured into
a mixture of ice water (500 mL) and ethyl acetate (500
mL). The layers were separated and the aqueous layer was

35 extracted with ethyl acetate (200 mL x 3). The ethyl



25 azodi carboxyl ate (DEAD), diisopropyl azodicarboxyl ate (DI AD),

di butyl azodi car boxyl ate (DBAD) , di pi peri di noazodi car boxam de, -
bi s ( N4- nNO96/08Rger az i n-| - yl ) azodi carboxani de,  PCT/US95/09804

di nor phol i noazodi car boxam de, and - NNNN N ' _

-t etranet hyl azodi car boxam de (TMAD). 30 Sui tabl e, but non-limting,
exanpl es of phosphorous derivatives_gablor the Mt sunobu reaction -
i nclude - tri phenyl phosphine,  tri-n-butyl phosphi ne,

t L i et Eyl ‘phosphiagetate bblutibykpheseheditbinedthd washed witdi Batiyheaano)
Phosphire. 3 aaupons e el RO kS kol “DeibeRCHURITS 1
WD 96/ 04263 vacuo, the product was purified by RNFAIBHINS(MYy on a
-19- _ silica gel column eluting with ethyl acetate/hexane (2:3)

5  to provide 850 mg (16% yield) of chromanone 7, which was
further purified by recrystallization from ethyi
acetate/hecane and was identical with an authentic sample
by comparison of TLC, HPLC and spectroscopic data.

_ Procedure C. LDA/Mitsunobu Two-Step Reaction: 1Into a
10 stirring solution of THF (10 nL) containing
' triphenylphosp_h-in_e- (1.27 g, 4.80 mmol) and the crude 7b,

obtained'. from chromene 4. (1.0 g,' 2.34 nmmol), 2.5

equivalents of LDA and 6.0 equivalents of acetaldehyde by

the proced,u:e- described above, was added dropwise diethyl

15 azodicarboxylate (DEAD, 0.77 mnL, - 4,89 mmol). The

resulting reddish solution was stirred at ambient

temperature under N, for 1 h, after which the reaction

mixture was guenched wi-tlfx' saturated aqueous NH,C1 and

extracted with ethyl acetate (50 mL x 3). 'The extracts

- 20 were washed with brine and dried over Na,SO,. After

removal of solvents, the cx_'ude product was purified by

column chromatography on silica gel elﬁtinq. with ethyl

acetate/hexane (2:3) to provide 412 mg (48% yield, based

on chromene 4) of chromanone 7, the predominant product of

25 the reaction, which was identical with an authentic sample
' by comparison of TLC, HPLC and spectroscopic data. |

EXAMPLE 12: (t)=-Calanolide A (1): .
- In this Example, (%)=-calanolide A was prepared in
multi-gram scale using the procedure described in Example
30 7. . To a stirring solution of chromanone 7 (51.5 g, 0.14
mol) in EtOH (1.5 L) was added CeCl,;(H,0); (102 g, 274
- mmol). The mixture was stirred for 1.5 h at room
temperature under N, and then cooled to =-30°C with an
ethylene glycol/H,0 (1:2 w/w) dry ice bath. After ‘the



wth the desired stereochem cal arrangenent. - In conduct i ng
the reduction reaction, a solution of chromanone 7 was added
dropwi se W@Be046x0l uti on of reduci ng agent, e.g., BEGHPSA$09804
borohydride and a metal 5 additive, e.g., CeC[err](Herr]O7 in
et hanol . The rate of : addition is such that the reaction m xture
tenperature is mai nt'ai ned within a tpnge of between about -40C and
about 60[err] C, preferably rangi ng between about 10[err]C and about
30[err] C. Ther egdriperatvee rwa?steqa.mlrmbttaﬁsa WS ~3l0°K, eftadh, a(30.3 g, 563
Lemperat ure rangiag helwect, about, -d0Lerd Cen ool il Gure  sor

I n general,
CeC [err] (H[ er rqq [ha,r @t phdsbntime the reaction matqueeam!ige\dmeﬁv@ew

about 0.1 and abp P ’El#t?ra&%e‘i{ eg,g@hy éﬁ}qhngc@@éweq x aput CGepp

about 1 nole, per sodium 1 I'n addltlon the

“anount of Bodi AFERARKS Here °°mbd(§|’(.5ﬁ’t' wesged HéFBhPHF-FGe(%nIp} AR qriedhe
reaction wrnhiso,,tangmh betruaan p’ftwurcto dbﬁ‘ihéd)obir Yemt¥ad, of

referably ran d _about I
E hr omanon)é gS&%fﬁ%B‘V@]eza Lﬁ%tucﬁgﬁ %Fe%\s?‘%ﬁ wa§0p2553§ #rlb’f'%gg%f mﬁrg%ﬁfcl ng
agents i ncl udesil\hﬁ-l[ gel] Eomm[lertq p(rlovide 53Blg [ @fr | mixture which

B SnH, ,
el e SR oo S

non-1imi t}fg, eldIPRCRE onanaNe A% | AT Y “Ihis material was
_ ' subjected to further purlficatlon by preparat:.ve HPLC to

afford pure (%)-calanolide A (1).

EXAMPLE 13: Chromatographic Resolution of swthetic
- (t)=-Calanolide A

p L | The s-ynthetic (£)~1 was resolved 1nto enantiomers,
' (+)-calanolide A and (-) calanolide A, by preparative
HPLC. Thus, using a normal phase silica gel HPLC column
(250 mm x 4.6 mm I.D. Zorbasil, 5 um particle size, MAC-
'MOD Analytical, Inc., PA, USA), the synthetic (%)-1
20 appeared as one _peak with a retention time of 10.15
minutes when hexane/ethyl acetate (70:30) was used as the '
mobile phase at a flow rate of 1.5 mL/min and a wavelength
of 290 nm was used as the uv detector setting. However,
on a chira_l HPLC column packed with amyldse carbamate (250
25 mmx 4.6 nm I.D. Chiraipak AD, 10 um particle size, Chiral
Technologies, Inc., PA, USA), two 'peaks with retention
times of 6.39 and 7.15 minutes in a ratio of 1:1 were
- observed at a flow rate of 1.5 nL/min. The mobJ.le phase .
 was hexane/ethanbl (95:5) and thé_ uv detector was set at
30 a wavelength of 254 nm. These two components were
sepai‘ated using a 'seini-prepa_rat_ive chiral HPLC column '
providing the pure enantiomers of calanolide A. The
chemical étru_ctures‘ of the s'epara'ted enantiomers, which
_ were assignéd based on their optical ‘rotations and
35 . compared with the report'ed' natural product, were
 characterized by spe_ctroscOp'ic data; HPLC chromatograms



CeCl[err], ZnCf[err], AICJ[err], TiC[err], SnC[err], and LnC[err] and
their 25 m xture with triphenyl phosphi ne oxide. In practici ns%gsw

i nvent i onWO268#26fh bor ohydri de as reduci ng agent and PCT/USY
CeC[err](Herr]OJferr] as netal additive are preferred. . .

Thereafter, the reduction mxture was diluted with - °~ water and
extracted with a suitable solvent, e.g., -gebyl 30 acetate. The extract -
was dried over a suitable drying agent, e.g., sodiumsulfate, and
concentrated. . (+)HealanolideeBuand niks @gtd.walmﬁermiaearqawhdwredrbylgure
conventi onal ans such as silica gel chronatography, usi ng

et hyl acet'at e/ hexane sol vent nixtures. 35 © Thus,
([err])-calanolide A 1, was successfully prepared with the desired

st ereochem cal (a.r)n-aaaamn&dbyatrmmrreﬁp 47-50°0\Q 108 O4268-48°C) ;[a)®p=
PCT/ US95/ 09804+68 8° (CHCl;, ¢ 0.7) (Lit. " [a)%p= +3¢9 6° (CHCl;, ¢ 0.5);
5 'H NMR (CDCl,) é 1.03 (3H, t, J=7.3 Hz, CHy), 1.15 (3H, d,
J=6.8 Hz, CHy), 1.46 (3H, d, J=6.4 Hz, CH), 1.47 (3H, s,
'CHy), 1.51 (3H, s, CH;), 1.66 (2H, m, CHy), 1.93 (1H, m,
H,), 2.89 (2H, m, CHy), 3.52 (1H, d, J=2.9 Hz, OH), 3.93
 (1H, m, Hyg), 4.72 (1H, 44, J=7.8 Hz, J=2.7 Hz, Hy,), 5.54
10 (1H, d, J=9.9 Hz, H,), 5.94 (1H, s, H;), 6.62 (1H, d, J=9.9 {
| Hz, Hg); C NMR (CDCly) & 13.99 (CH;), 15.10 (CH;), 18.93
(CH,), 23.26 (CHy), 27.38 (CHy), 28.02 (CHy;), 38.66 (CHp),
40.42 (CH), 67.19 (CH-OH), 77.15 (CH-0), 77.67 (C-0),
 104.04 (C,), 106.36 (G, and Cy), 110.14 (G;), 116.51 (G,
15 126.97 (C;), 151.14 (Cy), 153.10 (Cg), 154.50 (Cps), 158.88
©(C,), 160.42 (C=0); CIMS: 371 (100, M+1), 370 (23.6,M%),
353 (66.2, M-OH); 1R: 3611 (w) and 3426 (m, broad, OH),
1734 (vs. C=0), 1643 (m), 1606 (m)'and 1587 (vé) cm!; UV
Ay, (MeOH): 204 (32,100), 228 (23,200), 283 (22,200), 325
20 (12,700) nm; Anal. calcd. for CyuyHyOs1/4H,0: C, 70.47; H,
7.12; Found: C, 70.64; H, 7.12.

(-)-Calanclide A (1): mp 47-50°C; [@¢)*P=~75.6° (CHCl,, ¢ 0.7)
Lit."%[a)?®P=~66° (CHCl;, C 0.5); 'H NMR (CDC1;) § 1.03 (3H, t,

=7.4 Hz, CHy), 1.15 (3H, d, J=6.8 Hz, CH,), 1.46 (3H, d,

25 J=6.3 Hz, CH;), 1.47 (3H, s, CHy), 1.51 (3H, s, CH), 1.66
' (2H, m, CH,), 1.93 (1H, m, Hy), 2.89 (2H, m, CH), 3.50
(1H, d, J=2.9 Hz, OH), 3.92 (1H, m, Hy), 4.72 (1H, 44,
J=7.8 Hz, J=2. 7 Hz, Hy), 5.54 (1H, d, J=10.0 Hz, Hy), 5.94

(m, s, Hy), 6.62 (1H, 4, J=10.0 Hz, Hy); Be NMR (CDCl;) &

30 - 13.99 (CHy) , 15.10 (CH,), 18. 93 (CHy), 23.36 (CH), 27. as
(CH;), 28.02 (CH;), 38.66 (cu,), 40.42 (CH), 67.19 (CH-OH),

77.15 (CH-0), 77.67 (C-0), 104.04 (C,), 106.36 (C, and

Cra), 110.14 (C;), 116.51 (Cy), 126.97 (C;), 151.14 (Ca),
153.11 (Cy), 154.50 (Cp), 158.90 (C,), 160.44 (C=0); CIMS:



of the key internmediate chronene 4 with acetal dehyde di ethyl acetal |
or paral dehyde in the presence of - trifluoroacetic acid gwﬁé I di ne
or a two-sWVEP60E83t | on i ncl udi ng al dol ‘reaction withP&& &g éﬁ/de and
cyclization 5 either wunder acidic condition or neutral Mtsunobu
condition to produce chromanone 7, fol.lowed by Luche . reduction via
chromanone 7 (see Schene I1). ' As7al ternative route for preparing
()-cal anolide A from«cchromene 4 was attenpt ed. A
Robi nson- Kost an8@®i (26.2, ruatibo&7©n(ﬁlvﬁmM kﬂﬁﬂﬁbﬂé@OW|Mh0§bdlGﬁlaééﬂate
in refl UX'(HQ qg&tdgs ggsprgdaged 1%'1‘%”‘3(1:5 |an §5m) and 0%
I fon omev fford

yield (see Schene I

([err])-cal.anol A8&4 AVSIheR s rﬁr“ @SRERG 200 K20, 5°°)bo?aﬁydﬁﬁdé°°)'
reagents and sogzestr agpsjsoo), mﬁxd (edysoop him; asanls,caledunudy kegause

ook Bt B PHBR D 09 1. 4730008, CSRURRE e S0ETL e gy

~ring cleavage “while tri-n-butyltin hydride reduce enone 5 into enol 6
'n a mode hduzo gmrtka ﬁgﬂbbﬂﬁiéﬂbaf“ i‘fi‘lci’iﬁé‘fiwvﬁ”t I on,
met hods for resoIV|ng E anol | Alnto 1ts optically actlve
f or ns, (+) calanol | &@ A ¥ nAtirred, syspension (£)=

Calanolide A, prepared by the method of the present
. invention, and vinyl butyrate (0.1 mL) in hexane (0.5 mL)
10 at ambient temperatﬁre was added 1 mg of lipase PS-13
(Pseudomonas Species) (Sigma Corporations,-st. Louis, MO,
USA). The reaction mixture was stirred and monitored by
conventional means such as TLC analysis. At 10 days, an
_ additional 1 mg of lipase PS~13 was added. After stirring
15 = for a total of 20 days, the reaction was stopped bacause
there was no obvious increase in ester formation. The
- enzyme was filtered out ond the filtrate'was concentrated
to dryness. The residue was analyzed by HPLC (see Example
13), which showed that 21% of (-)-calanolide A had been
20 converted into its butyrate ester form (Scheme IV). The
enriched (+)=-calanoclide A and the butyrate ester of (-)-
calanolide A can be eagsily separated by conventional means
such as column chromatography. The enriched (+)-
calanolide A may be repeatedly treated with vinyl butyrate
25 and lipase PS-13 as described above so as to obtain high
e.e., of (+)-oalanolide A.

.~ EXAMPLE 15 In Vitro evaluation of (+)- and (-)-
: oalanolzde A o

, This example illustrates the antl-HIV viral activity
30 of the synthetic (t)-calanolide A and its pure
' 'enantiomers, (+)-calanolide A and (-)-calanolide A, were
evaluated ﬁsing the published MIT-tetrazolium method.®
Retrov1ral agents, AZT and DDC, were used as controls for
comparison purposes.



provi ded. In one nethod, ()-Calanolide is resolved by hi gh
performance |iquid chromatography (HPLC) with organic 25 sol vent system
as a mbi“@%ﬁﬁdﬁé. PLC is perforned on a col um pREXABIHPBO4 chi r al
“packi ng naterl- |table but” not limting, exanples of chiral

packi ng ng de anyl ose carbamate, D-phenyl gl yci ne,

L- phepy D | euci ne, L-Ieucikge, D naphthylal ani ne,

L- napQRt& e, 30 L- napht hyl | euci ne. These materials may be
boundey, ei t The Imml ugedr foovalarddning Ovéré | €ReSMISEVANdi €He

el Labl o but RuRAR 28-DenbRGR 3008 a UM Sth D Uik Bng werp. grann

Sui t abl e, but non-

cycl ohexane, etlﬁyIRPd‘&Tet 4640 mdrwnmsumlemmmowitm 1030 pf b ol vAMY
m xtures theregbat-ThactBbated fetaDhases Ngurbe B a2%%f containghat 160

E%;PU%BE? ggg4851ts/ml penICIQiln, 100 pg/ml streptomycin, 25 mM HEPES
and 20 pg/ml gentamicin. The medium used for dilution of
drugs and méintenance of cultures during the assay was the
same as above. The HTLV-IIIB and HTLV-RF were propagated
in CEM-SS. The appropriate amounts of the pure compounds

10 for anti-HIV evaluations were dissolved in Dusd, then
diluted in medium to the desired initial concentration.
The concentrations (ug drug/hL medium) employed were
- 0.0032 ug/mL; 0.001 ug/ml; 0.0032 ug/mL; 0.01 ug/mL; 0.032
ug/mL; 0.1 ug/mL; 0.32 ug/mL; 1 ug/mL; 3.2 ug/mL; 10
15  ug/mL; 32 ug/mL; and 100 ug/mL. Each dilution was added to
plates in the amount of 100 ul/well. Drugs were tested in
triplicate wells per dilution with infected cells while in
duplicate wells per dilution with uninfected cells for
evaluation of cytotoxicity. On day 6 (CEM-SS cells) and
20  day 7 (MT-2 cells) post-infection, the viable cells were
measured with a tetrazolium salt, MTT (5 mg/ml), added to
the test plates. A solution of 20% SDS in 0.001 N HCl is
used toldissolve the MIT formazan produced. The optical
density” value was a function of the amount of formazan
.25 prdduced which was proportional to the number of viable
cells. The. percent inhibition of CPE per drug
concentration was measured as a test over control and
expressed in percent (T/c%). The data is summarized in
Figures l(a-e), 2(a~-e), 3 (a-e), 4 (a-e), and 5(a-e).
30 Figures 1(a) to 1(e) illustrates in vitro MMT assay
results using an isolate, G9106 HIV viral strain®, which
is AZT—resistant. The data shows that (-)-calanolide A .
was relatively non-toxic at concentrations of 1 ug/mL but
exhibited very little antiviral effect. Moreover, (+)-
35 calanolide A was effective as (+)-ca1anOlide A in reducing
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-21- conti muous gradient systems at flow rates g&_@er ally

rangi ng between about 0.5 nL/m n. and about 5 Anot her
met hod f orWOS§@#268ng ()-cal anolide A into US98
forms involves enzyne-cat aI yzed 5 acyl 5. In
practicing this invention, " enzyne-cata of
()--calanolide A is pref erred. The enaymatic resol ution nethod
enpl oys enzynes such as |ipase CC (Candida Cylindracea), |ipase AK

(Candi da Cyli ndvderad) CHB.pases fekpecstret daALTY | hadlr bbet)e €6 nol eggeetP3n
(Focudomonas SPedishng W1gsd (Br(280°bHhbhling ooy PERbLERESE N

. (Rhi zopus ni eveui s e PP (Porcine
Pancrease), pig (por@n’-ﬁé‘}'es 2(al)l Fer 2é§t)e|1&§»BSFPEEFS ghgviityer MTcpSHaY

powder (PLAP), g@esults s:ulihql m.lmpzThivaiﬁllf ee¢raRaywRikar wﬁ%en'o% bhe-

cnzyre: 155 CohIngtsd JEASWAR | ARSChRedd, MRSGERY Serdih UBs,
cellite, ol e_cuIsanss.w:evestoth’I'orTMdla&agelsesshpwed thate (al)secadanbdddat ed
Chensc on | he” AN doiA AT Hon-tox ] RURARGRE LIS IR
t he enzymebut exhibited very llttle antiviral effect. (+)-calanola.de
A was nearly as effective as (+)-calanolide A in reduclng
10 “viral CPE.

Figures 3(a) to 3(e) illustrates in vitro MMT assay
results using A-17 HIV viral strain® which is resistant to
to non-nucleoside inhibitors scuh as TIBO and pyridinone
but is sensitive to AZT. The results here parallel those

15 shown in Figures 2(a)-2(e).

Figures 4(a)-(e) and 5(a)=-(e) illustrate in’ vitro MMT
assay results using lab cultivated HIV viral strains IIIB
and RF, respectively. The results here also parailel those
shown in Figures 2(a)=-2(e).
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The enzymatic acylation reaction is carried out in t he presence of an

acyl ating agent. Suitable, but not limting, exanples of acylating
agents iwogsdesi nyl 25 . acetate, vinyl propionate, \PCEUSIS9yr ate,
acetic anhydri de, propionic anhydride, phthalic anhydride, acetic ’
acid, propionic acid, hexanoic acid or octanoic acid. The enzynme
reaction enpl oys at | east one nole of acykgtlng agent per nole of
()-calanolide A Acylating, agent can 30 e used as a solvent in the

acyl ation reacg?gﬁggﬁggg.a co-. - sol vent wi:th anot her- sol vent such as
hexanes, chl orofor enze killed in the art

e
will appreC|at% thS% ?%E%ﬁYE eg?%QESEﬁuQE&QﬂuﬂWQkfﬁF%%. Teendg
conventional 35  ether iATiDSat Epidemims ianctlee| United! \Statdeg| ySetetye | he
enzynmes so as to prggyfe zgglrgﬁL ;pantioneric_excess, - _MO 96/ 04263

PCT/U895/09804 . _
b. Brain, M.M.; Heyward, W.L.; Curran, J.W., The Global

Epidemiology of HIV Infection and AIDS, Annu. Rev.
Microbiol., 1990, 44, 555-577. '
2a. Weislow, 0.S.; Kiser, R.; Fine, D.L.: Bader, J.
_ Shoemaker, R.H.; Boyd,'M.R;;-New-SOIuble-formazan
10 Assay for HIV-1 Cytopathic Effects: Application to
High-Flux Screening of Synthetic and Natural Products 4
of AIDS-Antiviral Activity. J. Natl. Cancer Inst.,
1589, 81, 577-586. _ '
b. Mitsuya, H.; Yarchoan, R.; Broder, S., Molecular
15 Targets for AIDS Therapy. -Sciehce, 1990, 249, 1533~
- 1544. o -
‘c. Petteway, S.R., Jr.; Lambert, D.M.; Metcalf, B.W.,
The Chronically Infected Cells: A Target for the
Treatment of HIV Infection and AIDS. Trends
20 Pharmacol. Sci., 1991, 12, 28-34. -
d. Richman, DQD., Antiviral Therapy of HIV Infection,
Annu. Rev. Med., 1991, 42, 69-90. ' .
e. Haden, J.W., Immunotherapy of Human Immunodeficiency
Virus Infection. Trends Pharmacol Sci., 1991, 12,
25 | 107~111. _
f. Huff, J.R., HIV Protease: A'Novel Chemotherapeutic
Target for AIDS. J. Med. Chem., 1991, 34, 2305-2314.
g. De Clercq, E., HIV Inhibitors Targeted at the Reverse
Transcriptase. AIDS Research-and Human Retroviruses,
30 1992, 8, 119-134. . .
3. Kashman, Y.; Gustafson, K.R.; Fuller, R.W.;
cardellina, J.H., II; McMahon; J.B.; Currens, M.J.;
Buckheit, R.W., Jr.; Hughes, S.H.; Cragg, G.M.; Boyd,
M.R., The Calanolides, a Novel HIV-Inhibitory Class
35 of Coumarin Derivatives from the Tropical Rainforest



-22- optically active (+)- or (-)-calanolide Ain free or
esterified form The esterified calanolide A-may be  h droI zed

chemi cal | ywowé/edzsymatically into the free form Sui t aBCEUSHI8Mot
limting exanples of solvents for use in 5 the enzymatic hydr ol ysis
reaction include water, suitable - aqueous buffers such as sodi um
phosphate buffers or al cohol s such ag et hanol or et hanol . '
In yet another enbodi nent af the invention, a met hod for treating or
preventing viral infeede OtaleépHid Ith laniyeruand(- He@al chéml 0P993, 35,
provi ded. ()-Cal anol 'P:’e%ﬁ%ﬁ]fﬂ (-)-calanolide A have not been reported
before for their V activity. It has been discovered that ()-

cal anol'i de A i nhi bi tBoydurah RvmNakisinal lancex Instijpsel Personad V- 1)
with ECerr] value t@&m@m@gr{mtel y half of that 15  for
. (+)-cal anol i de A - cal anol ide Alis I nacti ve_agai nst

HIV-1, it Yoes ot e%’ﬁ’lﬁ’fasﬁre'r g‘f%?‘?'c L. 7 e?*@ﬁl%?ﬁi%xl%ﬁy' Jreyer,
(+)-cal anol i de A Gl of Potalosgnthesiskidf e(tt) #Calencliden Al, apNae+ ate

ol U e I SRS R i ie

. . J. Org. Chem. 1993, 58, 5605—5606.-

6. Sethna, S.; Phadke, R., The Pechmann Reactlon.

10 . Organic Reactions, 1953, 7, 1-58 and references cited
~ therein. _ '

7. Crombie, L.; Jones, R.C.F.; Palmer, c..:r.,' Synthesis
of the Mammea Coumarin. Part 1. The Coumarin of the
Mammea A, B, and C Series. J. Chem. Soc., Perkin

15 Trans. 1, 1987, 317-331. -

8. - Barton, D.H.R.; Donnelly,D.M.X.; Finet, J.P.; Guiry,

' - P.J., Total Synthesis of Isorobustin. Tetrahedron |
Lett. 1990, 31, 7449-7452. _ .

9. Kovacs, T.S.; 2Zarandy, M.S.; Erdohelyi, A.,

20 -+ cyclization of the Enol Esters of o-Acyloxyphenyl
' Alkyl Ketones, IV. A Kei\etic Study of the Steps of
the Kostanecki-Robinson Reaction. Helv. Chinm. Acta,
-1969, 52, 2636-2641. _
10.  Fung, N.Y.M.; de Mayo, P.; Schauble, J.H.; Weedon,
;28 A.C, Reduction by Tributyltin Hyhride of Carbonyl
o c°mpounds Abscrqu on Silica Gel: Selective Reduction
of Aldehydes, J. Org. Chem. 1978, 43, 3977-3979.
11. Hughes, D.L., The Mitsunobu Reaction. . Organic
- .Reaction, 1992, 42, 335-656 and references cited
30 - therein. . 5 .

12. Gemal, A.L.; Luche, J.L., Lanthanoids in Organic
Synthesis. 6. The Reduction of a-Enones by Sodium
Borohydride in the Presence of Lanthanoid Chlorides:

.. Synthetic and Mechanistic Aspects. J. anm. Chenm. Soc.,

35 .- 1981, 103, 5454-5459. '
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A, to inhibit the growmh or replication of viruses in a manmmal .

Exanpl es of mammal s include humans, primates, bovi nes,. ovi nes,

por ci nes, wd ssl04263S, cani nes, etc. Exanpl es of vi r uPRCT/GRIY098HE| ude,
‘but not limted to, H V- 25 1, HIV-2, herpes sinplex virus (type 1 and
2) (HSV-1 and 2), varicella zoster virus (VzV), cytonmegal ovirus.
(aw), . papilloma virus, HILV-1, HTL\-Z, feline |eukem a virus
(FLV), avian sarcoma viruses such as rous sarcona virus (RSV),

hepatitis types 4y E1vé?:‘]}1'ﬂﬁ:éﬂ%f1%t 203 mii1Ak Wi‘kah&Q beén’ l#itblafsh@dl rmses
neasl es, nunps and rubél I.a Vir Jlt\)f) r‘?fe abl un

the present inventidpe 1 qtr“’i?e' SRR NRa Ty ﬁ %I ﬁg@ﬁ%@ﬁw ﬁ
retrovirus. Pr &f.er adicKeehe TonpdundBoyd,t hn.prksentReswlsm:Qm wnd  be
used to treat a hu %%%qdve%gfgiﬁf&%ﬁumod or'ERd Apant Hnersflbs

treatnment) wi th the hurman 1 nmuno | Cl.ency VI rus

Ith
 prophyl act cal | y or Gadangiddesc A apd B. 1%996}‘@4726&'1191‘!- Lett. 11995,

PCT/ US95/ 09804 S5, 1011-1014.

14. Deshpande, P. P., Tagl:.aferr:.,'F'.; Victory, S.F.;
Yan, S.; Baker, D. C., Synthesis of Optically'Active
Calanolides A and B. J. Org. Chem. 1995, 60, 2964-
10 - 2965.
15. For a review, see Nlelsen, A.T.; Houl:.han, W J., The
aldol candensatlon. Org React. 1968, 16, 1-438.
16. For rev1ews, see: .
_ ' (a) Mukaiyama, T., The Directed Aldol Reaction. Org.
15 React. 1982, 28, 203-331.
' (b) Reetz, M.T., Chelation or Non-Chelation Control
in Addition Reactions of :chiral a- and f-Alkoxy
Carbonyl Compounds, Angew. Chem. Int. Ed. Eng.
1984, 23, 556-569. o "
20 (c) Shibata, I.; Baba, A., Organotin Enolates in
Organic Synthesis. Org. Prep. Proc. Int. 1994,
26, 85-100. |
17. For a review on chiral titanium complexes, see
Duthaler, R.0O.; Hafner, A. ,' Chiral Titanium Complexes
25 for Enantioselective Addition of Nucléophiles_ to
Carbonyl Groups. Chem. Rev., 1992, 92, 807-832 and
reference cited therein. .
18. For a review on chiral boron complexes, see Paterson,
L.; Goodman, J.M.; M., Aldol Reactions in
30 | Polypropinonatc Synthesis: High w-Face Selectivity
of Enol Borinates from a-Chiral Methyl and Ethyl
Ketones under Substrate Control. Tetrahedron Lett.
1989, 30, 7121-7124 and references cited therein.
- 19. Tsunoda, T.; Yamamiya, Y.; Kawamura, Y¥.; Ito, S.,
35 Mitsunobu Acylat:.on of Sterically Congested Secondary
‘Alcohols by N,N,N!, N!'-Tetramethylazodicarboxamide-



- 23- : An advant age of certain conpounds of the present

invention is that they retain the ability to inhibit . ---:certain HV RT
nut ant s whWEH684263 r esi st ant. to other non- . .. cucl egsité | PAEUSIYYBL such
as TIBO and nevirapine or 5 resistant t Tg‘\,gpa%%épsj:.'qg i nhiYitors. This is
advant ageous over the current AIDS driyg t REFeDy, e biol ogi cal

resi stance often devel ops to nucl eosi de Sed in ~the irnhibition
of RT. Hence the conpounds of the present invention are 10

particul arly usef ul - Tiilutey Yphevsph iroen Readertai.neMetobhedroni DEEEL i yBDY t he
human i mmunodefi ci engy Vidds.suh al so in the treatnent of consequent
pat hol ogi cal conditions associ ated with Al DS. Treating AIDS is -
defined as  2@ncIERAMLWSRA, Rorl -I7i MrMaBione,J 1B caSttadey ,wPd6. s Megani 15
st at ets oftHI Vi nLectRm.'; Aok, Ai{?_QR.bOtm S!ﬂiﬁh?%ﬁﬁ%eé”%ultl::iparamet r
asynptomatic, and acfu or patentjal .expgsure to . or ex e,
t he corrpouéﬁds of th%paa#%?ﬂi%[ﬁraréntéeég? il#ug Screeninga iﬂfec‘f’ra{r;\plof
HV after suspected Matiuxise 1991 B3, 87-100s. g., bl ood transfusion,
exposure to patigent fdRfgk, B.A.; Darby, G.; Richman, D.D., HIV with
reduced Sensitivity to Zidovudine (A2T) isolated
_ during'Pro;onged Therapy._Science, 1989, 243, 1731~
10 1734. S . :
22. Nunberg, J.H.; Schleif, W.A.; Boots, E.J.; O’Brien,
J.A.; Quintero, J.C.; Hoffman, J.M.; Emini, E.A.;
Goldman, M.E.,  Viral Resistance to Human
Immunodeficiency Virus Type 1-specific Pyridinone
15 . Reverse Transriptase, J.Virol., 1991, 65, 4887-4892.
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20 during surgery or an accidential needle stick. 3 Antiviral
([err])-calanolide A and '(?é cal anol i de A may be fornul ated as a
b

sol uti on OVOP6/@Réd | i.zed powder s f or parent eraleﬁers
" by addi't:i on Suitable _

may be reconstd-taf edss ¥

~other 25 mbrmc\ﬁubﬂéal J_(y-a‘accept abl e car r| er pri orTl ht’BHasBee

liquid for lati &R enerallyabuffere_ql, J sotoni c, w m -
-sol ution. es of sujtable diluents are sal i ne
sol ution, stanm_&m_w : water or.in buf

ammoni um acet at e ‘sol ution. 30 Such fornul ation; is especially sui tabl e for
parenteral admini stration;, but may also’ be used for oral

adm nistration. |t Ivay. Bequatﬂoe' ttheaﬁtelpamamlem of (+)-cml®knoa5.de

ol yvi nyl pyrrol m xpgcel.l ul ose ~acaci a,
Bol zet hzl E%e glyycol rr%agﬁ'ﬁ Igjﬁe %P%mﬁchl oride or 35 sodiumcitrate.
WD 96/ 04263 (a) " condéns: - ethyl . bptynydmsretesye and

5 phloroglucinol in the presence of ai}: acid catalyst to form
5,7-dihydroxy=-4-propylcoumarin; '

(b) acylating 5, 7-dihydroxy-4-propylcoumarin with
prop:.onyl chloride in the presence of a Lewis acid to form
5,7-dihydroxy-8-propiohyl- 4-pr_'opylpoumar1n H

10 (c) reacting 5, 7-_di'hydj::"ox'y.-8-propionyl.-4- ‘
propylcoumarin with 4, 4-dimethoxy-z'f;methylbutan-z-ol so as |
to produce Srhydroxy-z,2-dimethyl-,ﬁ_-propionyl-10-propyi-

2H,8H-benzo[1,2-b:3,4~b’ ]—dipyran-za'-:-éne,' e

(d) reacting 5-hydroxy-2 ;2—dimethyl-s-prdpionyl-lo-

15 propyl-2H, S'H-benzo[l 2-b:3,4-b’)~dipyran-8-one with
acetaldehyde diethyl acetal in the presence. of an acid
‘catalyst to form 12~-oxocalanolide A, ‘and

(e) reducing 12-oxocalanol:.de A so as to form (%)-
calanolide A.

20 2. The method of claim 1 , wherein the acid catalyst
comprises sulfuric acid, trifluorocacetic acid, or
methanesulfonic acid.

3. 'I'he method of claim 1, wherein step (e) is

performed with a reducing agent compr:.s;né sodium

25 borohydride, zinc borohydrlde, borane, or selectrides in

the presence of a metal additive comprising Cec1,(H,O),,

| ZnCl,, AlcCl,;, Ticl,, snCl,;, or LnCl, or the:.r mixture with
triphenylphosphine oxide.

4. The method of claim 1, '.wherei'n step (a) acid
30 -catalyst comprises sulfuric acid, trifluoroacetic acid,
methanesulfonic acid, or trifluoromethanesulfonic acid.

* ¢ L M 5 %



- 24- Ad‘t‘e‘r’rTam cgmn.aumd—s—ef-—'t’he present invention
may be encapsul at edThlgggktmﬂeeﬁke;ﬁmbgrsqmgnhaﬁ B&ulisi on (oil-in-water

or wat ewo 96/a2é3) oral REPLACEEINI ni strati ol'ﬁTlUS95/09804 _
Phar maceutical ly acc or S——tqutd . carriers, which are
generally known in

armaceutical fornulary arts, nmay be added
to enhance or stabilize the conposi t or to facilitate prepar ation
of the conposition. SQlid carriers include starch (corn or

potato), |actose, cagm ur@ﬁglﬁ@tﬁo&ilbfdbihﬂm her ihetei®d step (b) LeWJ.S
croscarnel | ose sogd

pectin, acacia,2% un&w ne5| 360§f‘§§i?'al t4$2%h3c' o cq'd B§I§%& LR qwd

carriers include syrup, peanut 0| |, olive oil, saline and water. ~The

carrier may al so mcé ude @-H droﬁfsﬁaénﬁgméﬁhﬁii%—@toﬁ'oﬂ ls%]-‘?ﬁﬁoe% yceryl

nonost earate 15 or glyce nmount
of solid carri e?HMT%%nmE + 3TRY Br4eth |] ~ddRYT AR dranfeen about 10 ny
to about 1 g per dosage uni t . The dosage ranges for

_? ﬂg‘sgl f grgé Iogﬂcgf an,}l vi rg | -Dlhydt(gxy ag-a;pzpclaﬂidceny -aA-pz(op?ylcc%lu%g%lllnqe Aare
8 - A method for the preparation'of (%) -calanolide
A comprising steps of:
(a) reacting chromene 4 with paraldehyde in the
presence of an acid catalyst to form chromanone 7; |
10 . (b) reducing chromanone 7 so as to form (%)-
calanolide A. '

9. The method of claim 8, wherein step (a) acid

catalyst comprises trifluoroacetic acid,

_ trifluoromethanesulfonic acid, methanesulfom.c ac:l.d, or
15 pyridinium salts thereof. '

10. The method of claim 8, wherein step (b) is
performed with a reducing agent comprising sodium
borohydride, zinc borohydride, borane or selectrides in

. the presence of a metal additive comprising Cec13(sz)-,,
20 ZnCl,, AlCl,, Tici,, snCl;, LnCl; or mixtures thereof with
triphenylphosphine oxide.

11. A method for the preparat:.on of chromene 4
compr:.s:.ng the steps of:
(a) acylating 5 7-dihydroxy-4-propylcoumarin with
25 propionic anhydride in the presence of a Lewis acid so as
to produce 5, 7-dihy_droxy-a-propionyl-‘-4-prop’yléoumar in;
| - (b) reacting said 5,7-dihydroxy-8-propionyl-4-
propylcoumarin with 4,4-dimethoxy-2-methylbutan-2-ol in
the presence of a base so as to produce chromene 4.

___‘__________’_—————.

| ) O 0



20 t he desired affect wher eby. qumLoms of infection are

anel i or at ed. For exanple used herei'n, a '
phar maceut woaikig26ef f edhip F e V i nf ect | on ref er sPCT/USIS/9804t he N
amount adm ni stered so ]E an-anmount . - whi ch suppresses  or
inhibits segé8nhdary i ' syncytla formation or by _

circul ati ng”vi '_ri-'us throughout t he peLl d duri-ng which HV infection is-
evi denc such ags by presence of ant | - HI V anti bodi es, . presence of

cul tug Vi I 45 andnar RER6E ef eiélﬁnngewnéfemt ge&ﬁ ta abegbs

pre nti-H_.V anti bodi es g et erm ned_throu

st a | SA BPi9eSPBPRIBPEALS Hyé BrGles 'BF:" POfrsi °§p§2§,4°

anti > , anti-tat, anti-p55, anti-pl7, anti-bodi es, etc. The dosage
will denerally vary ygth ' t t fedd,on he

body wei ght and % gg%n 8FP88. ?gt %gtr?slm |]T1 %ez%eoa.?x exaerR)I ‘eb) #’rﬁﬁe

tol erance. 35 compri8€sge wPYridinepe deﬂadﬁne&mylamémxreddmof any
adverse sige ef £8of &t Y REGOTPARY, §b@ £OBRYIMenilTine,  1,5-

diazab1cyclo[4 3,0]lnon-5- ene (DBN), 1,8~
diazablcyclo[s 4, O]undec-7-ene (DBU), sodium carbonate or
sodium bicarbonate.

14.. The method of claim 11, wherein step' (b) is

10 conducted in the presence of a solvent comprising N,N-
dimethylformamide (DMF), toluene,. 1,2-dichloroethane and
THF. -

- 15. A method for preparation of aldol product 7b

comprising reactihg chromene 4 with acetald‘ehyde in the

15  presence of a base or metal complex so as to produce said
aldol product 7b.

16. The method of claim 15, whezfein the base
comprises a metal hydroxide, a metal alkoxide, a metal
hydride, a metal amide, an amine, or LiHMDS.

20 17. - The method of claim 15, wherein the metal
complex comprises TiCl,, (i-Pro0),Ticl, (i-Pro),Ti, PhBCl,,
(n-Bu),BCl, BF,;, (n-Bu),SnCl,SnCl,, ZnCl,, MgBr,, or Et,AlCl.

18. The method of claim 17, further comprising a

chiral auxiliary = comprising - 1, 1'-binaphthol,

25 norephedrinesulfonate, camphanediol, diacetone glucose or
dlalkyl tartrate.

19. _-A_ method for preparation of chromanone 7
comprising cyclization of aldol product 7b in the presence

* € L mos  x



WO 96/ 04263 cgﬂ .~ _PCT/ US95/.09804
- 25- S almayﬂmﬂbs# ever pOsE, Nagver se
si de ef f eIV@ 964263 m n mﬁmm One skil sllrgé E&ﬁ% C‘EE?*?S@%'M y

determ ne the scheduje ~of

adm nistration 5 for t he exact forrrul ation of the conposi tion- be| ng used
i n order to achieve the desired effeg§jxve concentration in .. the

i ndi vi dual patient. Howeves, the dosage can vary from bet ween about

0. 001 ny/ kg/ dayot OambauidSGrmj./rﬂ(gﬂf&aypréBEnce of parf azaeblympeundeandbaut

0.01 to about Jp&%&q{éi tive The pharmaceutical conposition may
contai n other p arm:euefl cals 1'n conjunction wth antiviral  ()-

calanolide A and.  (-)-calanolide A to t reat

(therapeutical ly or y.0phsHeicinettday) ok Dslaiﬁor 19xanmherem t1é hedcia
phar maceuti cal S.JB 1nc| ude, b% are not ot.her nt|v4ral

31 ted b 16
conpounds (e.g.% 1S&3c, B ¥C 3TC"'°" XPG\?FP OT g5 cyclARA
fl uori nat sl nur:t'leﬁiud:asoaaeﬂlc acddic| eomd@hanelsoglf:onpwnds@emq, such

as TI BO der| Va&ﬁ)?fluoromeﬁfa‘ﬂéﬁﬁfﬁlc aE?&r ] p-fgé'y‘ffé Qeid,288etic acid

r econmbi nant
or mixtures thereof.

21. The method of claim 19, wherein the azo compouhd

- comprises diethyl azodicarboxylate (DEAD), diisopropyl

10 = azodicarboxylate (DIAD), dibutyl azodicarboxylate (DBAD),

dipiperidinoazodicarboxamide, bis (N‘~-methylpiperazin-i-

yl)azodicarboxamide, dimorpholinoazodicarboxamide, or
N,N,N/ ,N'-tetramethylazodicarboxamide (TMAD) .

22. The method of claim 19, wherein the phosphorous

15 derivative comprises triphenylphosphine, tri-n-

butylphosphine, triethylphosphine, tr:.methylphosph:.ne and
tris(dimethylamino) phosph:.ne . '

23. A method of preparation of chromanone 7
comprJ.sJ.ng treatz.ng czs-chromanone 7a with a base so as to
20 form chromane 7.

24. The method of claim 23, wherein the base
comprises a metal hydroxide, a metal alkoxide, a metal
hydride, a metal amide, an amine, or LiHMDS.

25. A method of chiral resolution of (+)-calanolide
25 A into its optically active forms, (+)-calanclide A and
(-)-calanolide A, comprising passing (+)-calanolide A
through a column comprising a chiral solid phase using an
organic solvent system as a mobile phaée. '

A



I mmunosti nul ant's (e_g———py¢+d+ﬁeﬁes——BHAP, HEPTs, TSAGs, 20 -a-APA

vari ous |nterleuk|ns t oki nes), I mmunonodul at.ors and

anti bi ot i (WO@604263 aht Re lated antifungal, anti - pRETHBWPRM; 5
. agents). Adn1n|strat| | - |nh|b|tory conpounds wi t h ot her
. anti-retrovir agqnt t agai nst other H 'V proteins such as.
L : ~:i ntergrase and TAT wi || ggﬁﬁrally i nhibit nost or al
ﬁﬁ hvVé stages of the yiral life cycle. " I'n addition, the
pounds of _the- ‘pr erent Tﬂweﬂétﬂﬂd of cHifm uasf Ulwl'ﬁei'élfip|§a§@d/c@xr1ral
reaqggLsafﬁ’stud h|b|t|on ﬁtrOVIr ever rayafrl tases
For exanple, t asienSPH‘RFls(?ﬁnﬁM e %%'T j)' ot

reverse tnﬁphanyngkxnaneHeDeéguchaeLnsfbemcrmmpaummyhxhyhammhﬂneas

a structure- act %ﬁhﬂﬁyeg|%ﬂ$ﬁ§ gﬁ@ahabﬁehyﬁ9e35¥ﬂ¥% _select and/ or

desi gn ot her e follow ng exanpl es
are iIIustratlve and do not 35 serve to limt the scope of the invention

as claimedg - 27. The method of claim 25, wherein the column
comprises an HPLC column.

co

28. The method of claim 25, Whe?ein the chiral solid
phase comprises amylose carbamate.

_ 29. The method of claim 25,-wh¢rein a mobiie phase
10 comprising hexane, heptane, cyclohexane, ethyl acetate,
methanol,_ethanol,_isopropanol or mixtures thereof.

30. The method of claim 29, wherein the mobile phase
comprises a mixture of hexane and ethyl acetate.

_ : 31. A method for the chiral resolution (i)-
15 calanolzde A comprLSLng the steps of. '_

(a) contactlng (+)-calanolide A with an enzyme and
an acylating agent to as to form a diastereomeric mixture
of esterified.and unesterified calanolide A; and

(b) separating out the esterified calanolide A from

20 the mixture.

_ 32, The method of claim 31, wherein the enzyﬁe
comprises 1lipase cc (Candida Cyllndracea), lipase AK
(Candida 0ylihdracea), lipase AY (Candida Cylindracea),

o lipase PS (Pseudomonas Species), lipase AP (aspergillus
25 niger), lipase N (Rhizopus nieveuis), lipase FAP (Rhizopus
nieveus), lipase PP (Porcine Pancrease), Pig (porcine)

- Liver Esterase’ (PLE), Pig Liver Acetone Powder (PLAP), or
subtilisin.

* c L M S *
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- 26- EXPER @heetHasBeenRe laced\l | chem _reagents a g}sv nt
referred WO 0443 y avai I ab 9 I‘CI al
sour ces |nclud| n1ca| : e t|f|c NVR 5
spectra were run ac I 60 N+E * spectroneter
or a Varian VX- 300 NNR spectroneter. | R=-49~ speEFra ----- wverd obtai ned usi ng
a-Mdac Mseries FT-IR i nstrument. Mass spectral data obtained using
- a Fi nnegan MAB3.90 Theagwetlepkodf ookaim. 32, Avherreini the enizywe ime 10

corrected.. MOk aCIdc%b 1§E@bhyﬂ69§§u§a9rQP&&&QUWEE'iﬂﬂ”éﬂcd%ﬁb

Concent r at ed sull was a m-xture

phl or ogl uci nol ¥®S&rate (150 g, 0.926 nol) and et hyl butyryl acetate
(161 g, 1.02 nmol). The resulting 15 m xture was stirred at 90[err]C for

tuo hours Whereupon Jf, Withe metnd¥'$£°cPRIR 59 wheld%n® e’ AUAMIngS

col l ected by
5 agent comprlses v1ny1 acetate, vinyl proplonate, vinyl

butyrate, acetic anhydride, propionic anhydride, phthalic
anhydride, acetic acid, propionic acid, hexanoic acid or
octanoic acid. '

35. 5- Hydroxy -2,2-dimethyl-6-(l-methyl-2-~
10 hydroxybutyro)-10-propyl-zn 8H-benzo[1,2-b:3 ,4=b’)dipyran-
g-one.

36. 10,11-cis-Dihydro-6,6,10,11,tetramethyl-4-~
propyl-ZH 6H, 12H-benzo(1,2-b:3, 4-b'-5 6-b"]-tr1pyran—2 12~
dione.

15 37. (-)-Calanolide A.

38. An antiviral composition which comprises an
antiviral effective, non-toxic amount of (+)-calanolide A
or (-)=-calanolide A and a pharmaceutically acceptable
carrier.

20 39. The composition of claim 39, which further
comprises an antiviral effective amount of at least one
‘additional antiviral compound. '

40. The composition of claim 39, wherein said
antiviral compound comprises A2T or DDC.

25 41. A method of preventing or treating a viral
infection in a mammal comprises administering'to a mammal
an antiviral effective, non-toxic amount of (+)-calanolide
A or (-)-calanolide A.

* C L L] S *



filtration, and then dissolved in ethyl acetate. The sol ution was
washed with brine and dried over Na2SO4. After renoval of the solvent
in vacuo, wigwnassi.die was 20° triturated wth hexane PCI/USESI8Iie

ess LY. .U ;;@EN conpound: 2 (203 g) in quantitative vyield,

233 ?‘:S'g[sg %\ Crny (L|t [err] 236-238C). [err]H NVRlerr] (DMBO-d[err])
[erd] O 5D 1o CH errP0-1.63 (2H, apparent hextet, J=7.0

e 358942;-12 w} Spethod of Fiaid 4 hie S@QQFErFWF}R&%%Z‘(lH

s, OH); ' chaaﬂihthesinQ-&r;\ aivilral 22geceiveMaouRO®f At Deast

CH err]); 192 5 r 8, M H 164
(60 0. M oh® %af Py AREEEIRAL APt L 1) IR (ke 3210 (v
and broad, OH); 1649 (vs, sh); 1617 (vs, sh); 1554 (s) cnierr]);
Anal . 30 cal cd 4fsor Cher mkthear b@[ euahm €2, 6Ghébeih, shid9anthviralC,

$5D|6ﬁydrH§xy 8- Bpgﬁugﬁyfzoﬂpﬁ%ﬁ | € rrarl n ‘?3) .~ A three-neck

. fl ask (500 ml) equipped wth an efficient nmethanical stirrer,

therrmrreter and addht'o‘i‘he method of claim 37, wherein said viral
' infection is by retrovirus.

45. The met:_hod of claim 44, wherein said retrovirus _ ‘
is a human immunodeficiency virus (HIV).

10 46. The method of claim 41, wherein the mammal is a
human. ' '
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~ funnel
(25. 0 W0 9%H04263 nol ),
ni trobenzene
was obt ai ned, which was. cooled to
sol ution of propionyl-
di sul fide (50 nL) was added

(150 nm)

t enperature was

over a period of 1 hour with vi s stir e reactloru.vvas 10
nmoni tored by TLC using a nobil e phase~ofab0% et h acet at e/ H¥xane.
After three hours, an_additional portiorf& of propionyl c%‘rgrlcdegz 10
g; 0.0227 nol) ih carbon di sul fide ( - was added. di
after the TLC anal ysi s indicated thé consunpti on of st r ng 15
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was charged wi'th 5, 7-di hydroxy-4-propyl cournmarin,
al uni num chloride (62.1 g; 0.466 PCI/US9§jg9pad
stirred until

Z0[err]Cin an |ce bath
(;;1332 g; 0.165

and-
sol uti on
A

pBArbo g
'Lilhat t_ he%')r eaction

| et-ed




by steamdistillation, and the remaining sol ution was extracted

several tines with ethyl acetate. The extracts wer e conbi ned and
dried overWR#88@343 The crude product 20 obtained by E¢EESIMOBYn in
vacuo was purified by chr omat (?g(ﬁéphy on a silica gel colum
eluting with 50% . _ ether/hexane to prgvide the desired-propi onyl at ed
coumarin 3, np (corr) 244-246[erg] © [err]H dlerr]) [err]
0.96 (3H, t, - 7.3 Hz, CH[err])al : CH[er[_'

1.60 (2H, m 25 CHerr]); 2.88 (2H, 3 TR ;3.0 (2H, q,
J=7.2 Hz, CHerr]); 595(1H s%[ rry); Herr]g 11.07

(1H, s, OH); . 11.50 (1H, s, | 277 (6.6, M1l); 276 9. 0,.
M) 247 (100, MCLerr]H[err]) | RAKBr): 3239 (s and brgad @-IX;;
1693 (s, C=0,|1625 and 1593 (s) cnierr ;‘Anal. aljcd.
Cerr]JHerr]Jerr]: BO C, 65.21; H, 5. 84, Found: 64. 92, H, 5§3H The
| soner assi gnngnt was nade by analb to pre {lerfr] 8
EXAMPLE 3: 2, 2-Di et hyl - 5- hydr ozy- 6- onyl - 10- — &

.2H, 8H benzo[ 1, 2-b: 3, #§-b' ] di pyran-8-0 B . A i xtlure of g . 60
g, 9.42 mvol) and 4, #-di net hoxy- 3 2k met hyl butfan-2-ol} (§. 54 g, @7.:
nmol ) were dissolvedfin - dr ous byrl di ne . Tge mgst e .«
was ref | uxed 1 - Oomx '
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- 28- ' under nitrogen for three days. After renoval of the .
sol vent | Woe6i4263 t he resi due was di ssolved in ethyl PCTAISO8/08884  The
ethyl acetate was washed several tines wypfp 1. N HO ano_l,{ari ne. It
was then dried over Na2SO4. The 5 czude produ g?ﬂ;i by
evaporation in vacuo was ' pur;ijed by @I_“gcgﬂsgbv‘«’\% U bt
chromat ography, eluting with Z%ﬁet hyl a tatatﬂlé?é%g,t.oiafcbord 2.55
g of 4in 78.6% Cyield, nmp 96-98C. M err] HIN err]) [eEr] 1.05
(3H, t, J=7.3 Hz, CHerr]); 1L.@ B3H t, J=7.5 Hz, CHerr])Kx 1.53
(6H, s, 2 CHerr]); 1.75 10 (2H, m~aderr]); 2.92 (2H t, J=7.R1 Hz,
CH2); 3.35 (2H, q, J=7. 1 Hz CHer™):. 5 56 (1H J:1§.40 HD, 5
Herr]); 5.98 (1H s, Herr]); 6.72 (1H, d, J=10.Q Hz ) WSEEI):
343 (5.7, Mtl); 342 (22.5, M+); 3R7 (100, MCHerr]);l IR (KBD) =21728
(vs, C=0O S 2
. ol <
5 >
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e £
a o
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™ X
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cml;, Anal. calcd. for C(ferr]Herr]Jerr]: C 70.16; H 6.48; Found: 15

C, 70.45; H, 6.92. EXAVPLE 4: 10, 11- D dehydro-12 -oxocal anol i de
A (5) WO096/04263 A m xture of 4 (1.76 g, 5.11 mmol) and sBCT/USASHLRMMat e
(0.419 g, 5.11 mml) in acetic anhydri‘gi/% (12 m) were refluxed for
10 hours whereupon the solvent was renov in 20 10— esi due was
purified by silica gel colum mh@matog g1 1St
with 25%  ethyl acetate/ hexa@e ollo &)
acet at e/ hexane to . ‘provide 1.16 ~g=(62% enone .
(6,6, 10, 11- tetranet hyl - 4- propyl @21 6H 1 enzo[ 1, 2-b: &4-b':
5 6-b"] - 25 tripyran-2,12-di one) s white solid, np 209-209%5[err]C.
[err] H NMVR ( [err]) [err] 1.05%3H t. J1-6.6 rr]aﬁ:SG
(6H, s, 2 CHerr]); 1.73 (2H, m GHerr]); 1.98 (3 , “EH ebd | I
2.38 (3H, s, QHerr]); 2.91 (2H t:, J=7.5 Hz,” CH2)| 569 (1HS dyd
J=10. 0 Hz, - - Hefrr]); 6.11 (1H, s, H3); 6.71 (1H, d, Hz, emq]);
(El): 30 366 ([29.6, M+); 351 (100,! MCH err]); 32 ot > ; <
MCerr]Herr]); IR (KBr): 1734 (vls, C=0, 1657, 1p40) 1610, nE 1562
cnerr]; Anal .| cal cd. for C[err]H[:err]qerr]: 72.1p; H, 6.05,UFand
C, 72.14; H, 6] 15. : = E‘g E].I
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- 29- EXAMPLE 5: 10, 11- Di dehydrocal anolide A (6) A
m Xt ure ofW@9@i46% (160 ny, O0.437 nmol )‘éf‘rld tri-n- REYVIFAIMM dr i de
(0.318 g, 1.09 nmol) in dry dioxane (2.%2 nL) was ref |uxed under
nitrogen for 12 hours. The solvent 5 . s then renoved- ;&Jo and the
resi due was purified by prepar aBlve TLC usi atetmte in
hexane as the nobi | e.phase. ThgjpfFdduct r]&bf about

0. 4. - Enol 6 (12- hydroxy-6,8, &, 11-tetra ~4- propyl
2H, 6H, 12H benzo[ 1, 2-b: 3, 4-b' : 5, 6-b"] - &Ri @yr an- 2- - (13.3 10 @ 8%
was isolated as an oil fromthe plat e‘ﬁy%t hyl acetate el uti®Oh._This
el uti on may have beegha-inefficiont. . nd_the _actual i _d8'|| gh ,%S
i ndi cated by anal ytijcal - TLC of the crude product. {[erf] FFN -
(CDC [err]) [err] 0.92 (3H t, ! g E
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J=6.0 Hz, CH[err]); 1.26 (3H, s, CHerr]); 1.39 (3H s, CH[err])' 1 63 15
(2H, m CHerr]); 1.96 (3H 's, CHerr]); 2.36 (3H, s, c:H[erCMJ _
(2H, t, JP00ed263 CH err]); 3.65 (1H s, Herr]); 5.51 (1HP S95'09804 J=10.0

Hz, Herr]); 6.67 (1H, d, J = 10.0 Hz, e gerr]); 13.25 (1H, ~-\br s, OH);
M5 (EI'): 369 (3.8, Ml), 368 (4.4, Mr) 7 . .3 o886 (28. 4,
M.2), 351 (100, MOH); IR(KBr): 1651 Zﬂ Q (s),
EXAMPLE 6: 12- Oxocal anal i de A (7) &4 ng
chronmene 4 (344 ng, 1.0 mol ), . a,ge%I dehyde | (473
ny, 4.0 mol ), trifluoroacetRcgycid (1. , 19.4 mol) d
anhydrous 25 pryi di ne (0 7 m) was ‘ﬂeged at 140[err] C under N[ rl.
The reacti on was_monitored by TIC alysi s After g t he
reaction mxture wag cooled to roomterrper-_ re, di luge V\ntE yl
acetate and washed several tinmes with : 10% aqueous Na H err] neld
brine. The organic || ayer was 30 sepgrdted . and dried pvel
Na[err] SO err]. Theg solvent was reno in vacuo gand Tﬁ creolde
product was purified by silica gel col um -chr omat ogr aghy el u@n W th
et hyl acet at e/ hexane (2:3). Chrlomanone 7 -
(10, 11-trans-di hydro- 6, 6, 10, 11- = 2B
a Q
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tetramet hyl - 4-propyl - 2H, 6H, 12H benzo[ 1, 2-b: 3, 4-b" : 5, 6-b"] - 35

tripyran-2, 12-di one) (110 ny, 30% yi el d) was obtained m p. WO

96/ 04263 WO 96/04263 PCT/ US9 PCTIE8%09804

- 30- 176- 177 C. (L|t [err] 130-]7324,C). [err] H ercr»];»(CDO[err])
[err] 1.02 (3H, - t, J=7.5 Hz, CHerd&); 1.2 \eﬂ‘;l«r Fz,

CH err]); 1.51 (3H, d, J=7.0 Hz err]); \Ay ?}{Br, , Qderr]);
1.63 (2H, sextet, J=7.0 Hz, CH2 55 (1H\ d J .0 Hz,
Herr]), 5 2.88 (2H, t, J=7.6-Hz, rr]); 4. (1H dq J=6.

J=11.0 Hz, Herr]); 5. 60 (1H, dRRJED.9 Hz, Herr]); 6.04 (1

Herr]); 6.65 (1H, d, J=11.8 Hz,~ rr]); Ms (Cl): 369 éloo ,1.).
EXANMPLE 7: ()- I:.\n—nl de A (1) -
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To a solution of chromanone 7 (11 ng, 0.03 nmol) in 10 EtOH (0.4 nl) was
added sodi um borohydride (2.26 g, 0.06 nmol ) and :
CeCl[err] (We96P4%3err] (11.2 ng, -0.03 |) in Et OH (5 nl)PCT/US95/09804r oom
tenperature. After stirring for 45 rrinu?yé,4 t he m xture was diluted
with Herr]O and extracted with ethyl . Z acetate. The organic | ayer

was dried over Na2SO4 and 15 concenman. The o;._ﬁﬂciducf_ “was
purified by preparative TLC el ugingriw th H@meﬂ% e/ hekan®) (1:1)
to afford ()-calanolide A (1) (10.55g, 94¥ LAGY- bac~ H

which increased to 102[err]C after it wWRsgyried
56-58[err]C). [err]H NWR (CDCl[err]): Te®™] 1.0 ot ,
CHerr]) 1.15 (3H, d,~J=6.8Hz —CHlerr]) 46 (3H d. | =6;8H; SZH[eU]ﬁ

1.47 (3H, s, CHerr])l, 1.51 (3H, s, CHenr]), 1.66 (2H ny CHEr])Xd &
1.93 (1H, m Herr]), 2.89 (2H, m CH2), 13.52 (1H, broad-fs, D) ,=B. 93
(1H m Herr]), 4.73 (1H, d, J=7.8Hz, H[:err]), 5.54 (LH,  d,
J=10.0Hz, H7), 5.94 |(1H, s, Herr]), 6.62 (1H d, 25 @=9lef¥, rg]);
Ms (Cl): 371 (75.4, W+1), 370 (16.1, Melr]), 353 (()Lloo MO—QNaI.
calcd. for CJerr]Henr]derr]: C, 71.33;1H, 7.07: Found] C, 71634 H,
7.21. . EXAMPLE 8: 5,7-Di hydro;}(y-4-propyl counaligi N { 2¢s v
In this Exanple, kil ogram scale prepa}iration of = 8 8
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30 internediate 2 is described. Into a stirring suspension of

phl or ogl uci nol (3574.8 g, 28.4 nol, pre-dried to constant wei ght) and
et hyl but wodemaggsat e (4600 nl, 28.4 nol) was added RSTASH59%4ed
sul furic acid dropwi se at such a rateg/24 that the internal tenperature
did not exceed 40[err]-C. After WO Zb/ 04263 - .
PCT/ US95/ 09804 m O Lo 658 1“00 of
sul furic acid was added, the tenperat@;eEiose t ~nGSHEE Lerr] Crarid.t he
. suspension turned into a yellow solid.__ An IyS| ,JLé?Tndlggied t hat
“the reaction had proceeded to cgmp tion. Lw¢ﬁé”‘eact|on m re was

diluted with 5 water (10 L) and stiM'r at anbi ent tenperature

overni ght . The collected 1 & at i@h Sand
_then rinsed with wafer until the filtraje was neutral . §§ 4 E?
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quantity of 4820 g (77%yield) of 5,7-dihydroxy-4-
was obtained after being dried, which was 10 i denti cal
sanpl e bywiosgmazasi on of TLC, mel t1'
EXAMPLE 9: 5, 7-Di hydroxy- 8- propionyl -
Exanpl e, kilogram quantities of int er
- pr-opi oni ¢ anhydri de instead of 15
.5, 7- di hydr oxy- 4- propyl - cougari n,

propyl coumarin 2
with an aut hentic

4Poi Nt and spect rREICERIS/QI8MAL a.

opyl coumarin 3 ' In this
dg; : 3 mas.sythe3|zed usi ng

nyI

(171
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2, ) aﬁd [err] !
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(1000 g, 7.77 nol) were nixed | :D 2- di chl oroe"t hane—~(9 L). The
resulting orange suspensi on wa¥ sgj rr ed andfieated to 70[erf¥ C unti |
a solution was obt ai ned. Then, xture of propionic anhyeyi 20
(1010 g. 7.77 nol) S — : &
di chl oroet hane (3.4|L) was added dropw fe over 3 h. Th rea was
allowed to stir at yYO[err]C for an additonal - hour. }| Affer bei ool ed
down to room tenpergture, the reaction mxture wasgpoul e
rapidly stirring 2% m xture of ice ter and 1N HC hé"bre Egated
-pr oduct was taken into ethyl acet arvg (30 L) and t ueous
solution was extracted with the sane solvent (10 L x 2). The &,Olﬁl ned
extracts were succe$sively washed with L N — & O 0
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HC (10 L), saturated ag. NaHCJ err] (10 L), and water (10 L). 30 After

bei ng- dried over MgSJ err] and concentrated in vacua, a sol id product
(1765 g) WEI60M63i ned which was vvashed1vyh et hyl aggﬁ{sgyw L) and
recrystallized from di oxane (9.5 l to provide 514 g of pure conpound
3. Fromthe ethyl - acetate washh_pgs an addi tion —crf‘ orrpound
was 35 obt ai ned after recrystal | i za.t |pn from di_oxanert HRSBZEEN r‘@'
WO 96/ 04263 I Usbil 08804
- 32- conbi ned yield for corrpoun vvh| ch an
aut hentic sanple by conparison of TLG+ ti ng poi nt and Spedsr oscopi ¢
data, was 29% o 8 v~
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EXAMPLE 10: 2, 2-Di net hyl - 5- hydr oxy- 6- propi onyl - 10- propyl - 5
2H8H—benzo[12b3 4-b' ] di pyran-8-one (4): In this Exa '
i nt er medi a0 /0463 prepared in hal f 12/Ba ! ogram quantiti RCITUSPH/ gﬂrﬂ?" 3 via
nodi fication of the reaction cond I ons described in Exanple 3. A
m xture of conpound 3 (510.6 g, 85 nol ) and 4, 4-dineThoxy-2- 10
nmet hyl but.an-2-ol (305.6 g, 2.06 nol) r g di ssol ¢ el t@e of

toluene (1.5 L) and dry pyrd di ne (51 ) & This
and refluxed; water and MeCH forned 2 *during tih
azeot ropi cal I y via a Dean- St ar k t§a The
TLC. 15 After 6 days, the reaction hadggroceeded

m xture was then codled t0 anbl ent tenparatuar ezand
acetate (L) and 1 N|HO (1 L). The | etbhyl ace
separated and washed with 1N HCO (5007n) and
dried over Na2SO4 2 and evaporated M vadlio,

yi el d) of conpound 4 was obtai netl whiCh was

wi t hout further puriffication and wag” corgpared with
sanpl e by TLC and spectroscopic data._Xd trace

6, 8- bi sacyl at ed product was obsgfveds 2 al t houg
7-nonoester did for
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EXAMPLE 11: 12- Oxocal anolide A (7): In this Exanple,
chromanone 7 was prepared fromtwo al ternative pat hways invol ving
either a ome9sge4es r eacti on (procedu;e A) or a two-stREI/PSAN804N
process (procedures 30 B and C) : ocedure A. Paral dehyde One- Step
Reaction: To a stirring sol uti on_of chromene 4 (350- ﬁg,"”" 0 mmol ) and
PPTS (250 my, 1.0 nmol) in 1, &c or oet m)s%?‘tt‘ i BNt
tenperature under N2 was added .3 m_ p&a ehyde T\'(‘Ef' . .0y The
resulting mxture was refluxed for 7 h~:.’:h '
PCT/ US95/ 09804 ] 8 —33- CFlerrfqerr] H
(1 nm), an additional equival ent of PPTS@nd 1 nL 8 O
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of paral dehyde were added; the m xture was refl uxed

- reaction mxture was neutralized with
extract ed WQ94/04263y |

by evaporation

over ni ght-.

sat urat ed aqueous_NaH

residue was purified by colum chronatogrgphy eluting with

acet ate/ hexane (1:2) to afford 100 ng "
30 mg (8%yield) of 7a. Chronmanone 7 LTS St
(10, 11-trans-di hydro-6, 6, 10, 11-tet rarre;.b)g% propyl -

t'his nmet hod was identical vm t h an aut hent
TLC, HPLC and spectr
~Two- St ep Reacti on:

mml) in THF
(36.5 mol ) of.

acet al dehyde (5.0

was nonitored by TL
guenched at -10[err]C
extracted with ethyl
were washed with bri

y| el d) f—"

th_.r....._. 24

L

The crude 3@%3"!

acetate 5 (50
under reduced pr es?&(@ was washed with hexane.

T

he

err] and
Pt ai ned

The

-et.hyl

rg?and

ﬁﬁpuﬁ‘«-ﬂ
2H, 6H, 12H-benzo[ 1, 2-b: 3,4-b' :5,6-b"] t¥ g an- 2, 12° Tone) obtdai ned by
sanpl e by conpari’Son._of
Sae Procedutro..Bl fgr| c Q(”
o a 15 stirring sol ution of  chrorfen 47(5.04g4=514.6
/'S5 mb) at -30[err]C pnder N[err] was {added 18.
2 MLDA in THF. After 15 min at thegsa enp agre,
89.5 mml ) was added via syringe. - [T ehhe r@agli on:
d anal ysis. After 1 hi 20 the react]i o m xt ur® ws
C with saturated 1 aqueous NH erg] df (75 nY and
acetate (125 L x 3). The coibi nedoext. clﬁ
ne :
| 2 o
. o _ B8
| [~ o x
1
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(125 nL) and dried over Na[err]SOerr]. Renoval of solvents in vacuo
afforded a reddish oil of 7b (8.5 g). 25 The crude 7b was di ssol ved
~in acetic wbd€i042400 ni) and then 50% H err]Sqerr] (RERUISP/AAs added
wi‘th stirring. The " resulting mxt'®%@& was heated at 75C for 2.5 h and
then at . 50C for 4 h. TLC analysis i&dicated that the star i-ng

mat eri al had been consuned: The readfli m xture wa ghned to

contain both chromanone 7 and 10, 11-ci S di \R )ghEﬁe‘T‘?&aEtlve ain a

1:1 ratio. After cooling to 'arrbl,g Bt enperajure REMAC m xture

was poured into a mxture of icaRwer (SOOM:; ate

(500 m.). The | ayers were separ aT’egand t he aqueous | ayer wa :

extracted with ethyl <acetate (200 i x 3 The ethyl o W& 96/ QZ@
—
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acetate sol utions were conbined and washed with saturated aqueous

NaHCO3 and bri ne.: After being concentrated in vacuo, the %% duct
was puri f WQI984263hr omat ogr aphy on a silica gel col urBCTHSI5P ﬂfvvl th
et hyl acetate/hexane (2:3) 5 to pragj 850 ng (16%yield) of
chromanone 7, which was further p@&ified by re 1] Qi zation
from ethyl acet at e/ hecane and denti SR enti sanpl e
by conparison of TLC, HPLG/and spectro@c&-g'i c dat u C. .
LDA/ M t sunobu Two- Step Reaction:  |Intesa210 ution of
THF (10 m.) containing . tri yl phosptiine (1 27 g, 4. 8@rrrm|)
-and the crude 7b, obt al ned from romene 4 (1 0 g é 34 .naal ),
2.5 equi val ent g—e PA—arre—6—0—etti—va 8 dak
t he procedure descri bed above was addeolI dr opw se dj eth I 15
azodi carboxylate (DEAD, - 0.77 niL, 4, 8.9 mml) res&tl:?ag
reddi sh sol ution was| stirred at ambi ent ! s/per ajur ¢ urjdedy N2 bofd 1
after which the reaction m xture V\faS q ' t h|satjurat ed qéous
NH err]d and extracted with ethyl, 0 mL x 3)]. The acts
20 were washed with brine and dried ov After -
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renoval of solvenfs,_the crude product was purified by col um

chromat ography on silica gel eluting with ethyl acet actlgé(‘#gmg (2 3)
to provi dAVQAI9604383 (48% yi el d, based 40N chronene 4) ne

the predom nant product of 25 t he reyc/ on, which was identical with an '

authentic sanple - by conpar.i son % C, HPLC and spectresgopi ¢ dat a.
EXAMPLE 12: ()-Calanolide A (1): Ly d ST RASIGEER, e
([err])-calanolide A was pkepared in Q Qnultil-gragesodee usi ng t&a
procedure described in Exanple 30 7A =0 a. siilring-setttton ofg-:
chromanone 7 (51.5 g, 0.14 nol ) g @O—l (1.5 L) was added 23]
CeC[err](Herr]OJferr] (102 g 274 m‘m)l) The mxture S | FRed
for 1.5 h at room 1 ' e -30 rﬁc
with an et hyl e Ater th —
WD 96/ 04263 09804 =
o " 23
© )
Lo -
- 23
| §°
R
-8 3«
5
| ——Z
5 = g
> | :
- " R =
o5 | S 3
% : _E
S & | 3§
b | 5
&% | E _§§U
S0
e :
X ! =R
| S g
: *) % )
>, i —§ 3 6
A S & -
| . ‘ = ﬁé
X — o
s L] °‘ §> |
| I o x Z&
n ’F I D R B T T 1 § 2 E;
=1
. B ET SH
D gpssreserpEeg” 27
CJ _ .
[y
o

—

CELL

VIABILITY 40%

eet Has Been Replaced

—E 1]

(%) OF
CONTROL



- 35- tenperature was equilibrated to -30[err]C, NaBH err] (21.3 g,
563 nmol ) was added and stirred at the sane tenperature for 8.5
h, at whi CWO®6/04263 he reacti on was quenched with H20 (2 PCT/PS95/09804
extracted with ethyl acetate (2 L x 3).18/24rhe 5°  extracts were conbi ned,

washed with brine (2 L) and dried oger NaSO4. The crude product
obt ai ned by renoval of sol vent urmdeDredU(Pgd HAE & passed
t hrough a short silica gel colu ts-provu gum xt dre ﬁi ch
" contained 68% of ()-calanolide A 14%"f =Cal andl i de 13 of
chromanone 7 as shown by HPLC. This I al was subj ected tg@ further
purification by preparative HPLC to ~ mafford pure ()- calanolldem\(l)
EXAMPLE . 13: Chr omat oar aphi ¢ _Resol uti o% of Synthetic §
()-Calanolide A 15 ' The synthetic;()-1 was resol Vel 1 ht ena :
- (+)-calanolide A and (-) cal anolide A, h)y preparative HPLC.

using a normal phase silica gel HPLC col'um1

SUMMARY GRAPH
RACEMIC CALANOLIDE A vs. HIV
- | b | | | 1
002 01 032 1 32 3
DRUG CONCENTRATION (uG/mL)
x DRUG'S CYTOTgJa
(% CELL VIABI@I’%‘Y

|
000032 0001 00032 001

10% -
0%
-10%
o DRUGS ANTIVIRAL EFFECT
(% RED. IN VIRAL CPE)

FIG. 4C
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(250 Mmm x 4.6 mm1.D. Zorbasil, 5 [err]mparticle size, MAC MOD
Analytical, 1Inc., PA USA), the synthetic ([err])-1 20 appeared as’
one peak weobsa26xt ention time of 10.15 m nut es when ?Féli(ﬁﬂé) yl
acetate (70:30) was used as the oy e phase at a flowrate of 1.5
“nL/mn and a wavel ength of 290 nmwas used as the uv detector setting.
However , on a chiral HPLC col um gafked wi {.h amH- at g (250 25

M x 4.6 mm |.D. Chiral pak,AD, 10 [errq-rri-partlc %\slsﬁéﬂ'
Lo 6. 39"
aflowraa of 1.5

Technol ogi es, Inc., PA, USA), two peal@ th retentlaﬂ’ LA

and 7.15 hinutes in a ratio of 1:1 wer® bsery
m./ mn. The nobile phase was hexarré thanol (95:5) and the uvHdetector
was set at 30 a wavel ength of 254 nm ®&These two cor‘rp&nent wer ey ¢
separated using a sem -preparative chi rgl HPLC col um, ovi %n t he
pure enantioners of [cal anolide A The i chemical s ruqtures e
separ ated enanti onerls, which wer e : assi gned based{ on thei -2}
optical rotations jand 35 compared with the reportjd &R ur a 5
product, were characterized by sdect roscopi ¢ da HIPLC > >
chr omat ogr ams ! S 3
: -2 BB
| 2 O
&
-
— s-x-
> &
= B
£ ¢ z
o < NE
O TS <
- B -4
o =
o | vt
k g
]
: .
%3 i 1§
~ I S 0
X u a
| ! _sné
| o~
! o 3]
_ ] &
| ! S <« :tl:
I E 3 & o2
> | g —8 A~
! S B
| | IR 2B
A P T 1T T T T T T T 1 é EwD g
oS
= I -4
S EpspEsgsggpEes” gF
O o a
5 8 B
I o E = g
~ Nial A
§S Q © 2 Sheet Has Been Replaced
_ o >
ssssactoss AN



WD 96/ 04263 PCT/ US95/ 09804

- 36- ([err])-calanolide A and its optical forns are shown in Figure
6. wo g6¥263al anol ide A (1): nmp 47-50[err]C (Lit.[ ePCIUSSYW8err] O ;
[err] +68.8[err] (CHO[err], Qdy2d) (Lit. [err] [err] +66. 6[err]
(CHC [err], ¢ 0.5; 5 ~03~ A
Hz, CH[err]) 1.15 (3H, d,
Hz, CHerr]), 1.47 (3H, s
(2H, m [err]), 1.93 (1H m
(1H, d, J=2.9 Hz, OH), 3.93 an ,
~Hz, J=2.7 Hz, Herr]), 5.54 10 (1H™~d® J=9. 9 Hz, H[err]) 594 H s,
Herr]), 6.62 (1H, d._J=9.9 Hz. HEA [err]CJ\lNR(CD gerr] [Sad 1]
13.99 (CHerr]), 15./10 (CHerr]), (CH[err]), 3726 ($qiterr]), .
.27.38 (CHerr]), 28,402 (CHerr]), I(CHerr]), 49. 42 ( _
67.19 (CHOH), 77.15 (',:O) 104.104 CLqerr]? 6. 36
(C[err] and err]),| 110. 14 % .51 (derr]), - & ; E
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15 126.97 (Cerr]), 151.14 (Cerr]), 153.10 (Cerr]), 154.50 (Cerr]),
158. 88 (C4), 160.42 (C=0: CIMS: 371 (100, M+1), 370 (23.6,M),
353 (66. 2,wodmemdp6s 1R 3611 (w) and 3426 m broad, OH), PCT/US95/P9B94 (vs.
C=0), 1643 (m), 1606 (m and 1587 (vs)2'édferr]; ULV err] (MeOH)
204 (32,100), 228 (23,200), 283 (22,200)% 325 20 m Anal .
cal cd. for C[err]H[err]CIerr]l/4H[err 03 70 : (. 12; [_Found
C, 70.64; H, 7.12. (-)- Calan A I)*‘.S rr] 75.6
(CHO [err], ¢ 0.7) L|t [err] [ =-66\ err] (G , 5);
[err]H NNR(CDCI[err]) [err] 103(3H5Qt J=7.4 Hz, CH[err] 1.15
(3H, d, J=6.8 Hz, CH err]), 1.46 (3H, e, @5 J=6.3 Hz, CHerr]), L. 47
(3H, s, CHerr]), 1.51 (3H s,  CHerr]) B4 66 (2H gi[er )5+ 1.93
(1H, m Herr]), 2.89 (2H m CHerr]), :3 50 f (1H}d,
3.92 (1H, m Herr]), 4.72 (1H, dd, ! J=8 Hz;, J=2| 7 Hz, H[e ]
5.54 (1H, d, J=10.0|Hz, H7), 5.94 ' (1H s, Herr])] 6]62 (1
J=10.0 Hz, Herr]): |[err]C NVR (CDO [ern]) [&/T] 30 13.99—ng[
15.10 (CH erf]), 18./93 (CH err]), 23.36|(Crr]), 27.38 mpr]),
28.02 (CH err]), 38.|66 (CHerr]), 40.421 ., 67.19 (CHPH) 77, 15
(CHO, 77.67 (C O}, 104.04 (C[err]),I .36 (Cferr] and}_ yﬁ[ﬁrr]),
110.14 (Cerr]), 118.51 (Cerr]), # (C7), 151.14 (der{I]& ©
153.11 (Clerr]), 154.50 (Clerr]), ., 160.44 (O { C I\/S:E;
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WO 96/ 04263 PCT/ US95/ 09804

-37- 371 (95.2, WMr1l), 370 (41.8,Merr]), 353 (100, M | R 3443
(m broad, WOH96/0426332 (vs, C=0) 1643 (m), 1606 (n) and PCTHI39519504)
cnjerr]; W [err] (MeOH): 200 (20, 500)22/&30 (19, 400), 283 (22, 500),
326 (12,500) nm Anal. calcd. for (C[err] H[err]qerr]1/4H[err]O C,
70.47; H 7.12; Found: C, 70.27; H, 7. 18 Ay ic

Resol ution of () Cal anol i dex A &) a magng Lﬁg@gﬁ%ﬁ@t%?'ﬂ ad
suspensi on of ()- Cal anol i de A, pLepdred b_ ewutﬂi‘éél of theﬁr esent
i nvention, and vinyl butyrate (0.1 mL)& fQhexand (0 at I ent
tenperature was added 1 ng of |i pase P‘gﬁ (Pseudom)nas Species).
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USA). The reaction m xture was stirred and nonitored by conventi onal

means such as TLC analysis. At 10 days, an additional 1 ng of I|ipase-
PS- 13 was 30Ie426¥ ter stirring 15 for a total of 20 dayRCT/US98/09804cti on
was stopped because there was no oge%?pus i ncrease in ester formation.
The ~enzyme was filtered out and th I{trate was copcentTated

‘.l.

- @ins BEEN \13) . whi ch

to- dryness. The residue was anal yzed by HB.C (sge
showed that 21% of (-)-cal apolide A ha@ t%en 20.'\'\—\\‘-i:% seadeed intp igx
butyrate ester form(Scheme V). The — enriched (‘¥)-cabarmoli de gdand
the butyrate ester of (-)- cal angiae A camMDE easily separat by
~conventional neans such ~as col Ufimld chromat ography. -~ The ®hriched
(+) - cal anol i de=Amfroymio—i-apaat-aci=t g at g.d— it \iicn .bgyratue
and |ipase PS-13 as ¢lescri bed above so a$ to obtain high =e. e.5d0f
- (+)-cal anolide A EXAMPLE 15 (In Vitro evaludatiop of Qﬁand
(-)- cal anol i de A } . [ e ill reat es
the anti-H V viral agtivity 30 of the synthetic al ) i d ﬁand
its pure enanti omers, (+)-calanolide A and anofide A, e
~eval uated using the published MIT-tet raz{)l I um ne#Tod. [ err|] O R
_ | o gg 'l:-.]‘
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- Retroviral agents, AZT and DDC, were used as controls for - conpari son
pur poses. ' ' The calls
‘;@Aa@ﬁ

used for SWO96Md263 were the MI-2 and the N RCHES1SH80; d cel |
line, CEMSS, and were grown in RP £0im suppl enented with

104 fetal (v/v) heat -i nacti vat ed feta c &FF 4m and al so cont ai ni ng -
100 5 units/m penicillin, 100 g/m strgpLeﬂVErﬁ?*ZS mV HEPES and
20 [err]g/m gentam cin. The nmedi um used for dilution of drugs and

mai nt enance of cultures during the assialx %the sane as above. The
HTLV-111B and HTLV- RF were propagated / in CEMSS. The appropriate
anounts of the pure conpounds 10 for anti-H 'V evaluations were

di ssolved in DMBO, then diluted in mediumto the desired initial
concentration. The concentrations (ug drug/nmL mediun) enployed were

CALANOLIDE B,

1

(+) - CALANOLIDE A,

6.44
(+)
7.25
()
6.42
4.69 0.53
7.38 5.27 (| =22
—— e ] : ey L“'f —

FIG. 6C  FIG. 6D
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- 0.-0032 GGTWLT 0.001 ug/m; 0.0032 ug/ni; 0.01 ug/nl; 0.032 | ug/m; 0.1
ug/m.; 0.32 ug/nmL; 1 ug/nmL; 3.2 ug/nm.; 10 15 ug/ mL; 32 ug/nL; and 100

ug/ m.. Each dilution was added to plates in the anount of 100
[err]I/well.. Drugs were tested in triplicate wells per dilution wth
infected cells while in duplicate wells per dilution with uninfected
cells for eval uation of cytotoxicityr3®tn day 6 (CEMSS cells) and 20 -
day 7 (Mr-2 calls) post-infection, the SCHEMELkel|ls were measur ed
with a tetrazoliumsalt, *MIT (5 ng/m ), added to the tkst plates. A
solution of 20% SDS in 0.001 N HA is § used to digsol e the MIT
fornazan produced. The opti caf dgk)cmal ue was} a f nctl on of the

concentration was neasured B P o tXpsessed in
percent (T/C%. The data el zed in Fngres La-e), 2(a-e), 3
(a-e), 4 (a-d), and 5(a-d). 30 Figures 1(a) to 1(e) |IIust ates in
vitro MIT assay results using an isolate, 106 H W w“r'%‘?‘l _
strain[err], which i AZT-resistant. The daCszQﬁG&vs OZCS‘
(-)-calanolids A was rel atively non-toxic at concenfra }%ﬁs of 1
~ug/ nmL but exhibited very lititle antiviral effect. reover, ()-

cal anolide A was effectiwe/as (+)-ical anoli deoﬁ’i n reducin

amount of fornazan 25 produgced whegh™ was™ proporti opfale e nunber of
vi abl e cells. The ent inhibidi-an of drug
as gltest over control N X
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- 39- viral CPE. As expected, AZT had little to no effect in

reduci ng viral CPE and enhancing cell viability. Figures 2(a) to
2(e) illustrates in vitro MMI assay results using H112-2 HV viral
strain which was not pre- 5 treated wth AZT. As expected, the viral
strain was sensitive to AZT. The data alsg_shomed that (-)-cal analide
A was relatively non-toxic at concentrations of' 1 ug/nL but exhi bited

(AL LLTS aOVLIS ol sl ) salalis o o BuSOeBSOLLY S5
3(a) to 3(e) illust S ?ﬁ%??%rm?fnf%asgaﬁgeﬂ“% BETRPISRART PYasyhippting
viral strain[err] whid¥omanppei 3t 5AtLyghe reduction " conditions (see Scheme
II). (#)-Calanolide A was then resclved into optically
5 active forms using a prepératiVefHPLc chiral separating
' ~ systemb, '

CRIPTION OF THE D

Figuras 1{a) to (e) illustrates in vitro MMT assay

results, as dascribed in'Ekample 15, using G9106 HIV viral
10 strain which igs AZT-resistant. ' .'

Figures 2(a) to (e) illustrates in vitro MMT assay
results, as described in Example 15, using'nllz-z HIV
viral strain which was not pre-treated with AZT.

Pigures 3(a) to (e) illustrates in vitroc MMT assay

15 results, as described in Exﬁmple 15, using A-17 HIV viral
© strain which is rssistant to to non-ﬁucleoside inhibitors
such as TIBC and pyridinone.but is sensitive to A2T,
_ Fiqures 4(a) to (4} illustrates in vitro MMT assay
. results, as described in Example 15, using IIIB cultivated
20 HIV viral strain. _
Figures 5(a) to (d) lllustrates in vitro MMT assay
ragults, as described in Example 15, using RF cultivated
- HIV viral strain. ) '
Figures 6(a) to (d) are HPLC chromatograms of (Fig.
25 .6{a)) (+)=calanolide A on normal phase column; (Fig. 6(b))
' (+)-calanolide A on a chiral HPLC column; (Fig. 6(c)) (+)-
calanolide A on a chiral HPLC column and (Fig. 6(d)) (=-)-
calanolide A on on a chiral HPLC column. The HPLC
‘conditions are described in Example 13.
30  DETAILED DESCRIPTION OF THE INVENTION
'~ All patents, patent applications, and literature
referances cited herain are incorporated by reference in
thelr entirety. . ' S
According to the method of the present invention,
35 chromened 4 is a key intermediate in tha preparation of

This is the replacement sheet
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t o non-nucl eosi de inhibitors scuh as TIBO and pyridi none but is

sensitive to AZT. The results here paral l.el. those 15 shown in Figures
2(a)-2(e). Figures 4 (a)"- (d) and 5(a)-(d) illustrate in vitro
MMVIT assay results using |ab cultlvated HV viral strains III1B and
RF, respectively. The results here al so parall et38those shown in

Fi gures 2(a)- 2(e).
PCT/ US95/ 09804

| a.- Brookmeyer, R,

,96/1%52 61§sed _for screening were th‘REﬁ:‘F?EI\EE’S the

MMUéynphomm:elIrm CEM~3S, and werkh€rown

Al DS Epidemc. in the L{ntmbuSt 2606, me@i6HCSupplemented :é@ﬁl}o@@etagf /)
0

> b.  Brain, MM; rl?é@’@ bty\(vatéd C%Jeta%.n ca ':Vﬁemlh.

5

10

15

20

s

10

as

lso containing t00
units/ml panicillin, 100 ug/ml streptomycin, 25 mM HEPES
and 20 Kg/Bl gentamicin, The medium used for dilution of
drugs and maintanance of cultures during the assay was the
same as above. The HTLV-IIIB and HTLV-RF were prapagated
in CEM-5S8. The appropriate amounts of the pure compounds
for anti-HIV evaluations were dissolved in DMSO, then
diluted in medium to the desired initial concentration.
The concentrations (ug drug/mL medium) employed were
0.0032 ug/aL; 0.001 ug/ml; 0.0032 ug/mL; 0.01 ug/mL; 0.032
ug/mL; 0.1 ug/mL; 0.32 ug/aL; 1 ug/mL; 3.2 ug/mL; 10
ug/mL; 32 ug/mL; and 100 ug/mL. Each dilution was added to
Plates in the amount of 100 ul/well. Drugs were tested in
triplicate wells per dilution with infected cells while in
duplicate wells per dilution with uninfected cells for

. evaluation of cytotoxicity. On day 6 (CEM-85 cells) and
~day 7 (MT-2 cealls) post-infaction, the viable cells were

measured with a tetrazolium salt, MIT (5 ng/ml), added to
the test plates. A solution of 20% SDS in 0.001 N HCl is -
used to dissolve the MTT :omzan produced. The optical
density value was a function of the amount of formazan
produced which was proportional to the number of viable

"ccus. The percent inhibition of CPE per drug
concentration was measured as a test over control and

expressed in percant (T/C%). The data is summarized in
Pigures 1(a-e), 2(a-a), 3 (a-e), 4 (a~d), and 5(a-d).
Figuras 1l(a) to 1(e) illustrates in vitro MMT assay
results using an isolate, G9106 HIV viral strain®, which
is AZT-resistant. The data shows that (-)-calanolide A
was relatively non-toxic at concentrations of 1 ug/nL but
exhibited very little antiviral effect. Moreover, (+)-

- calanolide A wvas effective as (+) -calanplidd A in reducing

This is the replacement sheet
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Koy, Yus-BEA MLENCHEN O T LtTD < f 0 RANSGK & AbLodne it TR0 OU aQJdIdTTODZF 10D

Epi dem ol ogy of H V Infection and AIDS, Annu. Rev. M crobi al .,
1990, 44, 555-577. 2a. Wislow, OS.; Kiser, R; Fine, D.L.: .
Bader, J. Shoemeker, R H.; Boyd, MR, New Sol ubl e-fornmazan 10
Assay for H V-1 Oyt opat hi c Effects: Appl ication to H gh- Fl ux
Screening of Synthetic and Natural Products - of AIDS-Antiviral
Activity. J. Natl. Cancer | nst. 1989, 81, 577-586. “b.

Mt suya, H.; -Yarchoan, R ; 8r oder S., Ml ecut¥~ 15 Targets for

Al DS Therapy. Sci enc 9 249,  1533- 1544. C.
Petteway, S.R, Jr. géﬁﬁg epB‘D M@ §¥Recked, AZY, had ‘tfékte to Tifc effect in
Chronical Iy Infected tedueing virnir GBE andrenhencing cell viakddatyent of

HV Infection and Al DS rigurkiseRqsa)28o 2(e) ill'ﬁh&&'ﬁﬁ&ﬁ'in Sﬁlﬁ:to Ml agdgy

- 28-34. d. Rc y f.ection,

Annu. Rev. 19919%“% %f\ﬁ&ﬂ Eaﬁx‘;—:}g@ﬁ' ?QV\‘T_“ gﬂ‘ﬁelngﬁ'ypﬁ?'
Human | mmnodef | 8 enchreated with W2Tys Amf expeehed, Tﬁbﬁdg‘-‘mﬁr ndleesirscvas
1991, 12, 25 #0isitilve to A2T. The dhfd aldoRsnowdd/chast @@se:anAon@l

ISP &y, ed A e By ?%%W%%@M?l?ﬁ R .
- but exhihited very littls antiviral affect. (+)-calanolide
A was nearly as sffective aa (+)-calanolide A in reducing
10  wviral CPE. -

Figures S(a) to 3(e) illustrates in vitrs MMT assay
results using A=17 HIV viral strain® which is resistant to
to non-nucleoside inhibitors scun as TIBC and pyridinone
but is sensitive to AZT. The results hers paral 1e1 those

15 shown in Figures 2(a)=2(e).

Pigures 4 (a)=-(d) and 5(a)=(d) illustrats in vitro MMT
aseay results using lab cultivated HIV viral strains ITIB
and RF, respectively. The rssults hare also parallel those
shown in Flgures 2(a)-2(s).
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Transcri pt ase.

119-134. 3. Kashnan, Y.; CGustafson, K.R; Fuller,  -RW:"",
Cardellina, J.H, Il; MMhon; J.B.; Currens, MJ.; " Buckhéi’ts,’
R W, Jr.; Hughes, S.H; Cragg, G M; Boyd,. MR, The '
Cal.anol i des, a Novel H V-Inhi'bitory O ass 35 of Coumarin
Derivatives fromthe Tropi-cal Rai nforest ‘WO 96/ 04263

PCT/ US95/ 09804

Al DS Research- and Human Retroviruses, 30 : - 1992,.78,

METHOD FOR THE PREPARATION OFl(+)-CALANOLIDEI €€,

Cal ophyl l um | ani gerum J. Med. ChND INPERMESTATES THEREOF2735-2743. -

Boyd, MR,

Nat i onal Cancer Institute, Personal Commruni cat'i on.

5. Chenera, B. cr¥&s-rE¥eERENCE Nkel stein, J.A; Dreyer,

10

15

20

25

30

This is a continuation-in-part of co-pending U.S.
Patent Application No. 08/285,655, filed August 3, 1994,
now U.S. Patent No. 5,489,697, granted February 6, 1996.

FIELD OF THE INVENTION

This invention relates to a method for the
preparation of (*)-calanoclide A, a potent inhibitor of HIV
reverse transcfiptas'e, and intermediates thereof. In
particular, this invention relates to a method for large

scale production of (*)-calanolide A, chiral resolution of

() -calanclide A into its optically active forms, and use

" of (t)-calanolide A and (-)-calanolide A for treating

viral infections.

BACKGROUND OF THE INVENTION
' Human immunodeficiency virus (HIV), which is also

called human T-lymphotropic virus type III (HTLV-III),

lymphadenopathy-associated virus (LAV) or AIDS-associated
retrovirus (ARV), was first isolated in 1982 and has been
identified as the etiologic agent of the acquired
immunodeficiency syndrome (AIDS) and related diseases.
Since then, chemotherapy of AIDS has been one of the most
challenging scientific endeavors. ' So far, AZT, ddc, d4dI,
and DAT have been approved by FDA and are being clinically
used as drugs for the treatment of AIDS and AIDS-related
complex. Although these FDA-approved drugs can extend the
life of AIDS patients and improve their quality of life,
none of these drugs are capable of curing the disease.
Bone-marrow toxicity and other side effects as well as the
emergence of drug-resistant viral strains limit the long-
term use of these agents.! on the other hand, the number
of AIDS patients worldwide has increased dramatically
within the past decade and estimates of the reported cases
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G B., Total Synthesis of ()-Calanolide A. a Non- Nucl eosi de .

| nhi bitor of H V-1 .Reverse Transcriptase. - - J. Og.. Chem 1993, '58,
5605- 5606. - 6. Sethna, S.; Phadke, R, The Pechmann React’,qn.
10 Organi c. Reactions, 1953, 7, 1-58 and references cited _

t herei n. 7. Cronbie, L.; Jones, RCF.; Palner, CJ., Synthesis _
of the Mammea Counarin. Part 1. The Coumarin_of the Manmea A, B,
and C Seri es. J. Chem Soc. s Perkin 15 ‘Z‘Trans' 1, 1987, 317- 331

8. .Barton, nnel ly,D.M X.: Fin ,
Total synt he5| S o Isg$8bu§'t nefae%raﬁBg}‘Bﬁ atsa cgnEéFFe 1690, Bl.lse
7449- 7452, dz'ama@ﬁazlg,y Is. is tHarafidye apF/hSent &fcdphgieﬁe ifAa
20 Orcl i zptdaan Albehneedolochate! 5rghy 014 I QXGNeRY

Al kyl Ketones, IV. A Kenetic Study o ér%% ﬁg 1pge improved

Kost anecki - Robi nS§tesctiteh. and v aCGH-MﬁtYAcFﬁ combat AIDgGY, 525everal
2636-2641. 5  approdchegs :Mciumlngdeh&ﬁyealPsynéﬁeaﬂel emaéuflal ﬁ?&zﬂ.@& 25
ounds

A.C, Reduction b br| de of rbony

Absorbed on Sil i Bcéc-géeﬁ%'%él ec Ve tﬂ’eogrlfﬁhir‘gﬂ' have kger d'é d j.to
Og. Chem 1978, ifentigy7- sgmpounds tadgetinghesiffdrednt stagesM b5unohy
Reacti on. Orgaieplication for therapeutic intervention.?

Very recently, the screening program at the National

10 Cancer Institute has discovered a class of rémarkab]_.y
effective anti-HIV?natural produéts, named calanolides,
from the rain forest tree Calophyllum lanigerum, with
calanolide A, 1, being the most potent compound in the
reported series.’ For example, calanolide A demonstrated

15 100% protection against the cytopathic effects of HIV-1,
one of two distinct types of HIV, down to a concentration
of 0.1'/;M'.- This agent also halted HIV-1 replication in
human T-lymphoblastic cells (CEM-SS) (EC;=0.1 uM/ICq=20

. uM).? More interestingly and importantly, calanolide A was

20 found to be active against both the AZT-resistant G-9106
strain of HIV as well as the pyridinone-resistant A17
virus.? Thus, the calanolides, known as HIV-1 specific
reverse transcriptase inhibitors, represent novel anti-HIV
chemotherapeutic agents for drug development.

25 ‘ The only known natural source of calanoclide A, 1, was
destroyed and other members of the same species did not
contain the desired material.t ~ Consequently, a practical
synthesis of the natural product must be developed for
further study and development to be carried out on this

30 active and promising series of compounds. Herein, we
describe a method for the synthesis and resolution of (%)-
calanoclide A and some related compounds. .
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Reaction, 1992, 42, 335-656 and references cited 30 therein.. .
12. Gemal, A L.; Luche, J.L., Lanthanoids in Oganic eI,
Synthesis. 6. The Reduction of [err]-Enones by Sodi um S
Borohydride in the Presence of Lanthanoid Chlorides: : - Synthetic
and Mechani stic Aspects. J. Am Chem Soc., 35 1981, 103,
5454- 5459, WD 96/ 04263 _
PCT/ US95/ 09804 1 -43=- -42- 13..  Very
recently, a simlar work has been published in the literature;
Cardellina, J. H, Il ;THAusEPhggphine ReagentRr.: TgERabBedrgn Lett. IRAH,
M R:, Resol ution argk, 2529-2530,C0nparative Anti-HIV Eval uati on of the
Enantiomers of 550, cuiadddid, #°3.7 Rafon BLY Y MaleyMB. FShdzan,
R.A.; Boyd, M.R., A Semiautomated Multiparameter
5 Approach for Anti~HIV Drug Screening, J. Virol.
Methods, 1991, 33, 87-100.
21. Larder, B.A.; Darby, G.; Richman, D.D., HIV with

reduced Sensitivity to Zidovudine (AZT) isolated
during Prolonged Therapy. Science, 1989, 243, 1731~
1734. .

Nunberg, J.H.; Schleif, W.A.; Boots, E.J.; O‘Brien,
J.A.; Quintero, J.C.; Hoffman, J.M.; Emini, E.A.;
Goldman, M.E., Viral Resistance to Human

10 :
22.

Immunodeficiency Virus Type 1l-specific Pyridinone

Reverse Transriptase, J.Virol., 1991, 65, 4887-4892.
WO 94/14789, published TJuly 7, 1994 (Smithkline
Beecham Corporation) to optically pure
inophyllum and calophyllolide compounds extracted
inophyllum as well as

15
23.
relates

from leaves and twigs of C.

20 procedures for synthesizing inophyllum, calanolide
and other related coumarin derivatives.

24. Crombie, L.; Jones, Raymond C.F.; Palmer, Christopher
J., Synthesis of Mammeins and Surangin A, Tetrahedron
Letters, 1995, 26, 2929-2932 relates to general
25 synthetic procedures for preparing 4-alkyl and 4-aryl
mammea coumarins.

Kashman, Y.;  Gustafson, K.R.; Fuller, R.W.;
Cardellina, J.H., II; McMahon, J.B.; Currens, M.J.;
Buckheit, R.W., Jr.; Hughes, S.H.; Cragg, G.M.; Boyd,
M.R., The Calanolides, a Novel HIV-Inhibitory Class
of Coumarin Derivatives from the Tropical Rainforest
Tree, Calophyllum lanigerum, J. Med. Chem., 1992, 35,
2735-2743 relates to eight enantiomers of various
calanolides and twigs of
Calophyllum langerium and chemical and biological

Enantiomerically pure

25.

30

extracted from fruit
35
characterization of the same.
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5, 1011-1014. 14. Deshpande, P. P.., Tagliaferri, F.; Victory, S F.;

Yan, S.; Baker, D. .C., Synthesis of Optically Active. ..Cal anol i des
A and B. J. Og. Chem 1995, 60, 2964- 10 2965. 15. Fora
review, see N elsen, A T.; Houlihan, WJ., The al do
Condensation. Og. React. 1968, 16, 1-438. 16. For reviews, see:

(a) Mukaiyama, T., The Directed Al dol Reaction. Og. 15 React .

1982, 28, 203-331. a (b)) Reetz, M-Z4~ Chel ation or Non-Chel ation
Cont r ol in Addition Reactions of Chiral [err]- and

[err]-Al koxy calanolidegonykreonpeshdd, AnyewanCieMIVi-nt . rEderEag.

1984, 23, 556-569. 20 transcrip€hseShebgifey! : Baba, A, Organotin
Enol ates in anic Synthesis. Org. Prep. Proc. Int. 1994,

) : O
26, 85-100. 2§7. CpBPSy (HuFew LILAcatichi #f cAanPhenyd, ande 4-
Duthal er, R O; HafnerdlkylcGhmaningitdni umMaGmea exaserfcana L., OMammea

Enanti osel ecgi ve Additjen; UGl eqpiy | t rbonyl G oups.
Chem Rev., 1992, 92, %Sg%ﬁéﬁgaﬁd fa' arophy1ien JRUEII Y PRas
. 18. For a review on chhrarabegrRPRY npt ex¥assseEppatepmetry, Tetrahedron

Letters, = 1972, 341, 3187-3190 relates to
identification of 4-phenyl and 4-alkylcoumarins in
. Mammea americana L. extracts by GC\MS. '
10 27. _Crombie, L. and Games, D.E. Isolation and Structure
of Mammea B/BA, B/BB, B/BC and C/BB; A Group of 4-n-
Propyl- and 4-n-Amyl-Coumarin Extractives of Mammea
americana L., Tetrahedron.Létters, 2, 151-156 relates
to isolation of 4-alkyl mammea coumarins from’Mammea
15 : americana L. extracts.
28. Palmer, C.J.; Josephs,  J.L.; Synthesis of the
Calophyllum Coumarins, Tetrahedron Letters, 1994, 35,
5363-5366 is directed to synthesis of various
coumarins and characterization thereof.
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- L.; Goodnman, JM: M, Al dol Reacti ons in 30

Pol ypropi nonatc Synthesis: H-gh [err]-Face Selectivity .+~ of- Eno
Borinates from[err]-Chiral Methyl and Ethyl Ket ones under-" "’
Substrate Control.. Tetrahedron Lett. 1989, 30, 7121-7124 and
references cited therein. 19. Tsunode4s4.; Yamanmiya, Y.; Kawanura,
Y.; Ito, S., 35 M t sunobu Acyl ation of Sterlcally Cbngested
Secondary WHAT AIS CBAEMBY 1S:

N,N, N[err],Nerr]- Tetrﬁ”Ethﬂ'ﬁéﬁﬁ%&af@PX@W& re??g%%h?%nofeéF)_ES%%nOllde

- 43- Trlbut osphi ne Reagents.
. 36, 2529-2530. %Q! %ﬂ‘ @'\)%k? eEF?gP McMahon, J.B.; Staley, P.G;
Mnan, (a) reactlng_ 5,7~ dlhydroxy-s-propiony1_4_

propylcoumarin with 4,4-dimethoxy~-2-methylbutan-2-o0l so as
to produce 5-hydroxy-2,2-dimethyl-6-propionyl~10-propyl-
2H,8H-benzo([1,2~b:3,4-b’)-dipyran~8-one;

(b) reacting S-hydroxy—z,2-dimethyl—s-pfopionyl-lo—
propyl-2H,8H-benzo(l,2-b:3,4-b’]~-dipyran-8-one with
acetaldehyde diethyl acetal in the presence of an acid
catalyst to form l2-oxocalanolide A; and

(c) reducing_12-oxocalanolide_A so as to form (%)~
calanolide A. {

2. The method of claim i, whereip the acid catalyst
comprises sulfuric acid, trifluorocacetic acid, or
methanesulfonic acid.

3. The method of claim 1, wherein step (c)' is
performed with a reducing agent comprising sodium
borohydride, zinc borohydride, borane, or selectrides in
the presence of a metal additive comprising CeCl;(H,0),,
znCl,, AlCl,;, TiCl,, SnCl;, or LnCl, or their mixture with
triphenylphosphine oxide.

4. The method of claim 3, wherein step (c) is
performed with sodium borohydride and CeCl; (H,0),.

5. The method of claim 1, wherein step (a) 5,7-
| dihydroxy-8-propionyl-4-propylcoumarin is prepared by
' (a) condensing ethyl butyrylacetate’ and
phloroglucinol in the presencé of an acid catalyst to form
5,7-dihydroxy-4¥propylcoumarin; and
(b) acylating 5,7-dihydroxy-~-4-propylcoumarin with
propionyl chloride in the presence of-a’Lewis acid to form
5,7-dihydroxy~-8-propionyl-4~-propylcoumarin.
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R A ; Boyd, MR, A Sem automated Milti paranmeter 5 Appr oach ‘f.or -

Anti-H YV Drug Screening, J. Virol. Met hods, 1991, 33, 87-.100.
21. Larder, B.A.; Darby, G; Richman, D.D., HV with Co . reduced
Sensitivity to Zldovudlne (AZT) isolated - during Prol onged
Therapy. Science, 1989, 243, 1731 10 1734. 22. "Nunberg,
J.H; Schleif, VV/\ Boots, E.J.; O Brien, J.A; Qintero, J.C;
Hof f man, J. M ;- Enini, E. A ;. Gol deggyy M E., Viral Resistance to
Human | mmunodeficiency Virus Type 1-specific Pyridinone 15

Reverse Transri ptase, sl\frmﬁe méeRdd 6%, A3qh 4892wherein 2Bep WA) acid

94/ 14789, DUMIzégx? ?ngfﬁggé sﬁ%ghLQE|EQQd tr#F*qorJ%é%¥¥Hnac1d

Cor poration) rel

cal ophyl | ol i de cdtRiaARRS tbkﬁqravﬁ eadnd, or trlflﬁ%m%%qnmw@coﬁ C.
i nophyl lum as well as 20 procedures for synthesizing |nophyllun1

cal anol i de her ed_counmri deri vat.i ve
Cronmbie, L.; Jones, Ra'm)ng1L gﬁ%ﬁ&n%? H“s?épﬁ’ r2in’Step (x| féuis
Synt hesi s of Mamesgid m:p&smgilﬂe, ZBClﬁhéljJQ‘la BF;, POCI, Qetsmth,. 1995,

26, 2929-2932 relates to general 25 synthetic procedures for

preparing 4-al kyl and 4-ary| manmea counarins.
8. S-Hydroxy-2,2-dimethyl-6-propionyl=~- 10-propyl-

2H,8H-benzo[l1l,2-b:3,4~-b’]~dipyran~-8-one.
9. 5,7-Dihydroxy-8-propionyl-4-propylcoumarin.

10. A method for the preparation of (%)-calanolide

i

A comprising steps of: _
(a) reacting chromene 4 with paraldehyde in the

P

presence of an acid catalyst

to form chromanone 7;
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25. Kashman, Y.; CQustafson, KR ; Ful l er, RW;

Cardellina, J.H, Il; MMhon, J.B.; Currens, MJ.; .Buckhei t,

R W, Jr.; Hughes, S.H; Cragg, G M; Boyd, 30 MR , The R
Cal anol i des, a Novel H V-Inhibitory C ass of Counarin
Derivatives fromthe Tropical Rainforest Tree, Cal ophyl | um

| ani gerum J. Med. Chem, 1992, 35, 2735-2743 rel ates to ejght
enanti oners of -vari ous 4 cal anol i deg7extracted fromfruit and
twigs of 35 Cal ophyl I um | angeri um and chem cal and bi ol ogi ca

characterization of thdbjanwedHEginygi oceromahdéyepuTe so as to form ()~
cal anolides werecahgpb8gdaef@r anti-H V-1 reverse :

11. The method of claim 10, wherein step (a) acid
catalyst comprises trifluorocacetic acid,
trifluoromethanesulfonic acid, methanesulfonic acid, or
‘pyridinium salts thereof. '

12. The method of claim 10, wherein step (b)-is
performed with a "reducing agent comprising sodium
borohydride, zinc borohydride, borane or selectrides in
the pfesence of a metal additive comprising cCeCl;(H,0),,
zZnCl,, Alcl,;, TiCi,, SnCl;, LnCl, or mixtures thereof with
triphenylphosphine oxide.

13. A method for the preiaration of chromene 4

comprising the steps of:

. (a) acylating 5,7-dihydroxy-4-propylcoumarin with
propionic anhydride in the presence of a Lewis acid so as
to produce 5,7—dihydroxy-8-propiony1-44propylcoumarin;

~ (b) reacting said 5,7-dihydroxy-8-propionyl=-4-
propylcoumarin with 4,4-dimethoxy-2-methylbutan-2-ol in
the presence of a'base so as to produce chromerie 4. '

14. The method of claim 13, wherein ste§ (a) Lewis
acid comprises AlCl,, 2ZnCl,, TiCl,, BF,, POCl, or SnCl,.

- This is the repl-acemeht sheet
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transcri ptase activity. 26. Ganes, D.E., ldentification of

4- Phenyl and 4- . ' Al kyl coumarins in Manmea Anericana L., .
Manmea 5 Africana G Don and Cal ophyl l.um I nophyllum by.Gs ,,’ ",,"
Chr onat ogr aphy - Mass Spectronetry, Tetrahedron Letters,. 1972,
341, 3187-3190 - rel ates to S i dentification of 4-phenyl and
4-al kyl coumarins in Manmea anericana L. extracts by GO\MS. 10
27. Cronbie, L. and Ganes,, D.E. Isol ati oragé Structure of
Manmrea B/ BA, B/ BB, B/BC and C/ BB; A G oup of 4-n- Propyl - and

4-n- Anyl - Coumari n Ext A&t i Toe ofetilodnexf claim 13, wheretanstkp, (b) base

Tetrahedron Lett%b&pr%se%51p}§§diﬁéate@-dlmethylamlﬁéb§§£&fﬁé(”]églégg?lel
mammea coumarins fr.om dﬂg} anericana L. extract

Pal her, C.J. 13"‘1’%"}4@&% lcfs'd("r?@ablcy"-'1°[4'éer|°dﬁwﬂ‘l5um
Coumari ns, Tetral&aéron(mmﬂersl 8984azabicyclo(5, 4, 058Ade8366ehe di(pmetyed

to synthesis of LahiQUS carbonate ofCUBBELHSHB-EBALRGL T Zati on thereof .

16. .The method of claim 13, wherein step (b) is
conducted in the presence of a solvent comprising N,N-
dimethylformamide (DMF), toluene, 1,2~dichloroethane and
THF. .

17. A method for preparation of chromanone 7

comprising cyclizing of aldol product 7b

in the presence of an acid or in the presence of an azo
compound and a phosphorus derivative.

[N D This i the replacement shest
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-45- WHAT IS CLAIMED | S: 1. A nethod for the preparation of -
()-calanolide A conprising the steps of: : (a) reactlng a Tal
5, 7- di hydr oxy- 8- propi onyl -4- propyl coumarin with 3 s s
4, 4- di met hoxy- 2- met hyl but an-2-ol so as to produce '

5- hydr oxy- 2, 2- di met hyl - 6- pr opi onyl - 10- pr opy| -

2H, 8FLbenzo[1 2-b: 3, 4-b' ] -di pyran- 8-one; (b) reacting

. 5- hydr oxy- 2, 2-.di net hyl - 6- pr.opi onyl -1 0- -49- :
propyl-2H,8H—benzo[1,2-b:3,4-b']-dipyran-8-one wi t h acet al dehyde di et hyl
acetal in the presencei®f arhecimettsddl vt icQafiar ML¥2- owheskanol tHe Asciid

(c) reducing 12-‘$&9§g9k§g i deséﬁgrfa‘_%et.o. Lanm ([er h]l)) S Aol Lde ﬁquc?'C

2. The nmethod o , Whereéin a0| cdt al 13es° su
acid, trifluorodeetifduareacetdrc net Reidul f oret @Rﬁsu fonic  acid,

trifluoromethanesulfonic acid, p-tosylic acid, acetic acid
or mixtures thereof. ‘

19 The method of claim 17, wherein the azo compound
comprises diethYl azodicarboxylaté (DEAD), diispropyl
azodicarboxylate (DIAD), dibutyl azodicarboxylate (DBAD),
dipiperidinoazodicafboxoamide, bis (N*-methylpiperazin-1-
yl)azodicarboxamide, dimorpholincazodicarboxamide, or
N,N,N’,N’~-tetramethylazodicarboxomide (TMAD).

20. The method of claim 17, wherein the phosphorous
derivative  comprises : triphenylphosphiné, tri-n-
butylphosphine, triethylphospﬁine, trimethylphosphine and
tris(dimethylamino)phosphine. '

21. The method of claim 17, wherein said aldol
product 7b is prepared by reacting chromene 4

with acetaldehyde in the presence of a base or metal
complex.

- This is the replacement sheet
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3. The nmethod of claim1, wherein step (c) is performed with a.
reduci ng agent conprising sodiumborohydride, zinc borohydride,. borane,.
or selectrides in the presence of a netal additive conprising ..’ P
CeCl 3(H err]Oferr], ZnC[err], AId][err], TidJ[err], SndJ[err], or
LnC [err] or their mxture with triphenyl phosphi ne oxi de. -4, The
met hod of claim 3, wherein step (c) is performed with sodi um borohydri de
and Ced [err] (Herr]OJferrk. 5. Thegoret hod of claim 1, wherein
step (a) 5,7- dihydroxy-8-propionyl-4-propylcounmarin is prepared by
(a) condensing et hg2. Thet ymgthodt abf claim @d,or sierditol the t base
presence of an acj : Sty t - gdi bydr gxy-4-13r o rip; _and
(b) acylating 5, 753 gf“%{%tér@%fy%ﬂ?%%mégﬁﬁ%’?ﬁgw tg hxnféoag Qﬁ%&%ﬁ%‘ri gemleﬁag.he
presence of a Lew¥9§dpg:i8 f“Gthl amide, an amine, or LiHMDS.
5, 7-di hydr oxy- 8- pr opi onyl - 4- propyl coumari n. ' :
. 23. The method of claim 21, wherein the metal
complex comprises TicCl,, (i-Pro),Ticl, (i-Pro),Ti, PhBCl,,

(n-Bu),BCl, BF;, (n-Bu),;SnCl,SnCl,, ZnCl,, MgBr,, or Et,AlCl.

24. The method of claim 23, further comprising a
chiral auxiliary comprising 1,1’-binaphthol,
norephedrinesulfonate, camphanediol, diacetone glucose or
dialkyl tartrate.

25. A method of preparation of chromanone 7 '

comprising treating cis-chromanone 7a

Ta
with a base so as to form chromancne 7.

This is the replacerment sheet
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-46-

6.

The nethod of claimb5, wherein stép (a) acid catalyst '

conprises sulfuric-acid, trifluoroacetic acid, nethanesulfonic acid, er

2H, 8H benzo(1, 2-b: 3,4-b' ] - di pyran- 8- one. -51~ .

'26. The method of claim 25, wherein the base
comprises a metal hydroxide, a metal alkoxide, a metal
hydride, a metal amide, an amine, or LiHMDS. |

27. A method of chiral resolution 6f {x)—-calanoclide
A into its optically active forms, (+)-calanolide A énd
(=)-calanolide A, comprising passing (+)-calanolide A
through a column comprising a chiral solid phase using an
organic solvent system as a mobile phase.

28. The method of claim 27, wherein said chiral
solid phase comprises amylose carbamate, D-phenylglyciné,
L-phenylglycine, D-leucine, L-leucine, D-naphthylalanine,
L-naphthylalanine, or L-naphthylleucine. g

29. The method of claim 27, wherein the column

‘comprises an HPLC column.

30. The method of claim 27, wherein the chiral solid
phase comprises amylose carbamate.

31. The method of claim 27, wherein a mobile phase
comprising hexane, heptane, cyclochexane, ethyl acetate,

methanol, ethanol, isopropanol or mixtures thereof.

32. The method of claim 31, wherein the mobile phase

comprises a mixture of hexane and ethyl acetate.

33. A method for the chiral resolution (+)=-
calanclide A comprising the steps of:

(a) contacting (+) ~calanolide A with an enzyme and
an acylating agent to as to form a diastereomeric mixture
of esterified and unesterified calanolide A; and

(b) separatiné out the esterified calanolide A from
the mixture. '

_ This is the repigacement sheet
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trifluoronet hanesul fonic aci d. 7. The nethod of claim5, wherebn®
- step (b) Lewis acid conprises Al [err], ZnC[err], TiCJ[err], BFferr],

POCl[err] or SndJ[err]. - 8. ’ o

5- Hydr oxy- 2, 2- di net hyl - 6- pr opi onyl - 10- pr opyl -



9. 5, 7- Di hydr oxy- 8- pr opi onyl - 4- pr opyl counari n. 10. A nmethod fer’

t he preparation of ()-calanolide A conprising steps of: .(a):neéetihgﬁ
chromene 4 with paral dehyde in the presence of an acid catal yst- T
[err] ) 4 to formchromanone 7;

a : -52-

34. The method of claim 33, wherein the enzyme
comprises lipase CC (Candida Cylindracea), 1lipase AK
(Candida Cylindracea), lipase AY (Candida Cylindracea),

. lipase PS'(Pseudomonas Species), lipase AP (aspergillus
niger), lipase N (Rhizopus nieveuis), lipase FAP (Rhizopus
nieveus), lipase PP (Porcine Pancrease), Pig (porcine)
Liver Esterase (PLE), Pig Liver Acetone Powder (PLAP), or
subtilisin.

35. The method of claim 34, wherein the enzyme is
immobilized on cellite, molecular sieves, or ion exchange
resin.

36. The method of claim 33, wherein the acylating
agent comprises vinyl acetéte, vinyl propionate, vinyl
butyrate, acetic anhydride, propionic anhydride, phthalic
anhydride, acetic acid, propionic acid, hexanoic acid or
octancic acid.

37. S5-Hydroxy-2,2-dimethyl-6-(2-methyl-3-
hydroxybutYro)-lo-propyl-ZH,8H-benzo[1,2-b:3,4-b’)dipyran-
8-one ' '

A A L This s the replacamen o AMENDED SHEET
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4 | -53-
38. 10,11-cis-Dihydro-6,6,10,11,tetramethyl-4-

progyl-ZH,6H,12H-benzo[1,2-b:3,4-b’:5,6-b"]-tripyran-2,12-
dione ' '

7a «
'39. (-)-Calanolide A.

40. An antiviral compoéition which comprises an
antiviral effective, non-toxic amount of (+)-calanolide A
or (-)-calanolide A and a pharmaceutically acceptable
carrier. ' '

41. The composition of claim 40, which further
comprises an antiviral effective amount of at least one
additional antiviral compound.

42. The composition of claim 41, wherein said
antiviral compound comprises AZT or DDC. '

43. A method of preventing or treating a viral
infection in a mammal comprises administering to a mammal
an antiviral effective, non-toxic amount of (+)-calanolide
A or (-)-calanolide A.

44. The method of claim 43, which further comprises
co-administering an antiviral effective amount of at least
one additional antiviral compound.

This _i; the replacement sheet 0 “EE‘ h
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(b) reducing chronahone 7 so as to form ([err])- calanolide A 11.

The nmethod of claim 10, wherein step (a) acid catalyst . conprises. .
trifluoroacetic acid, trifluoronethanesul fonic acid, nethanesulfonic,,"’
acid, or pyridiniumsalts thereof. 12. The method of claim 10,

wher ei n step (b) is performed with a reducing agent conprising sodium
bor ohydri de, zi'nc borohydride, borane or selectrides in the presence of a.
metal additive conprising GeC [err](Herr]&my+])[err], zZndJ[err],
Al-Cl[err], TiGTJlerr], Snd[err], LnC[err] or mxtures thereof with
trlphenylphosphlne oxi4fe. The methbd/bﬁnnﬂammeﬁ,tWhB##E@aﬁ%ddcnntﬁVLral

chromene 4 ° compound comprises AZT or DDC.

46. The method of claim 41, wherein said wviral
infection is by retrovirus.

47. The method of claim 46, wherein said retrovirus
is a human immunodeficiency virus (HIV).

48. The method of claim 43, wherein the mammal is a

human.

I e e remecomemeheet peago st
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[err] conprising the steps of: (a) acyl ating

5, 7- di hydr oxy-4- propyl counarin with propionic anhydride in the presence of
a Lewis acid so as to produce 5, 7-di hydroxy- 8- propionyl -4-propyl coumarin;
(b) reacting said 5, 7-di hydr oxy- 8- pr opi onyl:- 4- propyl coumarin with

4, 4- di met hoxy- 2- net hyl but an-2-ol in the presen of a base so as to produce
chronene 4. 14. The nmethod of claiml %ﬁerel n step (a) Lews agid
conprises AlCl[err], ZnCl[earr], Tid[err], PCC [err] or Snd [eU]

rv

i ————— 2 W 5
, / 25
| 4 s %
| | 1 55
) ! -
| | -2 83
f 2>
| f Lg:?:aé’;
E g
NI
3z z LB
o= X | -85-
> g K ~N
§ ﬁa X : _g,%
> x 5 % | |88
| | e
i & ke
| - B
X | Ll Ly SE
i © 23
X i ! -g >§
| g &z
<! N S R S e I B e e !é g g%
[~
< spstEsEepEeey 1O
O -
El Sgas
9
“8 8

This is the replacement sheet -

B AMENDEbSHEEl | Date: 2 8 FFB ygg']

-



-48-
pyri di ne, 4-di nethylam napyri di ne,
1, 5-di azabi cycl o[ 4, 3, 0] non-5- ene
1, 8-di azabi cycl o[ 5, 4, 0] undec- 7- ene
bi car bonat e.

triethyl- am ne,
(DBN),
(DBY),

and THF{-)

(%)

ng N, N-. di net hyl f or mam

15. The method of claim 13, wherein step (b) base conprises

N, N-di et hyl ani | i ne,

sodi um car bonate or sodi um
16. The method of claim 1& wherein step (b) is

conducted in the presence of a solvent commi
(DVWF), toluene, 1,2-dichlaroethane
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conprising cyclizing of aldol product 7b

17. A method for preparation of chr omanone 7
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18. The net hod of
hydr ochl ori c

aci d,
acid,

- 49-

sul furic
nmet hanesul f oni ¢

acid,

wherein the acid conprises

In the presence of an acid or in the presence of an azo conpound and a
trifluoroacetic

phosphorus derivative.
claim 17,

acid,

-
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trifluoronethanesul fonic acid, p-tosylic acid, acetic acid or m xtures
19 The nmethod of claim 17, wherein the azo conpound
azodi car boxyl at e ( DEAD)
azodi car boxyl ate (DBAD),
bi s(N[ err]-net hyl pi perazi n-1-yl)azodi car boxamg.de,
N, NN N, N g g%
The met hod of claim 17,
.tri phenyl phosphi n¥
tri met hyl phosphi ne and t

t her eof .
conpri ses di et hyl
(DI AD), di butyl

di nor phol i noazodi car boxam de,
( TMAD) . 20.
derivative conpri ses
tri et hyl phosphi ne,

or

di i spropyl

ramet hyl azod
rein the phosphorous
~butyl phosphi ne, =
di met hyl am no).phosphi ne.&

tri-n-

azodi car boxyl at e
di pi peri di noazodi car boxoam de,

| car boxom de

twy
-

. 21. The nethod of claim17, wherein said aldolgproduct 7b is prepared 1W

reacting chronene 4
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with acetal dehyde in the presence of a base or netal conpl ex.
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- 50- 22. The nmethod of <claim 21, wherein the base conprises
a netal hydroxide, a netal al koxide, a netal hydride, a netal am de, an
am ne, or LiHMDS. - 23. The nmethod of <claim 21, wherein the
metal conplex conprises TiC [err], (i-PrOferr]Tid, (i-PrOA4Ti,

PhBCl [err], (n-Bu)[err]BCd, BFferr], (n-Bu r]Snd ,sSnC[err], ZnC[err],

MyBr[err], or Et[er]rA d. 24. The get$od of claim 23, further =
conprising a chiral auxiliary conpri g rﬁ 1, 1' - bi napht hol , ?
nor ephedri nesul fonate, canphanediol’, di acetor® gl ucose or dialkyl tar tEat e.
25. A nethod of preparation of chromanone% L %
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conprising treating ci s- chr omanone 7a
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with a base so as to form chromanone 7.

-51- 26. The nethod. of claim 25, wherein the base conprises a
metal hydroxide, a netal al koxide,.-a netal hydride, a netal am de, an

am ne, or Li HVDS. 27. A nmethod of ;chiral resolution of ()-calanolide
Ainto its optically active forms, (+)-calanol&de A and (-)-calanolide A

conprising passing ()-calanolide A t hr ough | um conprising a chira
solid phase usi ng an orgam c soI vent systenua a nobi |l e phase.
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PN

."28. The met hod of claim 27, wherein said chiral solid phase conprises
anyl ose carbamate, D phenyl glyeine, L-phenylglycine, D Ieucine, L-Ieucine,
D- napht hyl al ani ne, L-napht hyl al ani ne, or L-naphthyl | eucine. 29. The

met hod of claim 27, wherein the colum conpriggs an HPLC col um. 30.

The method of claim 27, wherein the chiral sol&d phase conprises anyl ose
car bamat e. 31. The nethod of claim Z, erein a nobil e phase
- conprising hexane, heptang, cyclohexane, etldyR)acetate, nethanol, eth

the nobil e phase conprises a m xture of he>§.n

I-S

| sopropanol or m xtures thereof. 32.»-T§ met hod of cl aim 31, & ein
&

and et hyl acetate.
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33 A nmethod for the chiral resolution ([err])- calanolide A conprising the

steps of: (a) contacting ()-calanolide Awth an enzyme and an
acylating agent to as to forma diastereoneric mxture of ‘esterified and
unesterified cal anolide A, and (b) separéting out the esterified
cal anolide A fromthe m xture. ' o _ -52-
34. The nethod of claim 33, wherein the egz conprises 'lipase CC b=
(Candida Cylindracea), |ipase AK _ §E , 3
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(Candi da Cylindracea), |ipase AY (Candida Cylindracea), |ipase PS

(Pseudononas Species), |ipase AP (aspergillus niger), |ipase N (Rhizopus
ni eveui s), lipase FAP (Rhi zopus nieveus), |ipase PP (Porcine Pancrease),
Pi'g (porcine) Liver Esterase (PLE), Pig Liver_ Acetone Powder (PLAP), or
subtilisin. 35.. The nethod of ciai m 34% wherein the enzynme is
i.mobi | i zed on cellite, nol ecul ar sieves, n exchange resin. = 36.
The nmethod of claim 33, wherein the acyl at Ragtpagent conprises vinyl Eﬁ
acetate, vinyl propionate, vinyl. butyrateesaketic anhydride, propionii
anhydride, phthalic anhydride, acetic aci dXpsbpionic acid, hexanoic aﬁ d
or octanoic acid. - 37.  5-Hydroxy-2, 2- degvet hyl - 6- ( 2- et hyl % v
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[err]

10, 11-ci s- Di hydro-6, 6, 10,
-tripyran-2,12- dione

propyl - 2H, 6H, 12H benzo[ 1,
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[err] .39.

conposi tion which conpr
()-calanolide A or (-)-

carrier. 41. The
antiviral effectlve ano
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SUMMARY GRAPH

FIG. 3D

(-)-Cal anolide A 40. An antiviral

ises an antiviral effective, non-toxic anmount of

cal anolide A and a pharnmaceutically acceptable
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addi tignal antiviral conpound. 42. The conposition of claim41,
wherein said antiviral conpound conprises AZT or DDC. 43. A net hod
of preventing or treating a viral infection in a manmmal conprises

adm nistering to a mammal - an antiviral effective, non-toxic anmount of
([err])-calanolide A or (-)-calanolide A 44. The nethod of claim
43, which further conprises co-administeri NG % antiviral effective anopunt

hol. A _ e
of- at I.east. one addi ti onal. .antiviral corrpoua.d.s %J)
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- 54- 45. The net hod of cl ai m 44, wherein said antiviral conmpound

conpri ses AZT or DDC. - 46. The nethod of claim4l, wherein said
viral infection is by retrovirus. 47. The net hod of claim 46,
wherein said retrovirus is a human i nmunodeficiency virus (H.V). 48.
The met hod of claim 43, wherein the mamal is% human.
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