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ABSTRACT

Very few protocols have been developed for the synthesis of chiral isochromanols. In

recent years the active group of Giles et al. havedeveloped a very successful and highly

efficient protocol using (^9)-ethyl lactate as chiral building block which fixes rezultant

chirality at C-3 of the pyran ring. Following a most effrcient separation of

diastereoisomers at the enantiomeric C-l centre and a highly stereospecific ring closure

at the aryl ring the Giles' goup were able to after oxidation synthesize both chirally

pure 4-hydroxy-isochromanquinones as well as the chirally pure quinones A and A'

after Diels Alder cycloadditions with appropriate dienes.

In the present approach a dialkoxylated ortho alkenyl acetyl benzene was reduced to the

chiral @)-l'-hydroryethyl anlogue and the enantiomeric excesses were determined and

varied from 64 - 80 % depending on the substituents. The notion was that the chiral

centre, now at the C-l equivalent position of the pyran ring, would induce preferred

chirality at C-3 during the cyclisation of the dialkorylated ortho alkenyl hydroryethyl

benzene. Initial attempts at chiral reduction for the non-conjugated prop-2'-enyl isomer

lead to a 7 o/oyield of the chiral alcohol together with a large array of other products

which were identified. Similar reduction on the conjugated prop-l'-enyl isomer proved

to be much more successful but in this case a dimeric product was always produced

which was identified.

Mercury@) mediated ring closure under an atmosphere of nitrogen afforded in the main

two chiral isochromanes and a benzofuran which could not be effectively separated at

this stage. Chemically pure samples where possible were isolated and fully

characterized.
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Debenzylation of the 3-benzylory analogues of the isochromanes afforded the

corresponding phenols which were then oxidized to the quinones and these were

separated on the chromatotron to afford pure samples of two isochromanquinones as

well as a benzofuranquinone. The enantiomeric excesses of the isochromanquinones

were measured between 48 - 69 %.

Finally the mercury(tr) mediated synthesis of 4-hydroxyisochromanes was applied to

our precursors in order to obtain chiral 4-hydroryisochromanquinones in the hope that

these would have higher biological activity compared to the non-hydrorylated

analogues. It was found that the method had to be modified somewhat before

hydrorylation took place. At the outset of this method of cyclisation followed by

hydrorylation under an atmosphere of o)rygen, it was unknown to what extent induced

chirality atC4 would occur.

In this way we were able to isolate (Rx.9xR>5-benzyloxy-6-methoxy-1,3-dimethyl

isochroman4-ol in chirally pure form which was fully characterized and from the chiral

shift reagent @uropium tris[3-heptafluoropropylhydromethorymethylene (+)

camphoratel) it appeared that the molecuie was chirally pure. Debenzylation followed

by Fremy salt oxidation lead to the isolation and characterization of (R)(^9XRla-

hydory-6-methory-1,3-dimethylisochromanquinone which also, from comparative

spectra containing europium shift reagent appeared to be chirally pure.

All quinonoid compounds have been evaluated and results compared to the racemic

isomers. In the cases of the racemic 4-deory- compared to the chiral 4-deory

pyranquinones and racemic 4-hydrory- compared to the chiral 4-hydrorypyranquinones

there was no marked difference in inhibitory activity. However the 4-

hydrorypyranquinones were more inhibitory compared to the 4-deory analogues.
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SECTION 1. INTRODUCTION

The synthesis of quinones is a very important topic, which is showing a continuing

interest because the quinone subunit is contained in a significant number of biologically

important natural products. This subunit is present in anticancer agents, antibiotics,

antifungal and anticoccidal agentsr.

1.1. Benzoisochromanquinones. Natural occurrence and biological

activity

The isolation, characterization and structural determination of nanaomycins d B and C

from Streptomyces rosa var. notoensis has been reported by Omura and co-workers in

19142, who also demonstrated that these compounds are powerful antifungal antibiotics.

In1976 Omura reported the isolation of nanaomycin D 1, the conversion of nanaomycin

A 3 into nanaomycin D 1, and the evidence that nanaomycin D I is the enantiomer of

kalafungin 2, obtained from Streptomyces tanashiensil.

OH

-o

MeMe

(ls,3s,4s)
tll

(1R,3&4R)

12I

Nanaomycin A 3, a member of the family of pyranonaphthoquinone antibiotics, exhibits

significant antimicrobial2 activity and bears potential antineoplastic activity4.

I
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o
t3l

Hongconin 4 belongs to the broad family of naphthohydropyranquinones and has been

used by people in southern China especially for coronary disorders. Hongconin was

isolated from the rhisome of Eleutherine americana Merr et Heyne (kidaceae) and

showed cardioprotective activity against angina pectoris in preliminary clinical trialss.

@Hr cHs

cHr

Frenocilins A 5, B 6 and deoxyfrenolicin 7 are members of the pyranonaphthoquinone

family of antibiotics, which were isolated from Streptomyces/radiae6'1.

Pr

oOH

I4I

OH
.H.HPr

H
o
t6t

o
I5I o

2
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These natural products are related to kalafungin 2 and nanaomycin A 3 and are

antimicrobial agents upon bioreduction8.

The arizonins (8-f3) were first isolated from the fermentation broth of Actionoplanes

sp. AB66OD-122 by Hochlowski et al.e'ro and were found to exhibit antimicrobial

activity against pathogenic strains of Gram-positive bacteria.

Rr

H

o

o

Arizonin Al 8, fuizonin Bl 9, Arizonin Cl 10

Arizonin A1, Rl = CH3, R2 : H; Arizonin Bl, Rl : H, R2 = CH:i

Arizonin Cl, Rl : R2: CIII

3
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Rlo

H

,,,, ll|

oR3

Arizonin M ll, Arizonin 8212, Arizonin C3 13

COOCH3

o

Arizonin A2, Rl : CH3, n3: n': H; Arizonin 82, Rl : E Rz: CH3, R3 : H
Arizonin C3, Rl : Bf : R3: CHI

1.2. Bioactivation

Bioactivation as a mechanism of drug action consists in the transformation of

biologically inactive compounds into active ones subsequent to an in vivo

transformation. Certain compounds can function as bioreductive alkylating agents, that

is, compounds which became potent alkylating agents after they undergo a reduction in

vivo.

Bioreductive Alkylation

The four simple models that can be used to catalog potential bioreductive alkylating

agentsn are:

Model 1 - Activated eneamines

Model2 - Vinylogous quinone methides

Model3 - Simple quinone methides

Model4 - cr-methylene lactones or lactams

For our purposes we will only discuss models 2 and 3 since they are applicable to

4

qumones.
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Model 2 - Vinylogous quinone methides2

The alkenyl- substituted quinones, such as 14, which are functionalized with a leaving

group X at the 3 position on the side chain, could be reduced in vivo to the

hydroquinone 15 (Scheme 1).

[141

<__

[171 [161

Scheme I

Subsequent loss of tD( would give the vinylogous quinone methide 16, which then

functions as a potent alkylating agent via a Michael addition reaction.

Kinamycin C 18 is an indole quinone, has shown marked antibiotic activity. There are

close structural relationships between kinamycin C 18 and mitoycin C 19.

-==.=>
reduction

H
tlsl

l*

5
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Kinamycin C 18 has potential leaving groups, (OCOCH3) at positions analogous to

position 1 and 10 of mitomycin C 19. Thus it may also function as a bioreductive

alkylating agent as outlined in Scheme 2 (model})2.

OCOCH3

HzN

cHr

l0

@Hr

oHo

c

CN OCOCH3

tlEl --------->

o

I18I [1el

( OCOCH3

OH OH CN

[201

l22l

Scheme 2

---+

---------l>

l2tl

Nu9
-/

6
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The proposed active forms of kinamycin C and mitomycin C, respectively 22 and 24,

further suggests that simple alkenyl- and dienyl-substituted quinones may function

directly as alkylating agents (Michael acceptors) and thus show biological activity.

OCOCH3

CN

l23I

l0
HzN 7

cHa

Model3 - Simple quinone methides

Sartorelli, Lirq and co-workers t'''o suggested a simple quinone methide model. They

have shown that certain simple quinones, which are substituted with one or more

-CH2X groups present marked antineoplastic activity. Based on the obtained results

they proposed that simple quinones such as 25 may function as alkylating agents

according to the mechanism illustrated in Scheme 3.

,

1241

7
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reduction

[28]

Scheme 3

According with this model the simple quinone methides 27 ue the key alkylating agents

generated invivo.

The two anthracyclines, adriamycin2g and daunorubicin 30 are a major class of natural

products that show marked anticancer activity. Adriamycin has the widest spectrum of

clinical activity of any known compoundlt. Clinical evaluations have shown it to have

significant activity against various tumors including leukemia, lung cancer, breast

cancer, sarcoma, Iymphoma and neuroblastomal5. Adriamycin 29 is a hydroquinone,

which is the penultimate precursor to the quinone methide. Direct elimination of the

_---+

o

[2sl 1261

l-
OH

<-
,f\cHz 

\,"o

I27l

8
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sugar moiety would give 31, which would function as a reactive Michael acceptor

(model3).

o
OH

OH

8 o
5

oo OH

12el

OH

OCH3

[311

A mechanism that is even more in accord with the bioreductive alkylation concept

would involve in vivo reduction of the quinone nucleus in adriamycin to give 32'

==.
O r--{
V tI\\.+'

cHr
p0I

OH

o

9
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OH

1321

Elimination of the sugar group could then proceed to give the quinone methide 33,

ideally set up to undergo a Michael addition with any nucleophile viz. bacteial agent.

OH

I33I

Reduction of daunorubicin 30 under mild conditions (NazSzOa) results in its quantitative

conversion to 7-deoxydaunomycinone 34, a tautomer of quinone methide 33'

OH

OstgarOH

OH

6

o

4

[34]

10

80

2

3
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Such a transformation demonstrates that the sugar group at C-7 is exceptionally inclined

to be eliminated from the fully reduced natural product.

Adriamycin has structural similarities to a number a naturally occurring and biologically

active naphthazirins whose mode of action could also be one of bioreductive quinone

methide formationa. Some examples are erythrostominone 3517 and bostricyn 36, which

are antibiotics.

CH3O

CH3O

cHg

o OH

o

OH

13sI

OH

OH

[361

t1
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1.3. Synthetic protocols that have been employed in the synthesis of

benzois ochromanquinones

The benzo[c]pyran (or isochroman) ring system is an intergral subunit of a variety of

dihydronaphthopyranquinones which show biological activity. Numbering of the

benzo[c]pyran and dihydronaphthopyran[2,3-c]pyran ring systems are outlined below.

9 l0

z 8 1

6 J 7 3

4 6 5 4

benzo I c ]pyran dihydronaphtho [ 2,3 -c )pyran

The literature review presented below relates to the syntheses of a wide spectrum of

intermediates, which undergo cyclisation to form the dihydropyran ring.

1.3.f. Cerium(fV) Ammonium Nitrate Mediated Cyclisations

In 1981 Glesr8 and co-workers reported a convenient synthesis of the naphtho[2,3-c]-

pyran ring system which is contained in a variety of naturally occurring quinones.

Using cerium(IV) ammonium nitrate (CAN), the naphthalene dimethyl ether 37,

underwent oxidative cyclisation to afford two naphthopyran quinones 38 (20%) and 39

(s9%) (Scheme 4).

T2
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CAN+

Scheme 4

The authors later showed that cyclisation preceded oxidationle, since when 37 was

treated with 2 mol equivalents of CAN the two naphthopyran htermediates 40 and 41

were isolated.

+

OHo

[3el

OH

138I

OMe

[37]

OHOH OMe

[41]l40I

13
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A mechanism consistent with the experimental observations was also later proposed by

the authors2o as outlined in Scheme 5.

cdv
[37] + .+

a+ OMe

I43I

A

+

l42l

H+<_
oa

tul

"o a [aol or [4rl

The results indicated that for the cerium promoted-oxidative cyclisation of 37, the

methoxy group ortho to the alkenyl group plays a key role. A resonance stabilized

radical cation (42 +> 43 o 44) is formed by oxidation of 37 at the methoxy group ortho

to the alkenyl substituent with cerium(IV) (lmol equiv.). Ring closure and loss of a

proton give rise to a benzylic radical 45 which undergoes oxidation with a second

OMe

[4s]

l"*
t

OMe

+

OMe

I4q

Scheme 5

t4
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cerium ion to give the benzylic carbonium ion 46; this then undergoes nucleophilic

attack by the water present to give the products 40 and 41 20.

1.3.2. Potassium tert-Butoxide Mediated Cyclisations

h an alternate synthetic method Giles et al.zr cyclized 2-(alk-2-enyl)-3-(1-

hydroryalkyl)-1,4-dimethorynaphthalene 47 to the same 4-hydrory derivatives 40 and

41, using potassium tert-butoxide in dimethylformamide in the presence of pure

orygen" (Scheme 6).

tBUOK+
DIvf,q +

Scheme 6

On the other hand anaerobic base-catalyzed cyclisation of47 gave the naphthopyran 48

in which the methyl groups in the pyran ring are stereospecifically rrazs (Scheme 7).

Thus compound 47, when treated with potassium tert-butoide in dimethylformamide

at 60 "C for 15 minutes under nitrogen, gave pyran 4S (100%) free of the corresponding

cis-isomer. Treating compound 47 for a longer time and in the presence of air afforded

the hydrorylated derivative 40 (28%) together with minor amounts of the epimer

4l (7o/o) (Scheme 6).

OH

[411t40l

OMe

a47l

15
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1471
8rE€robic+
,BUOK
DMF,N2

Scheme 7

Giles et a1.22 improved the yields of the 4-hydroxynaphthopyrans by changing the

solvent. This major achievement was established when Dl's-benzyloxynaphthopytan 49

was dissolved in dry dimethyl sulphoxide through which dry orygen was bubbled

during the reaction and then treated with 4 mole equivalents of potassium ferl-butoxide.

The bls-benzyloxynaphthopyran 49 afforded the hydroxylated products 50 (60%) and

5l (24o/o) (Scheme 8).

BnO

OMe

l4rI

ls01

+

OMe

[4el

BnO

Scheme 8

In 1996 Green reported a high yielding synthesis of racemic hongconin 423 -

Quantitative C-4 - hydrorylation was achieved by treating the naphthopyran 52 with 7

OH

lslI

T6
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mol equivalents of potassium tert-butoxide in dimethylformamide while bubbling

oxygen through the medium at 60 oC. In this way the epimeric mixture of

4 - hydroxynaphthopyrans 53 and 54 were produced in the ratio 4 : I (Scheme 9).

* +

HH HO H HOHOMe

ls3Ils2I ls4l

Treatment of the epimeric mixture of alcohols 53 and 54 with either pyridinium

chlorochromate dispersed on Celite or pyridinium dichromate dispersed on alumina,

followed by silver(tr) oxide in nitric acid oxidation produced hongconin 4 in 63Yo yield

for the last two steps.

1.3.3. Reductive Mercury(ff) Mediated Oxidative Cyclisation

Hill and Whitesides2a demonstrated that the efficient trapping of radical intermediates

with oxygen provides a useful method for forming carbon- oxygen bonds (Scheme 10).

R'+ OZ l ROO'

ROO.
tRHeHIavL ROOH

RooH -=+ RoH

Scheme L0

Scheme 9

T7
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They showed that when a solution of mercurial 55 in dimethylformamide was added to

a solution of sodium borohydride (also in dimethylformamide) through which oxygen

was rapidly passed, a diastereomeric mixnrre of B-alkoxy alcohols 56 and 57 together

with trace amounts of 58 and 59 were obtained (Scheme I l).

+ +
,.rrtOMe ,.,qO.Me

OMe

lssl Is6I
(52vO

Issl(n

IsTI
(35 V.)

[5el
(5 v")

+

Scheme 11

In their synthesis towards substituted 4-hydroxybenzo[c]pyranquinones, de Koning25

and co-workers used the Hill and Whitesides' method2a to form the carbon - oxygen

bond at C-4 of the pyran ring. They treated alcohol 60 with mercury(Il) acetate and

sodium borohydride in the presence of orygen to afford a diastereomeric mixnrre of

products 61 and 62 in a reported 86 % yield The cis-isomer was exclusively obtained

by initially oxidizing the isomeric mixture to the racemic ketone 63, followed by

reduction with lithium aluminium hydride in ether to give the diastereomerically pure

dimethorybenzo[c]pyran 62. Oxidation of 62 with silver(tr) oxide 26 afforded the

quinone 64inB9Yo yield (Scheme l2).

l8
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OHOMeOMe

(r9 >

OHOHOMeoOMe

t6uI60l 162I

I64l1621t63I

(ii) >+
(i) >

(iii)

-:+>

(i) Hg(OAc)2, Oz, NaBlI4, DMF, 86 % ; (ii) PCC, CWClz,14 %;

(iii) LiAII{4,8t2O, 80 %; (iv) AgO, HNOI, 89 %.

Scheme 12

1.3.4. Reductive Mercury(If) Mediated Cyclisation

In the synthesis towards ( t) eleutherin 65 and (t ) isoeleutherin 66, lJno n'28 
started

with the allylated product 67 which was directly converted to the

trimethoxynaphthalene 68 in 92Yo yield by treatment with methyl iodide and potassium

carbonate in boiling acetone. Reduction of ketone 68 with lithium aluminium hydride

in ether produced alcohol 69 in 98% yield. Intramolecular oxymercuration and

subsequent reduction with sodium borohydride gave a mixture of two diastereomeric

naphthopyrans (70 : 7l : ca. I : 1, combined yield was 93%o). Separation by column

chromatography gave the pure cis and trans isomers 70 (42%) and 71 (47%). Each

isomer (70 or 71) was separately oxidized by cerium(IV) ammonium nitrate to afford

(t) eleutherin 65 (90%) and (t) isoeleutherin66 (89%). The overall yields of 65 and 66

were 38olo and34Yo from 67 respectively (Scheme l3).

l9
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-->
+

OMe

-+

Me

Me

[661

Scheme 13

Kraus et al.2e used a mercury-mediated cyclisation during their synthesis of racemic

hongconin 4. They started from racemic alcohol T2rwhrchwas converted to the dianion

with 2 equivalents of n-butyllithium. After reaction with acrolein at -78 "C, followed

by acidification, an inseparable mixture of diols 72a was isolated in 4lo/o yield.

The mixture of diols was treated with mercuric acetate in aqueous tetrahydrofuran

according to the method of Maruyama 30 and then reduced with sodium borohydride to

give a 5 : 1 ratio of alcohols 73 and 74 in 59Yo isolated yield (Scheme 14).

1671

OMe

I6E]

OMe

[6e]

+

Me

OMe

t7u

I

OMe

p0l

I
OMe

+

l6sl

20
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-+

-+

l7zal

OH

u4t

Scheme 14

1.3.5. Titanium(tV) Mediated Isomerisations

Giles 3r'32 showed that diastereomeric mixtures of phenyl-and naphthyl dioxolanes are

stereoselectively isomerised with titanium tetrachloride in methylene chloride at -78 "C

to yield benzo- and naphthopyrans.

Thus treatment of a mixture of 4-(3',5'-dimethoxyphenyl)-2, 5-dimethyl-1, 3-

dioxolanes, 75 and 76 with 2 mol equivalents of titanium tetrachloride in

dichloromethane at -78 oC for 30 minutes lead to the isolation of two isochromane

isomers 77 and 78 in yields of lO%o and 73%o respectively 33 (Scheme 15).

OMe

1721

+

OH OMe

l73l

2l
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--+
MeO

p2

[?5] Rl = Me, R2 = H

[?q Rr =rtr R2=Me

Scheme L5

The all cis-dioxolarc 79 under the same reaction conditions lead to the isolation of

isochromanes 80 and 81in70Yo Md ITyo yield respectively (Scheme 16)

->

+

MeO

+

MeOMeO

OHOH

[781l77l

MeO

OH

17el tfll

Scheme 16

Further investigation into the stereoselective isomerisation of

4 - (2',5'-dimethoxyphenyl)-2, 5 -dimethyl -1, 3-dioxolanes, showed that treatment

of the all cis- dioxolane 82 with I equivalent of titanium teffachloride in

dichloromethane at -78 oC for 30 minutes gave aside from starting material (20%) the

isochromane 83 (18%) and a diastereomeric mixture (1 : l) of chlorohydrins 84

(45%)3a ( Scheme l7).

MeO

[80]

22
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OMe

+
cl

OH

t821 I83I I84I

Scheme 17

Treatment of the 2:l mixture of 4,5 -trans -dioxolanes 85 and 86 under the same

reaction conditions, afforded a new isochroman 87 as the sole product of isomerisation

together with the diastereomeric mixture of chlorohydrins 84 in yields of 45%o and 3lYo

respectively (Scheme I 8).

+ + I84I
Al

OMe p2

[85lRr =Me,R2=H

tEqRl =IL R2=Me

Scheme 18

OMe

+

OHOMe

tsTl
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The authors rationalized that the relatively low yields of the isochromanes 83 and 87

derived from 82, 85 and 86, in comparison with those from their 3,5-dimethoxy

isomers 33, il€ ascribed to the influence of the 2' -methoxy substituent, being ortho to

the dioxolane ring. This group promotes the alternative C-4 - O-3 bond cleavage upon

reaction with the Lewis acid (shown for intermediate 88 from dioxolane 82 in Scheme

19), with formation of the chlorohydrin 84 34.

It2l 
--*

o
/.Ticl4

lIUI

l88I

+

( o # Ir4I

Scheme 19
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1.3.6. Intramolecular Cyclisation of Tethered Lactaldehydes

Giles and co-workers 35 showed that intramolecular cyclisation of an asymmetric

phenolic aldehyde 89 occurs under mild conditions of chromatography over silica gel,

to afford an epimeric mixture of asymmetic trans-|,3-dimethylisochroman-4-ols 90

and 91. The latter diols were unstable and thus converted into their diacetates 92 and 93

in33Yo and26Yo yield respectively (Scheme 20).

(i) > +

[eu[e0][8e]

OHOH

(ii)

MeOCO MeOCO

+

OCOMe

le2l
33 o/o

le3I

26o/o

(i) column chromatography on silica gel with 5 - 50 % ethyl acetate / hexane I flace

triethylamine as eluent; (ii) dry pyridine, acetic anhydride, 20 hrs. at room

temperature

Scheme 20

The corresponding cis-1,3-dimethylisochroman-4-ol 95 was similarly obtained from

aldehyde 94. The diol 95 was converted into the diacetate 96 in 77% yield (Scheme 21).
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M€OCO

(ii)

Scheme 21

1.3.7. Annelation Reactions Using Phthalides and Pre-formed Lactones

In 1985, Freskos and Swenton were the first to report an annelation strategy for the

preparation of a chiral naphthopyran ring system which is central to the naphtho

[2, 3 -c]pyran- 5, I O-quinone type antibiotics 36.

The reaction of the anion of 3-cyano-4-methoxy-3-H-isobenzofuran-1-one 97 with

levoglucosenone 98 produced a stable, crystalline, chiral naphthohydroquinone 99

(65%). Reductive ring opening of 99 using a zinc-copper couple in tetrahydrofuran

produced the primary alcohol 100 which was transformed into the desired chiral

compound 101 (60%) (Scheme 22).

Yoshi et al. 37 described a stereo-controlled synthesis of optically active natural

granaticin 102, which employs benzannulation between the pentacyclic phthalide 103

and a dihydropyran 104, both having the correct absolute stereochemistry. Lactonization

of the resulting product 105 and oxidative O - demethylation produced optically active

granaticin 102 in 62% yield (Scheme 23).

This method of annelation of a pre-formed pyranone and a phththalide has also been

used for the enantioselective synthesis of C) hongconin 106 38'3e, (+) hongconin 107

and medermycin 108 ao.

(i)--+

teslIe4l

+

OCOMeOH
le6l
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OCH3

(n)

-+

?<"

+

OH

I99I

o
leslIeTl

o

CH2OH cHe

o
lr0ol [rou

(i) MeSOCHzLi; (ii)Zn- Cu couple; (iii) MeSOzCl; (iv) NaI; (v)Zn- Cu couple

Scheme 22

CONMe2

+

OHOH

OMe CONMe2

)

[10q

Me

[1041[1031

(D
+

OMe CN

(ii); (iii)+

HO

oHo

(i) MeSOCHzLi; (ii) excess of 2-methoxypropene, camphorsulphonic acid, TIIF, room

temperature; (iii) cerium(IV) ammonium nitrate, MeCN, then AlCls (6 equiv.),

EtzS (24 equiv.), CHzClz, room temperature.

Scheme 23

I
I

OH

[1021
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OCH3 cHr @Hr

cHr

I10q Il07l

HO

M?N

1.3.8. Titanium Tetraisopropoxide Mediated Cyclisation

Gles and Joll ar described the first chiral synthesis of 4-acetorybenzo[c]pyran 111

related to the aphid pigments. They treated an optically pure phenol 109, bearing a

tethered aldehydic side chain derived from (S)-ethyl lactate with titanium

tetraisopropoxide in dichloromethane under ultrasonic irradiation. The formed unstable

diol 110 was then immediately converted to the diacetate lf l in an overall yield of 7l%o

from 109 (Scheme 24).

cHr cHr cHr

cHr

cHg

o
[1081

T(C,rPr)4
#

f,e2o,Py
+

OAcOH OAc

[1101

Scheme 24

[10e1
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Some intramolecular reactions between metal phenolates and chiral aldehydes have

shown that the process is highly diastereoselective (d.e's of at least 90yo), with the

choice of the metal determining the mode of addition (syn or anti) dtxrng the carbon-

carbon formation a2'a3. The niisopropoxytitanium phenolate, with toluene as solvent,

af[orded the product of anti addition from 109, whereas the use of a bromomagnesium

phenolate in dichloromethane furnished the syn addition product.

This method was used by Gles and Joll # towards the asymmetric synthesis of the

enantiomer 112 ofthe benzopyranquinone ll3.

OH

[1131

1.3.9. Thermal Ring Expansions

Moore et al. a5 reported the chiral synthesis of (-) nanaomycin D 1, which is based upon

the thermal ring expansion of 4-alkenyl-4-hydrorycyclobutenones to

hydroquinones *fl. They started with 3-methoxybenzocyclobutenedione 114 which

was converted to the adduct 116 upon treatment with the lithium reagent 115, in

tetrahydrofuran at -78 oC, followed by a trimethylsilyl chloride quench. Thermolysis

of adduct 116 in refluxing p-rylene follwed by hydrolysis and oxidation gave 9-O-

methylnanaomycin D 117. Demethylation with aluminium trichloride gave the natural

product 1 (Scheme 25).

This method was also used to synthesize racemic nanaomycin D 1 and deoxyfrenolicin

7 48,4e.

OH

[1121
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cHr

+

TMSO

OTIPS

(vi) >

[1171
o

(i) THF, -78 "C; (iD TMSCI, (iii) A, p-rylene;(iv) HCI; (v) PCC; (vi) Alclr

Scheme 25

1.3.10. Cyclisation of the Dihydropyran Ring by ring-cleavage of a

Furonaphthalene with Cerium(IV) ammonium nitrate

Brimble et al.soreported that furo[3,2-b]naphtho[2,1-d]furan-8(9]I)-ones 118 and 119

undergo oxidation with cerium ammonium nitrate to give rearranged hemiketals 120

and l2l respectively. Reduction of these hemiketals with triethyl silylhydride afforded

pyranonaphthoquinones with a fused v-lactorc 122, 123. The furonaphthofuran ring

systems ll8 and 119 are formed via the uncatalyzed addition of

2-trimethylsilyloxyfuran to 1,4-benzoquinones (Scheme 26).

This method was also used to synthesize the griseusin A 124 ring system5l, 5-epi-7-

deoxykalafungin 12552, 5-epi-7-O-methylkalafungin 12652,5-epi-arizonin Bl 127 53,

5-epi-arizonin Cl 12853 ,arizonin Cl 1054, and an actinorhodin monomer l2g5s.

(i), (ii)--+

[1161ulsl[1141

OMe

(iii), (iv) (v)

-l> tU
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H

CA}.I

->

R o Me

H

o

H

lr22l R=H; 92o/o

[123] R: OMe; 95 o/o

IT,IE

-+

.M"

HO

[1lEI R=H

[119] R=oMe

[120] R=H; 72o/o

[21] R = OMe, 76 o/o

AcO

HO

o H.

11241

Me

Et3SiH-+
lTA

Me.\

Me

-H

o

Scheme 26

[12sI

[1281

o

oo

$2q
o

H

o

11271

3l

ltzel
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1.3.11. Reductive cyclisation with sodium borohydride

In 1981, Yoshii et al.s6 reported the synthesis of 9-deoxynanaomycin A methyl ester

130. Here a conjugated ester 131 was reduced with sodium borohydride in methanol to

produce a mixture of cis- and trans- isochromans, 132 and 133 (in a ratio 1 : 3.5). The

isochromanes were oxidatively demethylated with cerium(IV) ammonium nitrate to

afford the corresponding quinones 134 and 135. Compound 135 was treated with

l-acetoxybuta-1,3-diene in toluene followed by treatment with sodium carbonate in

aqueous ethanol to form the deorynanaomycin A methyl ester 131 in 78% yield

(Scheme 27).

o

*

-+
I131I

-* 
[132]

I133I

I134I

(i), (ii)

[13sI

I130I

(i) l-acetorybuta-1,3-diene in toluene, (ii) Na2CO3 in aq. Ethanol

Scheme 27
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Racemic nanaomycin A 3 57 was also synthesised via this method.

1.3.12. Cyclisation using acetaldehyde followed by acid-catalyzed dehydration

An effrcient synthetic route to racemic nanaomycin A 3 was reported by Yoshii et a1.58.

The dihydropyran ring formation was achieved according to the method of Li 5e'60.

Compound 136 was reacted with zinc and hydrochloric acid in tetrahydrofuran for 5

minutes to which an excess of acetaldehyde was added. Heating was continued at 60 "

C for 4 hours. Oxidation with silver(I) oxide resulted in the formation of pyranojuglone

137 (the crs-isomer of nanaomycin A methyl ester) in Sl%yield. Isomerisation of 137

to the franas-isomer 138 was effected with sulphuric acid and the latter ester 138 was

saponified 5e'6r to afford (t) nanaomycin A 3 in 66Yo yield (Scheme 28).

oHo cHr

---+ *

I1371

oHo cHr

--+

[138]

This method of dihydropyran ring formation was also used by Cameron et a1.62 in their

synthesis of (t) deoxyquinone A dimethyl ether 139 and its epimer

(+)-7-methoryeleutherin I 40.

u36l

cHs

:

o

t3I

Scheme 28
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cHs

MeO MeO

[140]

OMe

lt42l
o

oHo Me

(iii), (iv)

l2l

(D Pd(OAc), (30 Yo),CuClz (2.5 eq.), CO, THF; (i) AgO, HNO3 (6N), TIIF', thr

(iii) 1-[(trimethylsilyl)ory]-1,3-butadiene, CHzClz, -78 oC; (iv) Jones oxidation

Scheme 29

Me

o

[13e]

1.3.13. Palladium(Il) Mediated Cyclisations

In the synthesis of kalafungin 2, Kraus et a1.63 cyclised the diol 141 with palladium

acetate and cupric chloride under an atmosphere of ca.rbon monoxide to provide the

lactone 142 in 6lYo yield. Oxidation using standard Rapoport26 conditions (AgO, nitric

acid) generated the berzoquinone 143 in 9l%o yield. Quinone 143 was treated with

l-[(trimethylsilyl)oxy]-1,3-butadiene in methylene chloride, followed by Jones

oxidation to provide racemic 2in63%o yield from 142 (Schemezg).

(r) 
-

[143][1411

->

(i)

OMeOH

--+
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In the synthesis of nanaomycin A 3, the conjugate addition of an acylate-nickel complex

144 to an appropriate naphthoquinone monoketal 145 followed by trapping with an

alkyl halide was used by Semmelhack 6a'65. The key intermediat e 149 was treated with

palladium dichloride, excess cupric chloride and carbon monoxide in methanol to afFord

the pyran ester isomers 150 and 151 in the ratio 3 : 2 in 66Yo yield. Previous work5e'61

had described the equilibration between 150 and l5L, and the deprotection of the

methoxy and ester groups to eventually produce (+) nanaomycin A 3 (Scheme 30).

ocH3-c-N(cots (t) 
-+

ff

(iv)(iiD

o o
[14s1 lr4q

--+ +

[148]

+

11501 cis

llSll tans

(i) allyl iodide; (ii) HCI (6 M), dioxane, argon, (iiD NaBH4, (iv) DDQ;

(v) PdCl2, CuClz, CO, MeOH

Scheme 30

o

11441

OH

lt47l

(v)

C02Meo

Ir4e]
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SECTION 2. AIMS

l. To devise a general protocol for the synthesis of chiral ortho-alkenyl hydroryethyl

dialkory benzene systems.

2. To establish the most favourable conditions for the cyclisation of these systems to

the corresponding chiral isochromans and 4-hydroxyisochromans without the loss of

chirality.

3. To convert the chiral isochromans into the corresponding quinones for biological

evaluation.
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SECTION 3. EXPERIMENTAL - GENERAL PROCEDTJRES

Purifi cation of Solvents

All solvents used for reactions and preparative chromatography were distilled prior to

use. Tetratrydrofuran and diethyl ether were dried in sodium using the sodium

benzophenone ketyl radical as indicator. Dimethylformamide, tetrahydrofurarL diethyl

ether and toluene were stored over molecular sieves ( A). Other reagents obtained from

commercial sources were used without further purification.

Chromatographic Separations

Preparative column chromatography was carried out on dry-packed columns using

Merck silica gel 60 (particle size 0.2 - 0.5 mm) as the adsorbent and Merck silica gel 60

(0.063 - 0.2 mm) as the stationary phase. Mixtures of ethyl acetate and hexane were

used as the eluant.

Physical and Spectroscopic Data

All melting points were obtained on a FISCHER-JOHNS melting point apparatus and

are uncorrected.

'H-nmr (nuclear magnetic resonance) spectra were recorded on VARIAN 200

spectrometer. Spectra were recorded in deuterated ctrloroform (CDCll) and chemical

shifts are reported in parts per million downfield from tetramethylsilane, the internal

standard; coupling constants are given in Hertz. Splitting patterns are designated as "s",

"d", "t", t'q", "rn", "bs" and "sept", these symbols indicate "singlet", "doublet",

"triplet", "quartet", "multiplet", "broad singlet" and "septet".

l3c-nmr (nuclear magnetic resonance) spectra were recorded on VARIAN 200

spectrometer. Spectra were recorded in deuterated chloroform (CDCI3) and chemical
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shifts are reported in parts per million relative to the central signal of deuterated

chlorofornr, taken as 6 77.0.

leF-nmr (nuclear magnetic resonance) spectra were recorded at the Department of

Chemistry, University of Cape TowrL on a VARIAN 200 spectrometer.

lnfrared spectra were recorded on a PERKIN ELMER FT-IT spectrometer PARAGON

2000. Oil samples were recorded as thin films between sodium chloride plates, while

solid samples were recorded as potassium bromide pellets.

Mass spectra were recorded on a Finnigan-MAT GCQ, gas chromatograph-mass

spectrometer. Mass spectrometry data are reported as follows: m/z (o/o relative

abundance).

Optical rotations were measured on a PERKIN ElMER-Polarimeter 141 at2l "C at the

sodium D line.

Elemental analyses were performed on both oil and solid samples where possible on a

CARLO ERBA 1500 NA analyzer.

Other General Procedures

The term "residue obtained upon work-up" refers to the drying of the extract over

magnesium sulphate followed by filtration and the removal of solvent by rotary

evaporation.
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SECTION 4. RESULTS Al\D DISCUSSION

4.1. The Synthesis of 2-Alkenyl-3r4-dialkoxylated acetophenones

The synthesis of 2-alkenyl-3,4-dialkoxy acetophenones 160, 16l and 162 were

envisaged as outlined in Scheme 31. These compounds were prepared as the precursors

for the chiral reduction of the ketone functionality to the corresponding (R)-alcohols

(Scheme 3l).

(i) PJ/rol)4sis

(ii) Alkylation

us2l

[154]: R = Methyl

[155[: R=Isopmpyl

[156]: R- Bcnzyl

Allylarion

----+

CH3MgI

I1s3l

-+
IvInO2

Oxi,l"tion+

OR

[157]: R= Methy'

[15E[: R-Isopropyl

[159]: R= Benzyt

o

[160]:R=Methyl
[161]: R=Isopropyl

[162]: R= Bcmryl

Scheme 31

The synthesis commenced with the allylation of 3-hydroxy-4-methoxybenzaldehyde

152. Compound 152 was heated with potassium carbonate and allyl bromide in
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dimethylformamide at 80 oC for 18 hours under nitrogen to give the allylated product

153 in 9l%o yield. The allylated product 153 was pyrolysed at 180 oC for 12 hours

during which the allyl group migrates to the sterically disfavoured ortho-

position 66'67'68. After addition of the appropriate allyl halide and potassium carbonate,

the reaction mixture was heated (80 'C) under nitrogen in dimethylformamide for 24

hours to afford the ortho-allylated benzaldehydes 154 (77%),155 (89%) and 156 (77%).

These compounds were treated with methyl magnesium iodide to yield the

corresponding secondary alcohols 157 (93%), 158 (80%) and 159 (89%) which were

oxidized to the desired acetophenones 160 (57yo), 161 (60%) and 162 (57%) using l0

mass equivalents of manganese dioxide in boiling benzene.

The tetrasubstituted benzaldehydes 154, 155 and 156 are typified by the ortho coupled

pair of aromatic hydrogens and the concommitant disappearance of the single proton

signal at 6 7.40 in the 'H-nmr spectra of 153. Also, the shift in the methylene signal of

the allyl group from 6 4.66 in the precursor 153 to 6 3.85 in the product 154 clearly

demonstrates the migration of the allyl group to the onho position.

The appearance ofthe methyl doublet at 6 1.46 .vtrrthJ 6.4112 in the tH-nmr spectrum of

157, clearly demonstrates that the carbonyl group has undergone reduction which is

corroborated by the strong O-H stretching frequency at vr"* 3404 cmr in the infrared

spectrum. The strong carbonyl adsorption band at v,ou,, 1684 crn-t in the infrared

spectrum together with the appearance of the singlet at 6 252 for the methyl group of

the acetyl side chain in the 'H-nmr spectrum was suffrcient evidence to support the

oxidation ofalcohol 157 to the corresponding ketone 160.
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MeO

4.1..1. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

4-Methoxy-3-prop-2'-enyloxybenzaldehyde (153)

l1s3l

3-Hydrory-4-methoryberzaldehyde 152 (20.89 g, 0.137 mol)

was dissolved in dry dimethylformamide (150 ml). Allyl

bromide @S.a g 0.4 mol, 34 rnl) and potassium carbonate

(55.2 g 0.4 mol) were then added. The mixture was stirred

vigorously at 80 "C (oil bath) under nitrogen for 18 hours. The cooled mixture was

filtered and the filtrate diluted with water (1.2 L). The resulting aqueous solution was

then extracted with diethyl ether (4 x 250 ml). The organic layer was dried over

magnesium sulphate, filtered and the solvent removed by rotary evaporation. The

residue was purified by column chromatography using initially (5:95) and later (1:4)

ethyl acetate - hexane as eluant. The product was obtained as a pale yellow oil (24 g,

et%).

153 v.,, 1686 cm'r (C=O); 6H 3.96 (3E s, ArOCI/3), 4.66 (2115 nt, OCHzCH:CIIz),

5.40 QH, nr, CHzCH:gHz),6.10 (lH, m, CHzCH:CII2), 6.97 (ll{, d, J 8.2 H4 5-fD,

7.40 (1H, d, "/ 1.8 llz, 2-H),7 .46 (lI\ dd, J 8.2 and 1.8 Hz, 6-H),9.82 (lH, s, CIIO); 6c

55.1 (ATOCII3),69.7 (ATOCIIz), 110.6 (C-5), 110.8 (C-3'), 118.6 (C-2'), 126.8 (C-6),

130.0 (C-l),132.5 (C-2),148.5 (C-3), 154.8 (C-4), 191 (C:O); MS (EI): m/z (Yo): 192

gv[*, 100;, 177 (13),163 (24),r5r(29),133 (r4),95 (33), 77 (27).

Found: C, 68.62 %; I1+ 6.ll %.

Calculated for CrrHrzO* C, 68.72Yo;\ 6.31%; M 192.23.
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3,4-Dimethoxy-2-prop-2'-enylbenzaldehyde (154)

5

MeO

4-Methoxy-3-prop-2'-enylorybenzaldehyde 153 (8.01 g

0.0417 mol) was pyrolyzed at 180 oC under nitrogen for

12 hours. After cooling the intermediate product was
l'

Ilsl 
dissolved in dimethylformamide (80 rnl). Methyl iodide

(23.7 g 0.166 mol, 10.4 ml) and potassium carbonate (23 9,0.166 mol) were added.

The reaction mixture was vigorously stirred and heated (80 "C) in an oil bath for 24

hours under nitrogen. The reaction mixture was cooled, filtered and the filter cake

washed with dimethylformamide (2 x 30 ml). The filtrate was transferred to a separating

funnel with water (600 ml) and the aqueous layer was extracted with diethyl ether (4 x

150 ml). The residue obtained upon work-up was purified by column chromatography

using ethyl acetate - hexane (1:4) as eluant. The product was obtained as a yellow oil in

@.6a 9,77 Yo).

154 v.,, 1686 crn-r (C:O);6n 3.81 (3tL s, ATOCH3),3.86 (2II, dt,-I5.8 and 1.8 Hz

CHzCH:CHz), 3.g3 (3E s, ArOCF/3), 4.91 (lfl dq, J 17.4 and 1.8 Hz, trans'

CHzCH:CHz), 5.01 (ltl dq, J 10.2 and 1.8 HZ cis-CHzCH--CH2), 6.00 (lE nt,

CH2CH:CH2), 6.92 (lI1 d, J 8.6 Hz, 5-H), 7.64 (lH, d, J 8.6 H16-fD, 10.05 (lll s,

CHO);6c28.7 (CII2CH:CFD 55.8 (ATOCII:),61.0 (ATOCIIT), 110.0 (C-5), 115.8 (C-

3'), 128.1 (C-lr, ng.z (C-6), 136.3 (C-2)", 137.3 (C-z',), 147.4 (C-3)0, 157.7 (C-4)b,

191.1 (C:O). Assignments with the same superscripts may be interchanged. MS @I):

m/z (Yo):206 (Ivf, 32) l9l (100), 175 (35), 163 (lO), 147 (r3),103 (10), 91 (10).

Found: C, 69.72Yo; lI\ 6.61%.

Calculated for CrzHr+O* C, 69.87%o;Hr 6.86%; M 206.26.
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McO

3-Isoproyloxy-4-methoxy-2-prop-2'-enylbenzaldehyde (1 55)

ocH(cHj2

4-Methory-3-prop-2'-enyloxybenzaldehyde 153 (8.01 g

0.0417 mol) was pyrolyzed at 180 "C under nitrogen for

12 hours. After cooling the intermediate product was

llssl 
dissolved in dimethylformamide (80 mI). Isopropyl

bromide (20.5 g 0.166 mol, 15.8 ml) and potassium carbonate (23 9,0.166 mol) were

added and the reaction mixhrre was stirred and heated at (80 "C) for 24 hours under

nitrogen. The reaction mixture was cooled, filtered and the filter cake washed with

dimethylformamide (2 x 30 ml). The filtrate was transferred to a separating funnel with

water (600 ml) and the aqueous layer was extracted with diethyl ether (4 x 150 ml). The

residue obtained upon work-up was purified by column chromatography using ethyl

acetate - hexane (l:4) as eluant. The product was obtained as a yellow oil in (7.16 g, 90

%).

155 v-.,. 1686 cm-r (C=O); 6n 1.28 [6IL d, J 6.2\fz OCH(CH3)z], 3.88 QH, dt, J 5.8

and 1.6 lfz, CHzCH:CHz), 3.90 (3H, s, /.r.Ocru), 4.56 tlIL sept, -/ 6.2 lfz,

OCfl(CII3)21, 4.88 (lIL dq, J 17.2 and 1.6 Hz, trans-CH2CH:CH2), 5.02 (lIL dq, J 10.2

and 1.6 [lz, cis-CHzCEI--CH2),6.00 (lH, rn, CHzCH=CH2), 6.90 (lfl d, "/8.6 H4 5-fD,

7.61 (ltl, d\ J 8.6 H1 6-II), 10.07 (lI1 s, CflO); 6c 22.5 [2x(OCH(CH:\)], 29.0

(CH2CH:CH2),55.7 (ArOCHr), 75.0 (OCH(CHr)z) 109.7 (C-5), tts.1 (C-3'), t28.2

(c-6), 12s.2 (c-t)", 136.6 (c-zr,:,37.3 (C-2'.), 145.1 (C-3)b, $7.5 (C-4)b, 191.3

(CHO). Assignments with the same superscripts may be interchanged. MS @I): m/z

(%).Ba gr,f, r9;,219 (18), 192(39),177 (100), t59 (20),131 (18), 103 (103).

Found: C, 7 l.66Yo; If\ 7 .7 4%.

Cal culated for C r+Iltr eO t: C, 7 I .7 60/o; I\ 7 .7 6%; M 23 4.32.
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&B enzyloxy-4-methoxy-2-prop-2'-enylbenzaldehyde ( 1 56)

4-Methory-3-prop-2'-enyloxybenzaldehyde 153 (8.01 g,0.0417 mol) was pyrolyzed at

McO

180 "C under nitrogen for 12 hours. After cooling the

intermediate product was dissolved in dimethylformamide

(80 ml). Benzyl bromide (28.4 9,0.166 mol, 19.8 rnl) and

potassium carbonate (23 9,0.166 mol) were added. The

Ilsq 
reaction mixnrre was stirred and heated at (80 "C) for 24

hours under nitrogen. The reaction mixture was cooled, filtered and the filter cake

washed with dimethylformamide (2 x 30 ml). The filtrate was transferred to a separating

funnel with water (600 rnl) and the aqueous layer was extracted with diethyl ether (4 x

150 ml). The residue obtained upon work-up was purified by column chromatography

using initially (1:9) then later (l:a) ethyl acetate - hexane as eluant. The product

obtained was a yellow oil (9.05 g,77oA.

156 v,,,,, 1686 cm'r (C:O); 6n 3.85 (zLt\ dt" J 5.6 and 1.8 IIz, CHzCtbCHz),3.97 (3H\

s, ArOCI/r), 4.89 (ltl dq, J 17.6 and 1.8 1Iz, trans-CH2CI#CH2), 4.98 (2tL s,

OCH2Ph), 5.02 (lE dq, J 10.2 and 1.8 H?- 
"i"-CHTCH=gHz), 

6.00 (1H, rn,

CIJ1CH:CJJ1),6.96 (lIL d, J8.6IIz,5-m,7.37 (5tL m, PhIiDs), 7.67 (lH.-d,J8.6lfz,

6-fD, 10.06 (lFL s, CHO);6c 28.9 (CH2CH:CI{2),56.0 (ArOCH3), 75.0 (OCIIzPh),

110.0 (C-5), 115.9 (C-2'), 128.2 (x) aryl), 128.6 (*2 aryl), 129.2 (C-6), 136.7 (aryl),

137.3 (x), C-2', and aryl), 137.5 (C-l)", 140.7 (C-2)",146.2 (C-3)0, 157.8 (C-4)o,lgl.2

(CHO). Assignments with the same superscripts may be interchanged. MS @l) nlz (%\

282 (\t,2),264 (17), l9l (100), 177 (43),163 (17), 103 (11), 91 (95), 65 (12).

Found: C, 7 6.66%o; H\ 6.33%.

Calculated for C r etlr eO * C, 7 6. 5 6Yo; H" 6. 44%; M 282.3 6.
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3,4-Dimethoxy-1-(l'-hydroxyethyl)-2-prop-2'-enylbenzene (157)

MeO

3, 4-Dimethoxy-2-prop -2' - enylb erzal dehy de fi a g . n g

20 mmol) was dissolved in dried diethyl ether (40 ml)

and dripped into a freshly prepared solution of methyl

magnesium iodide in dried diethyl ether [from
[1s71

magnesium turnings (730 mg 30 mmol) and methyl iodide (4.26 g,30 mmol, 1.88 ml)

in 40 ml dried diethyl ether]. The solution was stirred for 40 minutes, then treated with a

saturated solution of ammonium chloride to dissolve the magnesium salts. The resulting

solution was extracted with diethyl ether (3 x 80ml). The residue obtained upon work-

up was purified by column chromatographyusing initially (l:4) then later (2:3) *hyl

acetate - hexane as eluant. The product obtained was a yellow oil (a. A g,93Yo).

157 vo-, 3404 crnr (O-fD; 6H 1.46 (3rL 4 J 6.4 Hz, CE3CHOII), 1.58 (lE bs, DzO

exchangeable, CIITCHOfl, 3.52 (2H, ddt, J 13.0,5.6 and 2.0 H1 CHzCIt-CHz), 3.80

(3E s, tuOCH3), 3.86 (3H, s, tuOCIls), 4.90 (lIL dq, J 17.0 and 2.0 H4 trans-

CHzCH:CHz), 5.03 (lE dq, J 10.2 and 2.0 H4 cis'CHzCH:CH2),5.06 (lH, q, J 6.4

Hz, CH3CHOID, 6.00 (1H, nt, CHzCH=CHz), 6.86 (lfl 4 Jl-ztlz,5-I1),7.24(1E 4 /

8.2 Ifz,6-FD; 6c 2$ (ALCHOII), 29.7 (CIfuCH:CHz), 55.7 (Ar-OCIIT), 60.9

(ArOCHr),66.2 (CIICHOTD, llo.8 (C-5), 11s.3 (C-3'), 121.0 (C-6), 130.7 (C-2)",

t37.2 (C-l)", 137.9 (C-2,), 147.1 (C-3)b, 152.1 (C-4)o.Assignments with the same

superscripts may be interchanged. MS @I). m/z (yo)'.222 6vI*, 23;, 207 (100),189 (55),

r74 (41), rs8 (16).

Found: C, 7 0.03Yo; If\ 8.12%.

Calculated for CrrHrsOg C,70.23Yo, H, 8.18%, M222.31.
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3-Isopropyloxy-4-methoxy-1-(1'-hydroxyethyt)-2-prop-2'-enylbenzene (15E)

MeO

3-Isopropylory-4-methoxy-2-prop-2'-enylberualdehyde

155 (4.68 9,20 mmol) was dissolved in dried diethyl

ether (40 ml) and dripped into a freshly prepared solution

of methyl magnesium iodide in dried diethyl ether [from
lrsEl 

magnesium turnings (730 mg, 30 mmol) and methyl

iodide (4.26 g,30 mmol, 1.88 rnl) in 40 mt dried diethyl etherl. The solution was stirred

for 40 minutes, then treated with a saturated solution of ammonium chloride to dissolve

the magnesium salts. The resulting solution was extracted with diethyl ether (3 x 80ml).

The residue obtained upon work-up was purified by column chromatography using

initially (l:4) then later (2:3'l ethyl acetate - hexane as eluant. The product was obtained

as a yellow oil (a.01 g, 80%).

158 v,., 3396 cm-r (O-ID; 6H 1.24 [3]L d, J 6.2L12, CH(CH3h],1.27 t3E 4 J 6.2ltz,

CH(CH3)r\,1.44 (3H,4 J 6.4Hz, CI/;,CHOID, 1.75 (lII, bs, DzO exchangeable,

CI{3CHO//), 3.54 (2II ddt, J 16.4,5.8 and 1.8 IIz, CHzCH=-CIlz),3.82 (3tL s,

ArOCIl3), 4.49 UII5 sept, ../ 6.2 H1 OCH(Cruhl, 4.95 (lE dq, J 17.2 and 1.8 Hz,

o^-Cfrr"*gFz),5.00 (lE dq, J 10.4 and 1.8 Hz, cis-CHzCH:CH2),5.08 (lE q, -/

6.4IIz,CII3CHOD, 5.95 (lE nt, CI4zCH:Clfz), 6.83 (lfl 4 J8.6H2,54I),7.22 (lI\

d, J 8.6 Hz 6-H); 6c 22.6 [2x(CH(CIIrh)), 24.3 (CII3CHOIT, 30.2 (CHzCH:CH2),

55.7 (ATOCIIT), 66.1 (CII3CHOID,74.7 tCI(CI{3h], 110.7 (C-5), 115.1 (C-3'),120.4

(c-6), 131.1 (c-2)"13'1.3 (c-1)", 137.g (c-2'), 144.8 (c-3)b, 152.1 (C-4)b. Assignments

with the same superscripts may be interchanged. MS @I\ m/z (%).250 gvt*, 151, ZOS

(16), 193 (100), l7s (38), 165 (r9), 143 (66),133 (ls), lts (24).
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Found: C, 7 1.7 6Yo; ll,, 8.92%.

Calculated for C r sl{zzO s: C, 7 l.95yo; H" 8.87%; M 250.37

$Benzyloxy-4-methoxy- 1-(1'-hydroryethyl)-2-prop-2'-enylbenzene (1 59)

MeO

3 -Benzyloxy-4-methoxy -2-prop-Z' -enylberzaldehyde

156 (2.82 g, l0 mmol) was dissolved in dried diethyl

ether (20 ml) and dripped into a freshly prepa^red

solution of methyl magnesium iodide in dried diethyl

[lsel 
ether (from magnesium turnings (365 mg, 15 mmol)

and methyl iodide (2.13 g,l5 mmol, 0.94 ml) in 20 ml dried diethyl etherl. The solution

was stirred for 40 minutes, then treated with a saturated solution of ammonium chloride

to dissolve the magnesium salts. The resulting solution was extracted with diethyl ether

(3 x 40 ml). The residue obtained upon work-up was purified by column

chromatography using initially (l:4) then later (2:3) ethyl acetate - hexane as eluant.

The product was obtained as yellow oil (2.63 g, 8870).

159 v,,,.3384 cm'r (O-rD;6n 1.46 (3rL d, J 6.4ltz, cE3cHoII), 1.68 (lE bs, Dzo

exchangeable, CHTCHO/I), 3.51 (2E ddt, J 14.2,5.8 and 1.8 Hz, CHzCII-Cllz), 3'88

(3H, s, tuOCII3), 4.88 (lfl dq J 17.2 and 1.8 Hz, trans'CHzCH=CHz), 4.98 (2E s,

OCfl2Ph), 5.03 (lH, dq, J 10.2 and 1.8 IIz, cis-CHzCH:CHz),5'06 (lH, q,, J 6'4 Ha

CH3CHOID, 5.97 (lfl m, CHzCH=CHz), 6.91 (lll d, J 8.61f2,5-H), 7.31 (1II, d, J 8'6

Lfz, 6-H),7.40 (5H, rq Phlfs);6c 24.3 (CI{3CHOID,29.9 (CIIzCH:CHz), 55.8

(tuocHr, 66.2 (CII3CTIOID, 74.8 (CIIzPh ), 110.9 (s-c ), 11s.3 (c-3'), tzt.t (c-6),

127.9 (ryl), 128.1 (r2, wyl), 128.5 (x), aryl), 131.0 (aryl), 137.9 (C-2' ), 137.3 (C-l)",

138.1 (C-2)", 145.0 (C-3)o and 152.2 (C4)0. Assignments with the same superscripts
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may be interchanged. MS @I): m/z (%):298 (I\,f, 79),283 (43),265 (35), 202 (56), 189

(84), 175 (52), l6l (43), 13l (33),91 (100).

Found: C, 7 6.3OYo; L\ 7 .53%.

Calculated for CrsILzO* C,76.47%o;Hr 7 .45o/o; M 298.41.

Acetyl-3,4-dimethoxy -2-prop-2t -enylbenzene (f 60)

MeO

3,4-Dimethory- l -( l'-hydroxyethyl) -Z-prop-2' -enylbenzene

157 (2.16 g, 9.3 mmol) was dissolved in dry berzene

(l50ml) and activated manganese dioxide (21.6 9,10 mass

equiv.) was added, The reaction mixture was stirred at

1160l 
reflux under nitrogen for 40 minutes. The fine manganese

dioxide particles were removed by filtration through a celite plug. The solvent was

evaporated offand the residue purified by column chromatography using ethyl acetate -
hexane (l:4) as eluant. The product was obtained as bright yellow oil (1.22 g, 57%o).

160 v,,. 1684 crnr (C:O); 6n2.52 (3E s, CHTCO),3.76 (2115 dt, J 6.0 and 1.8 tlz,

CHzCH{}Jz), 3.80 (3E s, kocfl3),3.91 (3I1 s, ArOC}[),4.94 (ltl dq, J 17.0 and

1.8 IIz, ffans-CH2ClkCH2),4.95 (lH, dq,, J 10.2 and 1.8 Hz, cis-CHzCH:CIlz), 6.00

(1t1, m, CHzCH=CHz), 6.80 (lt[ d, "f 8.8 Hz, 5-fD, 7.50 (1I1 d, J 8.8H16-FD; 6c 29.6

(CHTCO), 30.4 (ALCH:CIIz), 55.8 (tuOCIIr), 60.9 (ATOCIIs), 109.1 (C-5), 114.9 (C-

3'), 126.8 (C-6), 131.5 (C-2)n, 135.0 (C-l)", 137.8 (C-2') 148.0 (C-3)0, 155.7 (C-4)b,

200.5 (CI{O). Assignments with the same superscripts can be interchanged. MS @I):

nt/z (%): 220 (l\t, 4), 205 (t 00), I 90 (45), t7 4 (13), 1 6 I ( I 0).

Found: C, 70.92Yo; H5 7 .23o/o.

Calculated for CrrHreOt C,70.87%o;Hr 7 .34%; M 220.29

OMe
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Acetyl-3-isopropyloxy-4-methoxy -2-prop-2' -enylbenzene (1 6 f )

3 -Isopropylory-4-methoxy- I -( 1'-hydroxyethyl)-2-prop-

2'-enylbenzene 158 (2.25 g,9.0 mmol) was dissolved in

dry benzene (150 ml) and activated manganese dioxide

(22.5 g l0 mass equiv.) was added. The reaction mixhrre
[1611

was stirred at reflux under nitrogen for 40 minutes. The fine manganese dioxide

particles were removed by filtration through a celite plug. The solvent was evaporated

off and the residue purified by column chromatography using ethyl acetate - hexane

(l:4) as eluant. The product was obtained as bright yellow oil (1.34 g, 6tr/o).

161 v,,,, 1688 cm'r (C=O); 6:H1.27 [6H,4 J 6.4H2, CH(C]13>1,2.51(3H, s, C]/rCO),

3.80 (2II, dt,./ 6.0 and 1.8 IIz, CHzClb6Hz), 3.87 (3It s, tuOCIi),4.50 [l]I, sept, -I

6.4llz, OCfl(CII3)2),4.93 (lIL dq, J 17.0 and 1.8 H4 trans-CHzCH:CHz), 4.95 (lE

dq, J 10.2 and 1.8 Hz, cis-CHzClbCHz),5.91 (lH, m, CHzCH=CH2), 6.78 (lH, d, -/ 8.8

Hz, 5-fD, 7.44 (lI\ d, J 8.8 llz, 6-11); 6c 22.6 [2x(CH(CIIr)2], 29.7 (CHsCO), 30.6

(CHzCH:CIL2), 55.7 (ArOCHr, 75.0 [OCf(CHg)z], 108.8 (C-5), 114.9 (C-3'), 126.0

(c-6), t3t.g (c-z)a, 135.2 (c-1)", 137.6 (C-z'.), 145.6 (C-3)b, 155j (C-4)b,201.0

(CHO) Assignments with the same superscripts can be interchanged. MS @I): m/z (%):

248 M, 6),206 (21), 191 (100), 159 (52),131 (13).

Found : C, 72.44Yo; Hb 8.21%.

Calculated for C r sIIzoO t C, 7 2. 5 4%o; H, 8.13%; M 248.3 5 .

MeO
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Acetyl-3-benzyloxy-4-methoxy-2-prop-2' -enylbenzene ( I 62)

MeO

3 -Benzylory-4-methory- I -( l'-hydroxyethyl)-2-prop-2' -

enylbenzene 159 (2.55 g,8.6 mmol) was dissolved in dry

berzene (200 ml) and activated manganese dioxide (25.5 g,

10 mass equiv.) was added. The reaction mixture was
1162l 

stirred at reflux under nitrogen for 40 minutes. The fine

manganese dioxide particles were removed by filtration through a celite plug. The

solvent was evaporated off and the residue purified by column chromatography using

ethyl acetate - hexane (l:4) as eluant. The product was obtained as a yellow-brown oil

Q.a5 e,57o/o).

162 v^u,,1684 cm'r (C:O); 6H 2.54 (3tL s, Crl3CO), 3.79 QI\ dt, -/ 5.8 and 1.6 Hz,

CH2CH:QI{2), 3.93 (3tL s, tuOCH3), 4.93 (lfl dq, J 18.6 and 1.8 II4 trans-

CHzCIbCHz), 4.95 (lE dq, "/ 8.6 and 1.8 H4 cis-CII2CH:gHz), 4.96 (2H" s,

OCH2Ph), 5.98 (1H, m, CHzCH:CH2), 6.85 (lfl d, J 8.6 Hz, 5-H), 7.41 (5H, m,

PhIl's), 7.53 (lH, d, J 8.6 tu, 6-'H); 6c 29.6 (CHTCO), 30.6 (CH2CH=CIIz), 55.8

(tuOCII3), 78.4 (CTl2Ph), 109.1 (C-5), 1 15.0 (C-3'), 127 .0 (C-6), 128.I (xl, aryl), 128.6

(r2, ryl), 131.7 (aryl) , 137 .8 (C-2'),135.3 (C-l)n, 146.8 (C-2)^,147.1 (C-3)b and 155.8

(C4)b and 200.6 (C:O). Assignments with the same superscripts may be interchanged.

MS @!: m/z (Yo): 296 Q\/f ,4),278 (57),263 (41),249 (12),231 (2t),205 (69), tgl

(63),t77 (41), 163 (30),91 (100), 65(12),43 (19).

Found: C, 7 6.9lYo; lI, 6.65%.

Calculated for C r g[I2zO * C, 7 6.99Yo; Il5 6.82%; M 29 6.39 .
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4.2. Chiral Reduction of ketones using Corey-Bakshi-Shibata catalyst

4.2.1. Literature Precedents

In 1983, Itsuno et al, reporied that ketones, in the presence of a reagent 163 prepared

from (,S)-valinol 164 and borane 165 were asymmetrically reduced to afford the

corresponding (R)-alcohols in high optical Qa - rcO% enantiomeric excess) and

chemical (100%) yields 6e'70'7t. The authors showed that (^9)-valinol 164 together with

two equivalents of BIII.TIIF at -78 oC to 0 "C, over several hours converted

acetophenone 166 into (R)-l-phenylethanol 167 with 94Yo enantiomeric e*cess u''7'

(Scheme 32).

H

u64l l16q

[1671

Scheme 32

The identity of reagent 163 and the mechanism for the chiral reduction was not known

until 1987, when Corey and co-workersz identified reagent 163 as the oxazaborolidine

168.

HzN
+ BH3.THF * REAGENT

[16s] 1163I

[16t1
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Solutions of L68 alone did not reduce acetophenone 166, even after several hours at

23 'C. However, mixtures of 168 and BHT.TIIF 165 (0.6 to 0.2 mol equiv) effected

complete reduction of acetophenone 166 in less than one minute to afford (R)-l-

phenylethanol 167 (97% ee). In the absence of 168 acetophenone 166 was reduced very

slowly with Bltr.na; 165 at 23 "C to the expected racemic mixh:re of alcoholsTz. The

authorsz proceeded to develop a better catalyst termed the Corey-Bakshi-Shibata

catalyst (CBS-catalyst) 170 by heating, at reflux (^9)-G)-2-

(diphenylhydrorymethyl)pynolidine 169 with three equivalents of BIIT.TIIF 165 in

tetrahydrofuran under a closed argon-borane atmosphere (Scheme 33).

=E

H

BH3.TIIF (3 equiv.) Ph

TIIF, heat

[16e1 [1701

Scheme 33

The CBS-catalyst 170 (0.1 equiv) in tetrahydrfuran and BHT.TIIF 165 (1.2 equiv)

reduced acetophenone 166 at23 "C to (R)-l-phenylethanol 167 with 97Yo ernrfiiomeric

excess, in quantitative yield (Scheme 34).

lr70l (0.1 equiv) -+ BH3.T'I{F
TIIF,2soc

tl6sl

Scheme 34

It67lt1661
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In contrast to the CBS-catalyst 170, which is air and moisture sensitive, the more robust

boron-methylated lTln'7a and boron-butyl ated 17275 oxazaborolidine catalysts were

prepared. The advantages of these catalysts are that they can be stored in closed

containers at room temperature and weighed or transferred in air.

Ph

[171] R = Methyl

[172] R = Butyl

The boron-butylated oxazaborolidine 172 was prepared by heating at reflux (^9)-C)-2-

(diphenylhydroxymethyl)pyrrolidine 169 and n-butylboronic acid 173 in toluene under

nitrogen using a Dean-Stark tap or a Soxhlet apparatus containing 4 A molecular sieves

in a thimble to remove water (Scheme 35).

+ CaHcB(Olth Toluene

T_
H

clHg
[16e1 [1731 11721

Scheme 35

Mechanistic Rationale

Corey et al. also proposed a mechanism for the asymmetric reduction reactio/2'76 as

outlined in (Scheme 36).

E

H
:

H

53

http://etd.uwc.ac.za/



E
g

o

-r/\
R

BH3.TItr
--.-..L.<-

o

-r/\
R HrB**K"

Ph CHr

1r741 trTq

[17r1

HCI,MeOH

Ph

CHr

,rr,,^
HPh

tlol a

*A*

g

*K"
Ph CHr

"-"'
HH

ll7elBHr

/

Ph

<-
CHa

HPh

OR
\/

Ph \
HrNH_

cHr

Ph

lt77l wq

Scheme 36

The initial step in the pathway is the rapid (and probably reversible) coordination of

BHg to the Lewis basic nitrogen atom on the o face of oxazaborolidine 174 to form the

cri-fused oxazaborolidineoBHs complex 17572'77'78. The coordination of the electrophilic

BHr to the nitrogen atom of 174 serves to activate BIt as a hydride donor and also to

increase strongly the Lewis acidity of the endocyclic boron atom.

The strongly Lewis acidic complex 175 then readily binds to the ketonic substrate, for
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example acetophenone, at the more sterically accessible electron pair (a in the case of

acetophenone) and cis to the vicinal BH3 group (+ 176). This manner of binding

minimizes unfavourable steric interactions between the oxazaborolidine and the ketone,

and aligns the electronically deficient carbonyl carbon atom and the coordinated BHI

for stereoelectronically favorable, face-selective hydride transfer via a six-membered

transition state to form the reduction product 177. Thus the rate enhancement for the

oxazaborolidine-catalyzed reduction is due to the activation of the stoichiometric

reducing agent BI{3 by coordination with the Lewis basic nitrogen atom of 174 with

simultaneous intensification of the Lewis acidity of the boron atom in the heterocycle

for coordination to the ketone. This leads to subsequent enthalpically and entropically

favorable face-selective intramolecular hydride transfe/e'80'8''82. Dissociation of the

reduction product from 177 to regenerate the oxazaborolidine catalyst may occur by two

different pathways: l) reaction of the alkoxide ligand attached to the endocyclic boron

atom with the adjacent boron atom of 177 to regenerate 174 and form the boronate 178

by cyclo-elimination; 83 or 2) by the addition of BHr to 177 to form a six-membered

BHr-bridged species 179, which decomposes to produce the catalyst-BH3 complex 175

and boronate 178485. The facile disproportionation of 178 to af[ord dialkoxyborane

(RO}BH and BHr allows the efficient use of the three hydrogen atoms of the

stoichiometric reductant86'r.

We selected the CBS-catalyst for our reductions since literature data has shown that the

CBS reduction process rezults in excellent enatioselectivities, near quantitative yields,

and short reaction times76. Furthermore, a product whose absolute configuration can be

predicted from the relative effective steric bulk of the two carbonyl appendages is

obtained, since coordination of the electrophilic boron ring 175 with the ketonic oxygen

is anti to the larger carbonyl appendag{''76.
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4.2.2. Chiral Reduction of 2-Alkenyl-3,&dialkoxylated Acetophenones

As a preliminary experiment, 3,4-dimethoryacetophenone 180 (in tetrahydrofuran) and

boron-dimethylsulphide lEl (in tetratrydrofuran) were added simultaneously to the

CBS-catalyst 172 (in tetratrydrofuran) over 15 minutes and stirred under nitrogen to

afford the (R)-alcohol 1E2 in9}Yo yield (Scheme 37).

o cHr

+ BH3:MG2S

It72l-+
THF,N2

M€O

[181]

Scheme 37

The enantiomeric excess of 182 was determined using the europium shift reagent to

afford a value greaterthan 97Yo (see Section 4.3.2.).

When ketones 160, 161 and 162 were subjected to reduction using the Corey-Bakshi-

Shibata catalyst 172, under same reaction conditions, some starting material together

with an array of products were obtained (Scheme 38).

MeO

OMe

t1821[1801
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11721

BH3Me2S-+THF,N2
+

MeO

MeO

M€O

[150]: R=Methyl
[161]: R = Iropnopyl

[f62]: R= Benzyl

[1t3]: R = Methyl (4.47o)

[184]: R=kopropyt(6%)

[1t5]: R=Bcrzfl(azd

[18!ll: R = Methyt (267o)

[190f: R=Isoprorylpl%)
[r91]: R-Bauyl(t3%)

++

MeO

MeO

McO

[160]: R= Methyl (37d

[161]: R = Isopropyl (5.a7d

[162]: R=Bcnzyl(a%)

cHr

[18fl: R=Mcthy'(77o)

[147] : R = Isopropyl (5.2V0

[lEE]: R-Benzyt(87d

cHr

+ OH

[192]: R-Methyt(217Q
[193f : R = Isopropll Q4Y")

[194]: R= Benzyl(267d

Scheme 38

Assignment of the structure 183 to the molecule is based on the microanalysis and mass

spectrunL which both support the molecular formula CrrHreOr. A strong band at 1688

cm'r in the infrared spectrum confirms the conjugated ketonic function and in which the

'H-nmr spectrum the following signals are also conclusive. A triplet at 6 0.98 (J 7.4ru)

is ascribed to the 3'-methyl goup of the propyl side chain which is coupled to the
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2'-methylene protons appearing as a multiplet at 6 1.55 and these in turn show

connectivity to a 2-proton multiplet at 6 2.90 ofthe l'-methylene group.

The main spectral evidence for the keto-alcohol 189 which was not obtained in a highly

pure form is inter alia ascnbed to a strong v.r,. at 3348 cm I due to the O-H group and a

strong v'ux at 1680 cm-l due to the ketone C:O in the infrared spectrum. A 3-proton

singlet at 6 2.56 is ascribed to the acetyl group while a 2-proton triplet at 6 3.54 with 3"/

6.0Hzis ascribed to the H-3' while a 2-proton triplet at 6 3.03 with 3/ 6.2Hzis ascribed

to the benzylic H-l'. A multiplet at 6 l.8l is ascribed to the H-2'.

In the case of the diol 192, the main spectral evidence for assigning the structure was

inter alia a strong broad peak at v..,, at 3350 cm I for the O-H in the infrared spectrum.

A 3-proton doublet at 6 1.49 (l A.+Hz) connected to a l-proton quartet at 6 5. lO CJ 6.4

FIz) as demonstrated in the rH-nmr and COSY spectra confirmed the presence of the

hydroxyethyl side chain. The following two proton signals which appear in the 'H-nmr

spectrum corroborated the 3-propanol side chain as well namely, a triplet at 6 3.54 with

'J 6.1tlz for H-3', a multiplet at6 2.82for H-l' and a multiplet at 6 1.81 for H-2'.

Since the keto-alcohol 190 and the diol 193 were obtained as a mixture, very diffrcult to

separate, the yield for these two molecules is based on the relative integration of signals

in the lH-nmr spectrum. Evidence for the two molecules is based on inter alia the

following signals in the rH-nmr spectrum. For keto-alcohol 190 a 3-proton signal at 6

2.56 for the acetyl methyl goup, a 2-proton triplet at 6 3 .46 with 3/ 6.2 Llz for H-3' , a 2'

proton triplet at 6 3.10 vvtth3J O.ZHzfor H-l' and a 2-proton multiplet at 6 1.83 for H-2'

would suffrce to establish effective hydration ofthe terminal olefrnic bond.

In the case of diol 193 evidence pointing to the structure is the following: a 3-proton

doublet at 6 1.45 with 3J 6.4ltz for the methyl goup of the hydroryethyl side chain
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supported by a l-proton quaxtet at 6 5.15 with 'J 6.4tlz, a2-proton fiiplet at 6 3.43 with

tJ 6.0Hzfor H-3', a multiplet 6 2.83 for H-1' and a 2-proton multiplet at 6 1.75 forH-2'

thus also establishing the salient features of the assigned structure.

Assignment of the structures 191 to the keto-alcohol and 194 to the diol are also based

entirely on the lH-nmr spectra as these molecules were diffrcult to separate completely.

Thus the assignment for the structure 191 to the keto-alcohol is based on inter alia the

following signals in the 'H-nmr spectrum. A singlet at 6 2.57 for the acetyl methyl

group, a 2-proton triplet at 6 3.48 with 3"I 6.0112 for H-3', a 2-proton triplet at 6 3.03

with 3JO.OZHzfor H-l' and a multiplet at 6 1.83 for H-2', while assignment of the diol

structure 194 is based on a 3-proton doublet at 6 1.49 with 3J 6.4112 forthe methyl

Soup of the hydroxyethyl side chain supported by a l-proton quartet at 6 5.10 with T

6.4Hr,a2-protontiplet at63.47with? 6.0llzforH-3', amultiplet at62.79forH-1'

and a2- proton multiplet at 6 l.8l for H-2'.

The later eluting alcohols 1S9 - 194 were characterized as their acetates by reacting

them with an acetylating reagent of acetic anhydride and pyridine (ratio 2:l) for 24

hours at room temperature to afford the acetates 195 - 200 (Scheme 39).
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cHa

,OH

[192]: R-Methy'
[193]: R = Isopropyl

[19a]: R = Bcttzyl

cHr

[19E]: R = Methyl (29olo)

[199]: R - Isoproptl63%,)

[200]: R= Benzfl (3aZQ

Acetylatim

[rE9l: R-Methyl
[190]: R = Isopnopyf

[f91]: R= Bcnzyl

[195]: R=Methyl(367o)

[196] : R - Isopropll Q2%')

[197]: R- Bcnzyl (457o)

end

atrd

Scheme 39

The presence of two separate carbonyl stretching frequencies in the infrared spectrurn,

viz. at 1742 cmr for the ester and the other at 1688 cm-r for the conjugated ketone

supported the keto ester structure 195 assigned to the molecule. Both methyl singlet

signals were observed in the lH-nmr spectrum with the acyl methyl signal at 6 2.06

while the acetyl methyl appeared at 6 2.54. The propan-3-ol acetate side chain was

evident by the three sets of 2-proton signals at 6 1.86, 3.00 and 4.13. The latter signal

being a clearly defined triplet with typical3./coupling of 6.8 Hz.

The diacetate stnrcture assigned to isolate 198 was based on the following spectral

evidence. A strong carbonyl band at 1752 cmr is typical of the ester carbonyl group in

the infrared spectrum. The methyl doublet at 6 l.5l with 3"f 6.6H2 together with the

expected quartet at 6 6.02 in the lH-nmr spectrum confirms the l-acetoryethyl side

chain. The presence of two acetate groups is evident by the two methyl singlets at6 2.04
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and 2.08 supported by the presence of rwo ester carbonyl groups at 6 170.5 and 171.5 in

the l3C-nmr spectrum. The lowfield triplet at 6 4.13 is typical of a methylene group

adjacent to an acetate.

The desired (R)-alcohols 186, 187 and 188 were obtained in unacceptable yields. This

result was similar to that reported by Giles and Green88. The authors demonstrated that

the CBS catalyzed chiral reduction of ketone 201 yielded the alcohol 202 only (Scheme

40). They attributed the result to the severe steric phenomena at the carbonyl carbon,

which inhibits the delivery of the hydride to the Si face of the ketone and since the only

other active site is the olefirq it becomes the favoured site for attack.

OMe

cBs o
Reduction

12021

Scheme 40

The very poor chiral reduction we were able to effect was not suitable for our multi-step

syntheses towards chiral isochroman quinones and hence an alternate stratery was

sought. Overman et al.8e showed that enantioselective reduction of 2-allylcyclohex-2-

en-l-one 203 with catechol-borane 204 as reducing agent in the presence of the (R)-

oxazaborolidine catalyst (R)-170, provided the corresponding (^9)-cyclohexenol 205 in

93%yield and enantiomeric excess greater than96%o (scheme 4l). The use of catechol-

borane as reducing agent in our synthesis led to a dark brown residue which could not

be isolated nor characteized.

-+

OMeOMe

[2011
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HO

+
(R>lr70l+BH

[2031 [2041

Scheme 41

Stone e0 reported that the selectivity increases with increasing temperature until an

optimal range is reached (30-50 oC) where the selectivity begins to decrease. Varying

the temperature in our synthesis led to no improvement in our results.

The fraction isolated in 7%o yield was assigned the structure of the expected chiral

alcohol 186 since all its spectral data were identical to the racemic alcohol 157

synthesized earlier. Due to the very low yields of all the expected chiral alcohols 186,

187 and 188, their enantiomeric excesses were not measured by conversion to the

Mosher esters. Instead, an alternative route to the chiral alcohols was sought.

Tolu".e

[20q
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4.2.3. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

Preparation of Corey-Bakshi-shibata (CBS) Catalyst (17 2)7s

H

To a solution of (^9)-C)-2-(diphenylhydroxymethyl)pyrrolidine

(500 mg, 1.98 mmoles) in (20 ml) of toluene was added n-

butylboronic acid (221 mg,2.l7 mmoles) and the mixture was

heated under reflux under nitrogen using either a Dean-Stark

In an oven dried three necked flask was introduced the Corey-

Bakshi-shibata (CBS) catalyst (0.3 ml, 0.15 mmol) in 0.5 M

toluene under nitrogen. 1 M Borane dimethyl sulphide

(BHsMezS.TlIF) in tetrahydrofuran (1 mI, lmmol) was added

dropwise to the CBS catalyst. 3,4-Dimethoxyacetophenone 180

trap or Soxhlet apparatus containing 4A molecular sieves in a thimble to remove water.

After 12 hours the reaction mixture was concentrated in vacuo and the residue of 172

was dissolved in toluene to give a 0.5 M toluene solution which was stored under dry

nitrogen at 4"C.

(R!3,4-Dimethoxy- 1-(1'-hydroxyethyl)-benzene (1 82)

[1

llt2l

o

cHr

.rrl H

MeO

(1.80 g, l0 mmol) in dried tetrahydrofuran (5 ml) was added simultaneously with

additional BH#ezS.THF (6 mI, 6 mmol) and the reaction mixture left to stir for 30

minutes. Methanol (2 ml) was then added and stirring was continued for a further 10

minutes. The reaction mixture was extracted with dichloromethane (4 x 40 ml). The

residue obtained upon work-up was purified by column chromatography using ethyl
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acetate - hexane (3:7) as eluant. The product was obtained as a colourless oil (1.71 g,

e4%).

182 v.,.3416 cm-r (O-rD; 6]Ht.47 (3II, 4 J 6.4ttz, CII3CHOrD, t.82 (1II, bs, D2O

exchangeable, CHTCHOI/ ), 3.87 (3IL s, fuOcfl3), 3.89 (3H, s, ArOCI/s), 5.88 (lIL q,

J 6.4 Hz CIJr,CHOID, 6.87 (3rL nr, tu-//r); 6c 25.1 (CIITCHOTD, 55.9 (ArOCHr),

56.0 (ArOCtIr),70.3 (CII3CIIOTD, 108.8 (C-5), 111.1 (C-2),117.7 (C-6), 138.7 (C-1),

148.5 (C-3)u and 149.2 (C4)". Assignments with the same superscripts may be

interchanged.Ms @f):m/z(%): 183(I\/f, tl), 182(55), 167 (72),139(100), 124(28).

[a]o : +29.8o (c = 1075, CHzClz), enatiomeric excess: lH-nmr (Mosher esters) 79%o and

europium shift reagent 97%.

Found: C, 66.01%o; I\ 7 .68%

Calculated for Cro[Ir+O* C,66.07Yo;H,7.72%; M 183.14.

(R!3,4-Dimethoxy-1-(1'-hydroxyethyl)-2-prop-2'-enylbenzene (186)

cHr
In an oven dried three necked flask was introduced the

Corey-Bakshi-Shibata (CBS) catalyst reagent (0.136 ml,

0.07 mmol) in 0.5 M toluene under nitrogen. I M Borane

dimethyl sulphide in tetrahydrofuran @II3MezS.TIIF)

,OH

MeO

[1E61

(0.45 ml, 0.45 mmol) was added dropwise to the CBS

reagent. Acetyl-3,4-dimethory-2-prop-2'-enylbenzene 160 (1.00 g,4.55 mmol) in dried

tetratrydrofuran(2 ml ) was added simultaneously with additional BH3}VIe2S.TIIF (2.72

mt,2.72 mmol) and the reaction mixture left to stir for 30 minutes. Methanol (l ml) was

then added and stirring was continued for a further l0 minutes. The reaction mixture

was extracted with dichloromethane (4 x 40 ml) and the residue obtained upon work-up

was purified by column chromatography using ethyl acetate - hexane (l:4) as eluant.
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Five compounds eluted in the order: starting material f60 (28 mg,3Yo), ketone 183 (44

mg 4.4Yo), 186 (70 mg, 7Yo),189 (280 mg, 26Yo), 192 Q30 mg, 2l%o). Further elution

with methanol gave a polymeric material.

Preparation of mono-and di-acetates (195, 196,1971 198, 199 and 200)

The sample was added to 15 ml of an acetylating mixture (acetic anhydride:pyridine;

ratio 2:l), and stirred for 24 hours at room temperature. The reaction mixture was

poured onto ice slurry (150 ml) and stirred for thour. Diethyl ether (50 ml) was added

and the solution transferred to a separating funnel and extracted with ether. The aqueous

phase was washed with hydrochloric acid (1M), followed by washing with a saturated

sodium hydrogen carbonate until the solution was neutralized. The organic phase was

extracted with dichloromethane (3 x 40 ml), dried over magnesium sulphate, filtered

and the solvent evaporated to a residue. The residue was purified by preparative thin

layer chromatography to afford the product.

189 and 192 were converted to their acetates 195 (120 mg, 36 Yo) nd 198 (90 m9,29

Yo) for full characterization purposes. All the products were oils.

l-Acetyl-3,4-dimethoxy-2-propylbenzene (1 83)

1E3 v.,. 1688 cm-r (C:O);6n 0.98 (3II, t" J7.4Hz3'-fD, 1.55 (zHbm,2'-H),2.54

(3FL s, Cfl3CO), 2.90 (2lI\ m, l'-fI), 3.81 (3II, s,

ArOCF/3),3.91 (3H, s, tuOCII),6.78 (1H, d, J8.8IIz,5-

H),7.48 (ltl d, "I8.8 Hz, 6-FD;6c 14.6 (C-3'), 24.6,(C-

2'), 28.6 (CHgCO), 29. 8 (C- l'), 5 5. 8 (Ar-O C113),

M€O

OMe

[1831
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60.9(ATOCIIT), 108.6 (C-5), 126.8 (C-6), 131.5 (C-l)", 138.4 (C-2)",147.8(C-3)b, 155.5

(C-4)0, 200.7 (C:O). Assignments with the same superscripts can be interchanged. MS

(E,D m/z (%):2229vf, 151, 207 (100), 176 (14).

Found: C, 70.l5Yo; I15 8.27%.

Calculated for C rHr sO * C, 7 Q.23%o: E 8. 1 8%; M 222.3 1 .

186 v,,,,3404 cm'r (O-fD;6n 1.46 (3H, 4 J 6.4I14 CH3CHOIT, 1.58 (llt bs, D2O

exchangeable, CII3CHO//),3.52 (2I1 ddt, "/ 13.0, 5.6 and 2.0 Hz, CHzClt-Cllz), 3.80

(3tL s, ATOCE3), 3.86 (3H, s, ATOCH3), 4.90 (lE dq, J 17.0 and 2.0 Hz ffans-

CHzCH=CHz), 5.03 (ltl dq, J lO.2 and 2.0 Ha cis-CHzCH:CHz),5.06 (lIL q, J 6'4

IIz, CH3CI/O[D, 6.00 (lfl rn, CHzCH=CHz), 6.86 (lII, 4 J8.8Hz.,5-H),7.24 (lE 4 /

8.8 Hz, 6-tD; 6c 24.3 (CIITCHOID, 29.7 (C[I2CH:CI{z), 55.7 (tuOC[I3), 60'9

(ATOCII3), 66.2 (CTCTIOID, 110.8 (C-5), 115.3 (C-3'), l2l.O (C-6), 130.7 (C-2)',

137.2 (C-t)", 137.9 (C-2,), 147.1 (C-3)b, 152.1 (C-4)o.Assignments with the same

zuperscripts may be interchanged. MS @l): m/z (o/o):222 gr,f, 2l;, 207 (100),189 (55),

t74 (41), ls8 (16).

Found: C, 7 0.l2Yo; H,, 8.20%.

Calculated for CrrIIreO * C, 70.23Yo: II, 8. l8%; M 222.31 .

1-Acetyl-2-(3'-hydroxypropyl)-3,4-dimethoxybenzene (l 89)

189 v.",, 3348 cm'r (O-tD and 1680 cm'r 1C=O;i 6n l.8l (zIL nt,2lm,2.56 (3Es,

CH3CO), 3.03 (2I1 t, J 6.2H2, 1'-fD, 3.54 (2H, t, J

6.OHL3'-[D, 3.83 (3H, s, ArOCI/s),3.92 (3tL s,

ATOCH3), 6.82 (lfl d, J8.8 llz,5-m,7.50 (1H, d,

-I8.8 Hz, 6-fD.

M€O

[ltel
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1-(1'-Eydroxyethyl)-2-(3'-hydroxypropyl)-3,4-dimethoxybenzene (192)

192 vo-.3350 cm'r (O-fD;6n 1.49 (3H, 4 J 6.4H2 CH3CHOrD, 1.81 (2H, rn,2'-II),

cHr2'82(zII\m'l'-fI)'3'54(21Lt"J6'1112'3'-II)'3'83
(3E s, ArOCF/3), 3.92(3H,, s, ATOCH3), 5.10 (lll q,

J 6.4H1CH3CflOfD, 6.80 (lfl d,./8.8II2, 5-II),

7.24 (lH5 4 J8.8 Hz, 6-II).
M€O

MeO

$nl

2-(3'-Acetoxypropyl)-1-acetyl-3,4-dimethoxybenzene (l 95)

195 v."* 1688 cmr (C:O) for ketone and 1742 cm-r 1C:O1 for ester; 6n 1.86 (2L rn,2''

H),L06 (3tL s, CFI3CO), 2.54 (3I\ s, CI&OCO),

3.00 (2I1 rn, 1'-I{), 3.81 (3I1 s, ArOC}[), 3.91

(3E s, ATOCH3), 4.13 QIf., \ J 6.8 Hz, 3'-H),

6.80 (lE d, J 8.6112, 5-ID, 7.53 (lII5 d\ J 8.6

rlesl tu, 6-LD;6c 21.0 (crlrco), 23.3 (ococ'I3),

29.6 (C-l')', 29.8 (C-2')',55.8 (ArOCHr), 60.8 (ArOCHr), 64.8 (C-3'), 108.9 (C-5),

127.2 (C-6), 131.1 (C-l)b, t37.3 (C-z)b, 147.9 (C-3)", 155.7 (C-4)", 171.5 (OCOCH3),

200.2 (CH3COfu). Assignments with the same superscripts may be interchanged. MS

@t): m/z (%):280 gvf, 11, 220 Q2),205 (48), 192 (100), 177 (42).

Found: C, 64.l2Yo; H, 7 .llo/o.

Calculated for CrsIIzoO s: C, 64.26Yo;Hr 7 .21%; M 280.35.
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l-(1'-Acetoxyethyl)-2-(3'-acetoxypropyl)-3,4-dimethoxybenzene (1 98)

l9E v.,. 1752 cmr (C:O); 6n l.5l (3IL d, J 6.6HZ,CH3CrD, 1.75 QH q 2'-H),2.04

OCOCH3

(3E s, CH3OCO),2.08 (3H, s, CII3OCO),2.75

(2IJ..m,I'-fD, 3.82 (3E s, ArOCfl3), 3.85 (3H,

s, ArOCf[), 4.13 QII\ t, J 6.4 IIz, 3'.m, 6.02

(lE q, J 6.6112, CH3C/fl, 6.82 (lI1 4 "/8.6
Ile8l

IIz, 5-ID, 7.15 (lH, d,./ 8.6 IIa 6-II); 6c 21.0 (OCOCHT)",21.4 (OCOCHr",22.2

(ATCCI{r, 22.7 (C-2'),29.7 (C-l'), 55.7 (ATOCIIT),60.7 (ArOCHr, il.4 (C-3'), 68.9

(ArCOAc), 110.6(C-5), 121.8(C-6), 132.9(C-l)b, 133.3 (C-2)b, U7.t(C-3)" 152.3 (C-

4)",170.5 (OCOCHr,17l.5 (OCOCII3). Assignmentswiththe same superscripts can

be interchanged. MS @l): m/z (%):26a;IVf - 60, 657,204 (26), 189 (100), 174 (38),

ls8 (r2), 129 (r3).

Found: C, 62.890/o; I15 7 .38%.

Calculated for CrzIIz+O s: C, 62.94Yo;I\ 7 .47; M 324.41.

(R|3-Isopropyloxy-4-methoxy- 1 -( 1' -hydroxyethyl)-2-prop-2'-enylbenzene ( I 87)

In an oven dried three necked flask was introduced the

MeO

McO

H Corey-Bakshi-Shibata (CBS) catalyst reagent (0.122 ml,

0.061 mmol) in 0.5M toluene under nitrogen. 1 M Borane

dimethyl sulphide in tetratrydrofuran @H3MezS.THF)
ocH(cH3h
t1&71 (0.407 ml, 0.407 mmol) was added dropwise to the CBS

reagent. Acetyl-3-isopropyloxy-4-methory-2-prop-2'-enylbenzene 16f (1.01 g, 4.07

mmol) in dried tetratrydrofuran (2 ml) was added simultaneously with additional

BIITMezS.TIIF (2.44 mL,2.44 mmol) and the reaction mixture left to stir for 30 minutes.

Methanol (l ml) was then added and stirring was continued for a further 10 minutes.
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The reaction mixture was extracted with dichloromethane (4 x 40 ml) and the residue

obtained upon work-up was purified by column chromatography using ethyl acetate -

hexane (l:4) as eluant. Five compounds eluted in the order: starting material 161 (54mg,

5.4yo), ketone 1S4 (60 mg, 6Yo),187 (53 mg, 5.2Yo), mono-ol 190 (220 mg,2l%o) and

diol 193 (247 mg, 23%). Further elution with methanol gave a polymeric material.

Compounds 190 and 193 were converted to their acetates 196 (93 mg, 32%o) and 199

(130 mg, 43%)for the purposes of full characterization. All products were obtained as

oils.

l -Acetyl-3-isopropyloxy-2-propyl-4-methoxybenzene (1 84)

184 v,,. 1686 cm'r 1C:O); 6n 0.93 (3H, t, J 7.4Iv. 3'-[0, 1.26 l6H5 d, J 6.0I11

OCH(CH3)z], 1.52 (211, nL 2'-I{), 2.52 (3E s,

CH3CO), 2.92 (2H, m, l'-II), 3.85 (3H, s, fuOCI/r),

4.46 ll[t, sept, J 6.0 Hz OCH(CH3)zl, 6.71 (lH, d, -/

8.611z.,5-H),7.42 (lfl d, J 5.6H4 6-tI); 6c 12.6 (C-

[1841

3'),20.6 [2 x CIIr(CIII)27,22.1(CHgCO), 27 .0 (C-2'),27 .8 (C-l'), 53.6 (ATOCIIT), 72-9

tCH(CH3)rl, 106.3 (C-5), 124.2 (C-6),129.7 (C-1)", 136.8 (C-2)", 143.5 (C-3)b, 153.6

(C-4)0, 199.1 (C=O). Assignments with the same superscripts can be interchanged. MS

@l, m/z (%):250 gvf, l5;, 208 (17),193 (100).

Found: C, 7 l.83Yo; H, 8.78o/o.

Calculated for CrsHzzO* C,71.95%o: H, 8.88%; M250.37.

187 v.",. 3396 crnr (O-rD; 6H 1.24 [3tL d, J 6.211?., CH(Cfl3)r] , 1.27 [3rL d, J 6.2114

CH(CIl3)r1,1.44 (3tL d, J 6.4 H4 CH3CHOII),1.75 (ltt bs, D2O exchangeable,

CII3CHO$, 3.54 (2H, ddt, J 16.4,5.8 and 1.8 IIz, CH2CI+CH2),3.82 (3tL s,
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ATOCH3), 4.49 UH', sept, J 6.2 H4 OCfl(CH3)zl, 4.95 (lE dq, J 17 '2 and l'8 Hz,

trans-CHzCH:CH2),5.00 (lll dq, "/ 10.4 and 1.8 llz, cis-CHzCH:CH2),5.08 (lII, q, -I

6.4llz,CI{3CflOH),5.95 (lE rn, CHzCH:CHz),6.83 (1II,4 J8.6H2,5-H),7.22(1H5

d, ,/ 8.6 Ha 6-rD; 6c 22.6 [2x(CH(CIIrh)7, 24.3 (cHrCHOrD, 30.2 (CH2CH:CHz),

55.7 (ATOCIIT), 66.1 (CH3CIIOD,74.7 (CII(CH3)r), 110.7 (C-5), 115.1 (c-3'), 120.4

(c-6), 13 1. I (C-2r, 137.3 (C-lF , 137 .g (C-z',),144.8 (C-3)b, 152.1 (c4)b. Assignments

with the same superscripts may be interchanged. MS @I\ m/z (Y): 250 6lr'f, lS;, ZOa

(16), 193 (100), 175 (38), 165 (19), 143 (66), 133 (15), ll5 (24).

Found: C, 7 1.7 6Yo; If5 8.92%.

Calculated for C r sHzzO * C, 7 1.9 5Yo; H, 8.87%o; M 250.37 .

1-Acetyl-2-(3' -hydroxypropyl)-3-isopropyloxy-4-methoxybenzen e (1 90)

190 6n l.2S [6II, d,J 6.2Hz,CH(CH3)2], 1.83 (zILn\2''H),2-56 (3H' s, CII3CO), 3'10

MeO

(2H, t, J 6.2llz,l'-tl), 3.46 (2\ t" J 6.2H2,3',-l{)

3.89 (3H, s, ArOCI/s), 4.50 [1H, nl Cf(CIIr)zJ,

6.80 (lFI, d, "/ 8.6 Hz, 5-H), 7.54 (ll1\ d, J 8.6 Hz,

6-rD.

[1e01

1-(1'-Hydroxyethyl)-2-(3'-hydroxypropyl)-3-isopropyloxy-4-methoxybenzene (193)

1936n 1.25 [6H, d,J6.2lfz,CH(CHt)2|,1.45 (3H, d, J6.4LfZ,CH3CHOII),1'75(2115

cHrn\2'jD'2'83QL\I"J6'2I{2'l'-tD'3'43(21\t"J6'0

ocH(cH3h

[1e31

llz, 3'-ID 3.81 (3H, s, ArOCfI3),4.50 [lE nt,

Cfl(CH3>l , 6.79 (lrl 4 J 8.6 Lt4 s-H),1 .21(1II, d, "/

8.6IIz, 6-II).
MeO

H
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2-(3'-Acetoxypropyt)- 1-acetyl-3-isopropyloxy-4-methoxybenzene ( I 96)

196 vru,, 1688 cm'l (C:O) for ketone and 1734 crnl 1C:O1 for ester; 6s 1.27 l6H, d, J

MeO

6.2 Hz, OCH(CH3)z], 1.89 (2L1, n\ zlH), 2.06

(3FL s, CH3OCO), 2.55 QIf\ s, CI[CO), 3.08

Qf\ L J 8.5ltz, l'-fD, 3.88 (3E s, ArOCIl3),

4.lo (2I1, t" J 6.8 Hz, 3'-II), 4.56 [1]L sept, "/
lresl

6.2lfz,OCH(Cruh},6.77 (ltl d, J8.8 Hz, 5-H),7.49 (lfl d, J 8.8Hz.,6-tl);6c21.2

(ATCOCIIT),22.1[2 x CH(CIIrhl,23.8 (OCOCHT),29.5 (C-l)', 29.7 (C-2')" 55.7 (Ar-

oclr3), 64.9 (C-3'), 74.8 (CTr(CI{3h), 108.7 (C-5),126.5 (C-6), 131.2 (C-l)0, 132.6 1C-

z)b,145.5 (c-3)", 155.6(c-4)",t71.4(ococH3),200.3 (tuCocH3). Assignmentswith

the same superscripts may be interchanged. MS @I). m/z (%): 308 gvl*, 9;, 266 (29),

206 (r00), 191 (100), 178 (50), 163 (20).

Found: C, 66.27Yo; L\ 7 .7 7%.

Calculated for C rzl{z+O s: C, 66.20Yo; H, 7 .86%; M 308.41.

1-(1'-Acetoxyethyl)-2-(3'-acetoxypropyl)-3-isopropyloxy-4-methoxybenzene (199)

199 vI,",, 1766 cm-r (C:O); 6v 1.27 [6IL d, J 6.2H2, OCH(CH3)2], 1.51 (3H, d, J 6.6

cHrIlz'CHtCHOAc)'l'86(2H'rn'2'-I''2'05(3I1

MeO

s, CIIrOCO),2.08 (3E s, Cfl3OCO), 2.80 (2I1b

nL l'-II), 3.82 (3H, s, tuOCf/r), 4.12 (zIL L J

6.4 H4 3'-ID, 4.52 tlH, sePt" J 6.2 Hz
lreel 

oc,(cHg)zl, 6.08 (lH, 9, J 6.6 H1

CITCI/OAc), 6.80 (lfl d, J 8.6 IIz, 5-II), 7.12 (III\ d, -/ 8.6 tu, 6-H);6c 2l.l

[CH(CHrhl, 21.5 [2xCH(CHr)2l, 22.3 (CH3OCO), 22.8 (CHsOCO), 23 .3 (A\), 29.3

(C-2'),55.7 (tuOCH3), il.6 (C-3'), 69.1 [CH(OAc)\,74.5 ICH(CII3)r], ll0'4 (C-s),
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121.2 (c-6),132.8 (C-l)", 133.8 (C-2)", t44.8 (C-3)0, 152.2 (C-qb,l7O.4 (C4),171.4

(C:O). Assignments with the same superscripts may be interchanged. MS @l): nt/z

(%):352 gV[*, 1, 292 (fi ), 250 (35), 190 (100), 175 (26),143 (16).

Found: C, 64.61/o;tl, 8. lffl0.

Calculated for Crs[I2sOc: C,64.74Yo;H"8.02Yo: M 352.47.

(R!3-Benzyloxy-4-methoxy-1-(1'-hydroxyethyl)-2-prop-2'-enylbenzene (188)

cHa In an oven dried three necked flask was introduced the

I..*,
M* Corey Bakshi Shibata (CBS) catalyst reagent (0.1 ml,

til
,-A&0.05mmol)in0'5Mtolueneundernitrogen.1MBorane

IocH2Ph dimethyl zulphide (BIIrMezS.TIlF) in tetrahydrofuran
[18E1

(0.33 ml, 0.33 mmol) was added dropwise to the CBS reagent. Acetyl-3-benzyloxy-4-

methoxy-2-prop-2'-enylbenzene 162 (1.00 g 3.3 mmol) in dried tetrahydrofuran (2 rnl)

was added simultaneously with additional BlIrMezS.TFtr (1.99 ml, 1.99 mmol) and the

reaction mixture left to stir for 30 minutes. Methanol (l ml) was then added and stirring

was continued for a further l0 minutes. The reaction mixture was extracted with

dichloromethane (4 x 40 ml) and the residue obtained upon work-up was purified by

column chromatography using ethyl acetate - hexane (l:4) as eluant. Five compounds

eluted in the order: starting material 162 (40 mg,4o/o), ketone f 85 (40 mg, 4Yo),1E8 (83

mg,8%o), mono-ol f9f (140 mg,l3%o) and diol 194 (280 mg,26Yo'). Further elution with

methanol gave a polymeric material. The alcohols 191 and 194 were converted to their

acetates 197 (71 ftg, 45%) and 200 (130 mg, 34Yo) for the purposes of full

characterization. All the products were oils.

72

http://etd.uwc.ac.za/



MeO

l-Acetyl-3-benzyloxy-2-propyl-4-methoxybenzene (1 85)

185 v,,,* 1677 cmt (C=O); 6n 0.95 (3II, t, J 7.4H,. 3'-ID, 1.54 (2H5 rn,2'-H),2.56 (3115

s, C/fiCO), 2.92 (2H" t, J 8.8 Hz, l'-fD, 3.93 (3tL s,

ATOCH3), 4.98 (2I\ s, OCIl2Ph), 6.81 (lfl d, J 8.6

Hz, 5-II), 7.41 (51L, n1 PhIf s), 7.49 QH5 d, J 8.6I14

6-tD; 6c 14.5 (C-3'), 24.5 (ATCOCHT), 28.9 (C-2'),

29.7 (C-l'),55.7 (ATOCIIT), 74.8 (OCtl2Ph), 108.6 (C-5), 127.0 (C-6), 127.9 (x3, aryl),

t28.5 (x2, aryl), t37.9 (aryl), 131.4 (C-lr, 138.6 (C-2)", t46.7 (C-3)b, 155.6 (C-4)b and

200.6 (fuCOCII3). Assignments with the same superscripts may be interchanged. MS

@D: m/z (%):298 M, : t),256 (100), 207 (54),191 (33), 178 (37),lel (33), 178 (37),

1s7 (1e), er (100).

Found: C, 7 6.39Yo; H, 7 .55Yo.

Calculated for C rsl{2zO * C, 7 6.47Yo; H, 7 .45%; M 298.41 .

188 vo-. 3384 cm'r (O-tD; 6n 1.46 (3E 4 J 6.4ltz, Cfl3CHOII), 1.68 (lH, bs, D2O

exchangeable, ClIrCHOll), 3.51 (2H, ddt, J 14.2,5.8 and 1.8 Hz, CH2CH:CH2), 3.88

(3E s, ArOCg3),4.88 (lH, dq,Jl7.2 and 1.8 llz,trans-CHzCH:CHz),4.98 (2E s,

OCH2Ph), 5.03 (1H, dq, J 10.2 and 1.8 Hz, cis-CHzCH:CH2), 5.06 (1H, q, J 6.4 Hz,

CH3CflOII),5.97 (lH, rq CHzCH:CHz), 6.91 (lIL d, J8.6H2,5-tD, 7.31 (lII, d, J8.6

IIz, 6-H), 7.40 (5H, nr, Ptrf/'s)i 6c 24.3 (CHTCHO[I), 29.9 (CHzCH=CII2), 55.8

(ArOCtIr), 66.2 (CruCTlOtI), 74.8 (CHzPh), 110.9 (s-C), 11s.3 (C-3'), 121.1 (C-6),

127.9 (aryl), 128.1(*2, aryl), 128.5 (x2, aryl), 131.0 (aryl), 137.9 (C-2' ), 137.3 (C-1)",

138.1 (C-2)", 145.0 (C-3)b and 152.2 (C-4)0. Assignments with the same superscripts

may be interchanged. MS @I): m/z (%):298 (It/f, 79),283 (43),265 (35),202 (56), 189

(84), 175 (s2), 16r (43), 131 (33),91 (100).

ll8sl
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Found: C, 7 6.30Yo; II\ 7 .53%.

Calculated for CrsI{2zO * C, 7 6.47Yo; H, 7 .45%; M 298.41 .

1-Acetyl-2-(3r-hydroxypropyl)-3-benzyloxy-4-methoxybenzene (1 9 1)

191 6n 1.83 (2H, rn, 2'-ID, 2.57 QH,, s, CIlsCO), 3.03 (2}t t" J 6.0112,l'-H),3.48 (2115

t, J 6.0 Hz, 3'-fD, 3.95 (3H, s, ArOCIl3), 4.98 (2H5

s, OC.F/2Ph), 6.85 (lII, 4 J 8.6L115-fD, 7.39 (5H,

r4 PhIf s), 7.55 (1H, d, -/8.6 Hz,6-H).
MeO

OCH2Ph

lreu

1-(I-Hydroxyethyl)-2-(3r-hydroxypropyl)-$benzyloxy-4-methoxybenzene (194)

194 6n 1.49 (3H, dJ 6.4Il1CruCHOfD, l.8l (2fL rn, z.m,2.79 Qlf5nyl'-H),3.47

CHa 
(Ztl,t, J 6.0H2,3,.ID, 3.89 (3H, s, AroCI/3),4.98

.i.\H (2IL s, OCll2Ph), 5.10 (lH, q,J 6.4112,

CH3CI/OID,6.87 (ltl d, J 8.8H2,5-ID, 7.28 (lH,

d, J 8.8 H4 6-m,7 .41 (5H, rq PhlJ"s).
ocH2Ph

[1e41

2-(3'-Acetoxypropyl)- 1 -acetyl-3-benzyloxy-4-methoxybenzene ( I 97)

197 v,-. 1684 cmr (C=O) for ketone and 1750 crn-r 1C:O; for ester; 6H 1.89 (2H r+ 2'-

MeO

II), 1.96 (3tL s, Cfl3OCO), 2.55 (3llb s, CIlrCO),

3.08 (2H, t, J 7.8 t{z, l'-fD, 3.93 (3fL s,

fuOCII3), 4.08 (2H, t, J 6.6H2,3'-H),4.97 QIf\

s, OCf/zPh), 6.84 (ltl 4 J 8.6 H4 5-H),7.39

MeO

t,.nl
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(5fL nt, PhI/s), 7.56 (lH, d, J 8.6 Ha 6-ID; 6c 20.9 (CH3CO), 23.6 (CIJaCOO), 29.5

(C-2'),29.7 (C-l'} 55.8 (ArOCHr, 64.7 (CllzOAc),74.6 (OCH2Ph), 108.9 (C-5),127.4

(C-6), 128.0 (x3, aryl), 128.5 (x2, aryl),135.7 (aryl), 13l.l (C-1)", 137.7 (C-2)",146.7

(c-3)b, l^55.7 (C-4'1b, 171.4 (OCOCI{3) and 200.1 (tuCOCI{3). Assignments with the

same superscripts may be interchanged. MS (ED: m/z (Yo): 296;Ivf-60, (1)1, 206 (100),

lel (41), et (27).

Found: C, 70.68Yo; H 6.7 4%.

Calculated for Cz rl{zrO s: C, 7 0.7 6Yo; II, 6.8U/o; M 3 5 6.4 5 .

l-( l'-Acetoxyethyt)-2-(3'-acetoxypropyl)-3-benzyloxy-4-methoxybenzene (200)

200 v,.,, 1734 cm'r (C=O); 6H 1.52 (3rL 4 J 6.6H2, CI4CHOAc), 1.86 (2tL m, z',-H),

cHg 2'00 (3H' s' CFI3COO)' 2'06 (3E s' C//3COO)'

H

MeO

2.75 (2I\ rq 1'-[D, 3.88 (3H, s, ArOC]A), 4.06

QIL t J 7.0 llz, 3'-H),5.01 (2H, s, Cfl2Ph),

6.08 (lH, q, J 6.6ltz, CHsCHOAc), 6.85 (1t[OCH2Ph

t2001 
d, J 8.6H4 5-ID, 7.lr (rll d, J B.6rfz,6-rr),

7.39 (5tI, rn, PhPs);6c 20.9 (CHTCHOAo),21.4 (CHTOCO),22.1 (CIbOCO), 23.0 (C-

2'),29.6 (C-l'), 55.7 (ATOCII3), 64.3 (CHOAc), 68.9 (C-3'), 74.7 (OCIl2Ph), 110.6 (5-

C), 121.9 (C-6), 127.9 (x3, aryl), 128.5, (x2, aryl), 133.5 (aryl), 132.9 (C-l)", 138.1 (C-

2)',145.0 (C-3)o and 152.4 (C-4)b, 170.4 and 171.4 (C:O). Assignments with the same

superscripts may be interchanged. MS @I\ m/z (%i: 3a0 pvf-OO, (7)1, 190 (100), 175

(13), el (1s).

Found: C, 7 9.47Yo; IL 7 .78%.

Calculated for CzgH2sO e: C, 7 9.50%o; H, 7 .93%; M 4005 | .
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4.3. Synthesis of 1-alkenyl-3,4-dialkoxylated acetophenones

Owing to the low yields of the (R)-alcohols 186, 187 and 1t8 obtained during the CBS

catalyzed reduction of the ketone precusors 160, 161 and 162, we embarked upon a

strategJ to conjugate the double bonder in the alkenyl group from the C-2' atom to the

C-l' atom by reacting the ketones 160, 161 and 162 with Dri-(acetonitrile)dichloro

palladium(tr) 206 in dichloromethane at 35 "C under nitrogen for 72 hours to afford the

corresponding conjugated side chain ketones 207 (94%),208 (81%) and 209 (87%)

(Scheme 42).

CH2C!2, N2
+ Pdcl2(CH3CN)2 n-

MeO MeO

OR

[160]: R- Methyl

[161]: R = Isopropyl

[f62]: R = Benzyf

[20q

OR

[207]: R= Methyl(9470)

[2(E]: R - Isopropyl (81%)

[2011]: R - Benzyl (877o)

Scheme 42

Clear evidence for conjugation of the prop-2'-enyl side chain to the trans-prop-1'-enyl

isomer is evident from the 'H-nmr spectrum in which the 3'-H appeared as a doublet of

a doublet in the region 6 1.86 - 1.90 with 3/6.6 - 6.8 Hz and 
oJ 1.8 Hz from long range

coupling to l'-H. A doublet of a quartet in the region of 6 5.80 - 5.90 with 3J 16.0 and

6.6 Hz confirmed the trans nature of the olefinic side chain for 2'-H. The more

deshielded l'-H appeared as a doublet of quartets in the region of 6 6.70 with 3J 16.0Hz

arrrd4J 1.8 Hz. In the "C-nmr spectra the C'-3 appeared in the expected region of 6 30.6.
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4.3.1. Chirat reduction of 1-alkenyl-3,4-dialkoxylated acetophenones

The conjugated ketones were subjected to enantioselective reduction using the CBS-

catalyst 172 andborane-dimethyl sulphide 181 as the reducing agent to afford firstly the

dimers 2l0,2ll and 212 followed by the (R)-alcohols 213 (59Y),214 (55yo) and 215

(61%) (Scheme 43).

[1721, TIIF, N2+
BH3MqS

OR OR

[2ffi]: R=me'lhyl

[208]:R=isoptopyl

[209] : R= beoryl
[210]: R=rnethyl

[211]: R=isopropyl

[212]:R=beuyl

cHr

[213]:R=methyl (59YO

[21a] : R = isopropyl (55 YO

[215f :R=benryl (6lvO

Scheme 43

During the reductive process in which the ketone moiety is chirally reduced it would

appear that the CBS catalyst was also capable of causing the benzylic positions to

undergo a novel C-C bond formation a precedent which we v/ere not able to find in the

literature. A possible reason could be ascribed to the proximity of the benzylic positions

in an intermediate complex between the CBS catalyst and the alcohol in which hydride

transfer to the C-2 of the side chain occurs with concomitant loss of the catalyst and

cHa
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C-C bond formation. A number of variations including lower temperature, dilution

versus concentration of reagents, speed at which BH3 and ketone were simultaneously

introduced, were attempted but without any significant reduction in the formation of the

dimer. In each of the three cases of reduction, the same dimeric material was isolated as

illustrated in the experimental section. Since all the analytical data is so similar except

for the 3-alkory goup a representative discussion of the reasons for making the

assignments will be confined to the 3,4-dimethoxy case 210.

The mass spectra for the three dimeric products of the series were not useful since they

did not indicate molecular ions. The fragmentation patterns proved rather complicated

and thus will not be discussed since more useful analytical data was obtained from the

other analytical techniques available. Microanalysis had values, which are acceptable

for the proposed molecular formula CzoIIrsOe. A very prominent band in the infrared

spectrum at3434 cm'l confirmed the presence of the -OH group.

The two tethered side chains are evident from a pair of triplets at 6 1.04 and 6 1.08 each

integrating for three protons and with a'J 7.2 Hz n the rH-nmr spectrum. The two

methyl groups of the reduced hydrory ethyl side chain each appeared as 3-proton

doublets at 6 1.52 and 6 1.63 with'J 6.6 Hz. Interestingly the two methine protons of

the newly formed C-C bond appeared as l-proton multiplets at 6 2.68 and 6 2-48. A

COSY spectrum of the dimer clearly demonstrated the connection of each of these

methine protons with the adjacent methylene protons at 6 1.7 - 1.9 which in turn were

connected to the triplets at 6 1.04 and 6 1.08. A sharp series of four peaks in the region

of 6 3.9 accounts for the four methory groups while two broad sigpals at 6 4.28 and 6

4.38 both DzO exchangeable are assigned to the two OH groups of the hydroryethane

side chain. A 2-proton quartet at 6 5.20 with 3./ 6.6112 is assigned to the two methine

protons of the hydroxyethyl side chain and this is confirmed by the clear connectivity
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shown in the COSY spectrum to the methyl doublets at 6 1.52 and 6 1.63. Finally the

aryl ortho hydrogens appeared as a multiplet at 6 6.75 integranng for three protons with

a separate doublet at 6 6.93 with J 8.8 Hz integrating for one proton. The r3C-nmr

spectrum showed a total of 26 C-atoms some overlapping while others, especially in the

aromatic region being just slightly different (see Section 4.3.3.). The rH-nmr and r3C-

nmr patterns are similar for all three dimers of the series leading to the conclusion that a

similar mechanism is involved during the CBS catalyzed chiral reduction of the ortho-

l'-alkenyl aryl ketones.

In therH-nmr spectra of the series of chiral alcohols 213,214 and 215 the methyl Soup

of the hydroryethyl side chain appeared as a doublet in the region of 6 1.45 wrthsJ 6.2

Hz while the methine proton of this same side chain appeared as a quartet in the

expected region of 6 5.15 with 3./ 6.2 Hz. The position of the OlI, which is

concentration dependent varied from 6 l.60 - 1.90. Confirmation of this reduction was

also evident by the disappearance ofthe C:O peak ofthe ketone precursors at 6 203 and

replaced by the benzylic peak at 6 66.4 in the "C-nmr spectra.

4,3.2. Determination of the Enatiomeric Excess Values

The enatiomeric excess value (ee Yo) canbe defined by the expression:

ee(yo\= 
Sl - 52 ,.loo
Sl+52

where, Sl is the integration of the signal of the major enantiomer and 52 is the

integration of the signal of the minor enantiomer. The enatiomeric excess value (ee o/o)

gives an indication of the optical purity of the product isolated.

Moshef2'e3 et al repofied that a-methory-a-trifluoromethylphenylacetic acid (MPTA)

reacts via its acid chloride with chiral alcohols to gle a mixture of diastereomeric esters
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whose nuclear magnetic resonance spectra can be used for quantitative analysis of the

enantiomeric composition of the chiral alcohol from which it is made. The advantage of

this reagent is that there is generally excellent separation of both proton and fluorine

nuclear magnetic resonance signals of the diastereomers. Furthermore, the presence of

the trifluoromethyl goup permits the use of fluorine nuclear magnetic resonance

spectra, which occurs in an uncongested region of the spectrume4.

Another method that may be used for determining the enantiomeric excess is the

addition of a chiral shift reagent such as Europium trisl3-

heptafl uoropropylhydromethoxymethylene-(+)-camphoratel.

In the determination of the enantiomeric excess the (R)-alcohol 182, the Mosher esters

were prepared by dissolving 182 in dichloromethane to which (.$)-MPTA 216 (4.0 mass

equiv), 4-dimethylaminopyridine (0.4 mass equiv) and dicyclohexylcarbodiimide (a.0

mass equiv) were added. The reaction mixture was stirred at room temperature for 15

hours (Scheme 44). The Mosher esters 217 ud 218 were purified by preparative thin

layer chromatography using acetone - hexane (l:9) as eluant.
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cHr

(t) 
-HO

<CFg

(R) (SlB*er

12171

Ph

+ [1r21 +

(s>[2r51

OMc

(S) (SlEstEr

[21r1

Scheme 44

In the determination of the enantiomeric excess value for the (R)-alcohols (213-215) the

direct reaction of the (R)-alcohols with (^9)-MPTA 2f6 in the presence of 4-

dimethylaminopyridine and dicycloherylcarbodiimide was unsuccessful since

hydrolysis of the Mosher esters back to the (R)-alcohols occurred during the

chromatographic purification. In alternative approach the (^9)-MPTA 216 was first

converted to the more active (^9)-MPTA-chloride 219 and in turn reacted with the (R)-

alcohol to give the Mosher esters.

Thus (^9)-MPTA216 was reacted with oxalyl chloride 220 (1.2 mmol) and a catdytic

amount of dimethylformamide (0.lmmol) to give the (^9)-MPTA-chloride2l9e5e6

(Scheme 45).
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fi .'Ph

12201

(i) dimethylformamide, dichloromethane, room temp., 4 hours

Scheme 45

The (R)-alcohols (213, 214 and 215) were then reacted with (,S)-MPTA-chloride 220

(l.t mmol), 4-dimethylaminopyridine (1.0 mmol) and triethylamine (3 mmol) in dry

dichloromethane (3 ml) to yield the diastereomeric esters 221to 226 (Scheme 46) which

were analyzed by proton and fluorine nuclear magnetic resonance spectroscopy.

Ph

<CFr

(R)(SlBst€rs

[221t: R = Met\'l
[223]: R - IsoproPYl

[225]: R- BenzYl

o
Ph

HO +
(t) t

(s)

T2xq

(s)

l2tel

cHr

fl .--h
cF_c_c<cF,

(s) Lr,
+ R-alcohol 

0 t
12131

l2t4l
t2lq

+

l2tel

Ph

(S)(s>Escrs

[2ztl: R- MethYl

[224]: R=boproPYl

[226]: R= BenzYt

(i) a-dimethylaminopyridine, triethylamine, dry dichloromethane

Scheme 46

82

http://etd.uwc.ac.za/



The fust method for detennining the enantiomeric excess value was the addition of

Europium ,ris[3-heptafluoropropylhydromethoxymethylene-(+)-camphorate] to the

alcohols 182, 213, 214 and 215, and was effected in progressive amounts until a

separation of peaks of selected protons was suffrcient as to allow for their sepatate

integration. In all cases, peaks underwent a very strong deshielding migration and

individual molecules will be illustrated separately as to which proton peaks were

chosen. For compound 182, the chromatographed material was treated with Europium

fn's[3-heptafluoropropylhydromethorymethylene-(+)-camphorate] and whilst all peaks

experienced very strong deshielding namely, the CHr doublet at 6 1.48 was deshielded

to 6 2.42 and the methine quartet at 6 4.85 was deshielded to 6 6.50. No splitting of

these signals was observed even when the concentration of Europium trisl3-

heptafluoropropylhydromethoxymethylene-(+)-camphorate] was in the order of 25Yo.

Although the CBS reduction of similar systems has been reported to proceed tvirth>97Yo

ee'u, one would have to synthesize the alternate enantiomer and mix the two in say a

2:3 ratio and again subject to the Europium trisl3-

heptafluoropropylhydromethoxymethylene-(+)-camphorate] reagent examine the rH-

nmr spectra.

For compound 213, the addition of Europium trisl3-

heptafluoropropylhydromethoxymethylene-(+)-camphoratel effected a deshielding

influence on all peaks and it was found that the 6-H moved from 6 7 .26 to 6 8.1 1 and

the enantiomeric 6-H appeared at 6 8.02 separate from the former which allowed the

enantiomeric excess to be determined as 7l%by comparing the relative integrations of

the two peaks.

For compound 214, the addition of Europium trisf3'

heptafluoropropylhydromethoxymethylene-(+)-camphoratel again had a strong
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deshielding effect on all proton signals and in this instance the signal that could be

clearly identified for the two enantiomers was the one due to 5-H which shifted from 6

6.82 to 6 6.97 and 6 7.00 which allowed the enantiomeric excess to be calculated as

75%u

For compound 215, the addition of Europium trisl3-

heptafluoropropylhydromethoxymethylene-(+)-camphorate] agun had a strong

deshielding effect on all proton signals. In this instance 6-H was deshielded from 6 7.28

to the enantiomeric doublet at 6 8.0land 6 8.09 which allowed the calculation of the

enantiomeric excess to be made as74Yo.

In the case of the Mosher esters the signals that were sufficiently separate for a

comparative integration analysis were in all cases due to the OCHr goup of the Mosher

ester. Although other signals of the alcohol showed a splitting, they were not

suffrciently separated to allow for unambiguous integrational assignments.

For compound 182, the OCII signals appeared at 6 3.47 and 6 3.57 which translated

into an enantiomeric excess value of 79Yo whrch was much lower than the 97o/o as

determined by the Europium frfs[3-heptafluoropropylhydromethoxymethylene-(+)-

camphoratel addition method.

For compound 213, the OCII signals appeared at 6 3.46 and 6 3.55 and allowed for a

calculation of an enantiomeric excess value of 64Yo whrch was in fair agreement to the

TlYo d*ermined by the Europium rris[3-heptafluoropropylhydromethoxymethylene-(+)-

camphorate] addition method.

For compound 214, the OCIIr signals appeared at 6 3.47 and 6 3.54 which translated

into an enantiomeric excess value of 600/o as compared to 75o/o determined by the

Europium rris[3-heptafluoropropylhydromethorymethylene-(+)-camphorate] addition

method.

84

http://etd.uwc.ac.za/



For compound 215, the comparable OCII signals appeared at 6 3.48 and 6 3.56 which

translated into an enantiomeric excess value of 53Yo as compared to 74yo determined by

the Europium rzi[3-heptafluoropropylhydromethoxymethylene-(+)-camphorate]

addition method.

A further determination of the enantiomeric excess values for the Mosher esters was

done by 'h-nmr spectroscopy in which the two rT signals for the enantiomers were

separate and integrated to afford the following enantiomeric excess values.

For molecule 213 the signals were at 6 80.62 and 6 80.77 and gave an enantiomeric

excess value of 80% in better agreement to the value obtained by the Europium lrls[3-

heptafluoropropylhydromethoxymethylene-(+)-camphoratel addition method.

For molecule2l4 the relevant signals in the lh-nmr spectrum appeared at 6 80.62 and 6

80.77 giving an enantiomeric excess value of 55Yo. For molecule 215 the relevant

signals in the 'T-nmr spectrum appeared at 6 80.63 and 6 80.77 giving an enantiomeric

excess value of 55yo.lt is believed that is values are lower due to the time the samples

were in the nuclear magnetic resonance tubes and thus some hydrolysis could have

occurred.

The Europium /ris[3-heptafluoropropylhydromethoxymethylene-(+)-camphorate]

addition method gave values which were consisted and was advantageous since no

additional sample preparation was required.
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4.3.3. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

Acetyl-3r&dimethoxy-2-prop-1'-enylbenzen e (207)

Acetyl-3,4-dimethoxy- Z-pr op-2''enylbenzene 160 ( I . 00

g, 4.45 mmol) was dissolved in dry dichloromethane (50

ml) and palladium chloride Dis-acetonitrile (100 mg) was

added. The reaction mixture was stirred at reflux under
12Ml

nitrogen for 72hours. The palladium chloride bis-acetonitrile was removed by filtering

the reaction mixture through a silica gel plug. The filtrate was evaporated to a residue

and the residue purified by column chromatography using ethyl acetate - hexane (l:9)

as eluant. The product was obtained as a bright yellow oil (0.949, 94%)-

207 v^u,,1684 cm'r (C=O); 6n L90 (3H, dd, J 6.6 and l.8l1z, CH{HCH3), 2.41(3tL s,

tuCOCH3), 3.75 (3H, s, tuOCII3), 3.89 (3fl,s, tuOCH3), 5.85 (1H, dq, -/ 16'0 and 6'6

tlz,CH:CHCH3),6.73 (lIL dq, J 16.0 and 1.8 Hz,CH=CHCH3),6.82 (lIL d, J8.6Hz,

5-m,7.25 (lfl d, J 8.6t12,6-II); 6c 19.3 (C-3'), 30.6 (CHTCO), 55.9 (ATOCIIT) 60'3

(ArOCHr, llO.0 (c-2',), 124.7 (C-6r, 124.8 (C-5)" 132.4 (C-2)b, 133.4 (C-l'), 133.8

(c-l)b, ]/i6.5 (C-3)", 154.9 (C4)" and 203.4 (CII3CO). Assignments with the same

superscripts may be interchanged. MS (El): m/z (%)'.220 glvf, t3;, 205 (100), 190 (16),

16l (20).

Found: C, 7 0.7 6Yo; l\ 7 .44%.

Calculated for C rrHreOr : C, 70. 88% ; H, 7 3 a%; M 220.29 .

MeO
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Acetyt-3-isopropyloxy-4-methoxy-2-prop-1'-enylbenzene (208)

ocH(cH3h

Acetyl-3 -i sopropylory-4- methory -2-pr op -2' -enylb enzene

161 (2.00 E, 8.07 mmol) was dissolved in dry

dichloromethane (100 ml) and palladium chloride bis'

acetonitrile (200 mg) was added. The reaction mixture was

120Bl

stirred at reflux under nitrogen for 72 hours. The palladium chloride Dis-acetonitrile was

removed by filtering the reaction mixhrre through a silica gel plug. The filtrate was

evaporated to a residue and the residue purified by column chromatography using ethyl

acetate - hexane (l:9) as eluant. The product was obtained as a bright yellow oil (0.81g;

8t%).

208 v,,,.1694 cmr (C:O);6n 1.23 [6IL d, J 6.2H1CH(C]13h], 1.88 (3I1 dd, J 6.6 and

1.8 Hz, CH:CHCII3), 2.34 (3IL s, ArcOCr/3), 3.86 (3E s, ArOCF/3), a.38 [1f[ rn,

OCH(CH3)2),5.82 (lfl dq, J 16.0 and 6.6 l1z, CH:CHCH3),6.72 (ltl dq, J 16.0 and

1.8 Hz, CII:CHCHT),6.82 (1H, 4 J S.8Hz, 5-fD, 7.18 (1H, 4 J 8.8H4 6'H);6c 19-2

(CH3CO), 22.6l2xCH(Ctlr)zl, 30.7 (C-3'), 55.9 (tuOC113), 7s.s [Ct(CIt)z], 110.0

(c-2'),124.3 (C-6r*,125.7 (C-5f, 125.9 (C-l)b, 128.8 (C-z)o,133.1 (C-l'),14p,.6 (C-3)"

155.9 (C-4)', 203.9 (C:O). Assignments with the same superscripts may be

interchanged. Ms @T): m/z (%):2a8 gvt*, t71, 233 (42),205 (15), l9l (100), 176 (24),

163 (r3).

Found: C, 72.43Yo; \15 8.17%.

Calculated for CrsllzoO* C,72.54Yo; II, 8.13%;M248.35.
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M€O

Acetyl-3-benzyloxy-4-methoxy-2-prop- I-enylbenzene (209)

Acetyl-3 -benzylory-4-methory-2-prop-2'-enylbenzene I 62

(1.00 g 3.38 mmol) was dissolved in dry dichloromethane

(50 ml) and palladium chloride bis-acetonitrile (100 mg, l0

mol%) was added. The reaction mixture was stirred at

[2oel

reflux under nitrogen for 72 hours. The palladium chloride Dis-acetonitrile was removed

by filtering the reaction mixture through a silica gel plug. The filtrate was evaporated to

a residue and the residue purified by column chromatography using ethyl acetate -

hexane (1:9) as eluant. The product was obtained as a bright yellow oil (0.87 g,87Yo).

209 v.",, 1684 crn-r (C:O);6s 1.84 (3IL d4 J 6.6 and 1.8 Hz, CH:CHCI[),2.40 (3H5

s, ATCOCI&), 3.90 (3tL s, tuOCH3), 4.89 (2115 s, OCI/zPh),5.82 (ltl dq, -r 16'0 and

6.6lfz,CH=CIICIIr), 6.63 (lE dq, J 16.0 and 1.8 H4CH=CHCII3), 6.84 (1H, d,J 8.6

Ilz,5-H),7.28 OIf,, d, J 8.6 H1 6-m,7.37 (5115 nL Phlfs); 6c 19.2 (C-3'), 30.6

(ATCOCIIT), 56.0 (ArOCtIr), 74.0 (OCg-Ph), l l0.l (C-2'), 125.1 (C-6)', 128.1 (C-5)",

128.4 (x3, aryl), 128.5 (x2, aryl),133.0 (c-2)b, 133.5 (C-l'), 133.8 (C-lf , 137.5 (aryl),

145.3 (C-3)", 155.1 (C-4)' and 203.3 (ATCOCH3). Assignments with the same

superscripts may be interchanged. MS (El): m/z (%\2961iv[*, 4;, 205 (100), 190 (13),

178 (ll), 163 (s5), 9l (28),43 (15).

Found: C, 7 6.7 YYo; H', 6.93%.

Calculated for C r gII2zO s: C, 7 6.99yo; H, 6.82%; M 29 6.39 .
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(R)-3,4-Dimethoxy-1-(l'-hydroxyethyl)-2-prop-1'-enylben zene Q13)

cHr
In an oven dried three necked flask was introduced the

Corey-Bakshi-shibata (CBS) catalyst reagent (0.136 ml,

0.07 mmol) in 0.5 M toluene under nitrogen. 1 M Borane

dimethyl sulphide in tetratrydrofuran (BHTMezS.TIIF)

H

MeO

l2t3l

(0.45 ml, 0.45 mmol) was added dropwise to the CBS reagent. Acetyl-3,4-dimethory-

2-prop-l'-enylbenzene (1.00 g, 4.55 mmol) in dried tetrahydrofuran (2 ml) was added

simultaneously with additional BHTMezS.TI-IF (2.72 mL,2.72 mmol) and the reaction

mixture left to stir for 30 minutes. Methanol (l ml) was then added and stirring was

continued for a further 10 minutes. The reaction mixnrre was extracted with

dichloromethane (4 x 40 ml), dried over magnesium sulphate and filtered. The filtrate

was evaporated to a residue and was purified by column chromatography using ethyl

acetate - hexane (l:4) as eluant.

The fust compound to elute was assigned the dimeric structure 210 and was obtained as

a thick oil (0.3g, l8o/o).

210 v,-* 3434 cm I (O-fD; 6n 1.04 (3E q J 7 .2 l1z, CIlzCfu), 1.08 (3H, t, J 7 .2 llz,

CHzCH),1.52 [3II, d, J 6.6 Hz, CH(OIDgHtl,l.63 [3f[ d\ J 6.6 Hz, CH(OIDCHtI,

1.82 (4I1 overlapping multiplet, CHCfl2CII3),2.43 (lE rn, CHCH1Cru),2.62 (lE rn,

CHCI{2CH3),3.82,3.84, 3.85 and 3.86 (each 3tI, s, ArOCIls),4.28 and 4.38 [each ltl,

bs, DzO exchangeable CH(O/4CII3], 5.20l2l\ q, J 6.6 Hz, CH(OIDCII3], 6'75 (3I\

OMe

OHcHr
HH

[2101
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rn, both 5-H's and one of the 6-H's), 6.93 (lH, 4 "/ 8.8 IIa 6-fD; 6c 14.1, 14.3, 22.5,

23.8,27.3,27.6,55.6,55.7,60.5,60.7,70.1(x2),73.9 (x2), 109.3,110.2,119.3, 120.4,

133 . 1, 133 .4, 133.6, 134.8, 146.8, 147 .4, 154.4 and 152.0; MS (EI): m/z (%): 269 (13),

el (roo).

Found: C, 69.97Yo; tl\ 8.62%.

Calculated for CzollreO e'. C, 69.91%o;H" 8.59/o; M (446.64).

Further elution gave the product 213; as a pale yellow oil (0.59 g,59/o) in yield.

213 v.u,, 3407 cm't (O-tD;6n 1.46 (3E 4 J 6.4H4 CH3CHOH),1.64 (1II, bs, DzO

exchangeable, CITCHOI/), 1.92 (3I1 dd, J 6.4 and 1.8 Hz, CH:CHCI/3), 3.72 (3FL s,

ArOCF/3), 3.86 (3H, s, ATOCI4), 5.13 (lE q, J 6.4 H1CH3CflOH), 6.00 (1H, rq

CH:CIICII:\,6.42 (ltl dq, J 16.0 and 1.8 Hz CH=CHCH3), 6.82 (lH, 4 "I8.6 lfz, 5-

H),7.26 (lfl d, J8.6H2,6-ID;6c 19.4 (C-3'), 24.4 (CI\CHO[I), 55.9 (ArOCtIr),60.2

(ATOCIIs), 66.4 (CH3CIIO[D, 111.0 (C-2'), 120J (C-6), 123.5 (C-5), 131.2 (C-2)",

132.3 (C-l'), 136.7 (C-lf, 146.5 (C-3;b, 151.5 (C-4)0. Assignments with the same

superscripts may be interchanged. MS @I). m/z (%).222 gvf, t l),207 (100), 189 (15),

176 (15), l6a (13); [a,]o = +32.2o (c = 0.785, CHzCb); enantiomeric excess: 'H-nmr

(Mosher esters) 64Yo,tsE-nmr(Mosher esters) 80% and europium shift reagent 71ol0.

Found: C, 7 0.16%; H 8.13%.

Calculated for C rsllreO * C, 7 0.23Yo; f[ 8. lSYo; M 222.3 I .
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(R)-3-Isopropyloxy-4-methoxy-1-(l'-hydroxyethyl)-2-prop-1'-enylbenzene (214)

In an oven dried three necked flask was introduced the
cHr

Corey-Bakshi-Shibata (CBS) catalyst reagent (0.122 ml,

0.061 mmol) in 0.5 M toluene under nitrogen. I M

Borane dimethyl sulphide in tetrahydrofuran

12t4t 
@HalrdezS.THF) (0.407 ml, 0.407 mmol) was added

dropwise to the CBS reagent. Acetyl-3-Isopropyloxy-4-methoxy-2-prop-l'-enylbenzene

(1.01 g 4.07 mmol) in dried tetratrydrofuran (2 ml) was added simultaneously with

additional BHTMezS.TW (2.44 ml, 2.44 mmol) and the reaction mixture left to stir for

30 minutes. Methanol (l ml) was then added and stirring was continued for a further 10

minutes. The reaction mixture was extracted with dichloromethane (4 x 40 rnl) and the

residue obtained upon work-up was purified by column chromatogaphy using ethyl

acetate - hexane (l:4) as eluant. The first compound to elute was assigned the dimeric

structure 211 as was obtained as a thick oil (0.a2 g,2lo/o).

MeO

I21rl

211 v-,* 3428 cmt (O-tD; 6n 0.97 (3IL t, J 7.0 HL CHzCft), 1.04 (3H, t, J 7.2I12,

CHzCH), 1.20 [6tL d, J 6.4 ltz, OCH(CHthl, 1.37 t6H, 4 J 6.4 Hz, OCH(Cfl3)2], 1.5 I

t3H, 4 J 6.8 IIz, CH(OIDCfl3l, 1.63 [3H, d, -I 6.8 IIz, CH(OIDC//3], 1.80 (4H,

overlapping multiplet, CHCI/2CH3), 2.52 (lH, nL CHCH2CH3), 2.70 (1H, nL

CHC}JICH3),3.82 and 3.83 (each 3H, s, ATOCI4), 4.30 and 4.39 [each lH, bs, DzO

M€O

cHg
H

9t
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exchangeable, CH(O//)CH3], 4.52 l2I\ nr OCI(CH3)r] 5.20 l2H q, J 6.8 H1

CH(O[DCH3},6.73 (3IL rq both 5-H's and one of the 6-H's) and 6.88 (lfl 4 "/8.8 Hz,

6-tD;6c 14.0,14.4,21.1,22.2,22.3,22.9,23.0,23.3,26.7,27.8,55.5,55.6,70.2(x2),

74.0 (x2),74.1,74.4, 109.0, 110.0, 118.7, 119.8, 133.1, 133.5, 133.6, L35.4, 14.6,

145.1,151.4 and 152.1;MS @t): m/z (o/o):482 (23),467 (17),235 (18), 206 (100), 191

(2s).

Found: C, 7 l.53Yo; H5 9.17%.

Calculated for CmlIeeO a: C, 7 l.66Yo; H, 9 .24%; M (502.7 6).

Further elution gave the product 214; as a pale yellow oil (0.56 g, 55%o) in yield.

2t4v^,,,3400 cmr (O-rD; 6st.22 t6E 4 J 6.2112, OCH(CH3)z),1.45 (3rL d, J 6.2H4

CH3CHOI!,l.66 (ltl, bs, D2O exchangeable, CI{3CHO//), l.9l (3H, dd, J 6.4 and 1.6

Ha CH:CHCH3),3.82 (3H, s, ArOCI/r),4.29 [tI, sept, J 6.2H2, OCH(CH3)r], 5.13

(lfl q, J 6.4I1z., CH3CHOI{), 5.98 (lIL dq, J 16.0 and 6.4lfz, CH:CHCH3), 6.41 (lE

dq,.I16.0 and l.8IIz, CE{HCH3), 6.82 (1H, d, J 8.6H4 5-l{),7.26 (lfl d, J 8.6H2,

6-tt); 6c 19.2 (C-3'),22.6 [2xCH(CHr)z],24.0 (CH3CHOII), 55.2 (ArOCH3), 66.5

(CH3CIIOH), 75.4 (CI{(CH3>), 110.8 (C-2'), 120.2 (C-6), r24.s (C-5), 132.0 (C-2)",

132.2 (C-l'), 136.5 (C-l)", 144.6 (C-3)b, 152.5 (C-4)b. Assignments with the same

superscripts may be interchanged. @t): m/z (%):250 (Ivf, l9), 208 (18), 193 (100), 175

(26), 165 (2D;' A3 (27), 133, (19), 115 (11); [cr]o: +28.3o (c:0.755, CHzClz);

enantiomeric excess: lH-nmr (Mosher esters) 60Yo, t'F-nmr (Mosher esters) 55% and

europium shift reagent 75%.

Found: C,7l.86Yo; tI, 8.89Plo.

Calculated for C r sIIzzO * C, 7 1.9 5Yo; H, 8.87%; M 250.37 .
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(R)-3-Benzytoxy-4-methoxy-1-(1'-hydroxyethyl)-2-prop-1'-enylbenzene (215)

In an oven dried three necked flask was introduced the
cHr

Corey-Bakshi-Shibata (CBS) catalyst reagent (0.1 ml,

0.05 mmol) in 0.5 M toluene under nitrogen. I M Borane

dimethyl sulphide @H3MezS.THF) in tetrahydrofuran

t2rsl 
(0.33 ml, 0.33 mmol) was added dropwise to the cBS

reagent. Acetyl-3-benzyloxy-4-methory-2-prop-l'-enylbenzene (0.98 g; 3.31 mmol) in

dried tetrahydrofuran (2 ml) was added simultaneously with additional BHrIrdezS.TIIF

(1.99 ml, 1.99 mmol) and the reaction mixture left to stir for 30 minutes. Methanol (l

ml) was then added and stirring was continued for a further 10 minutes. The reaction

mixture was extracted with dichloromethane (a x 40 rnl) and the residue obtained was

purified by column chromatography using ethyl acetate - hexane (1:a) as eluant. The

first compound to elute was assigned the dimeric structure 212 and was obtained as a

thick oil (0.37 g,l9%).

cHr

MeO

OHH

MeO

PhH2@

212 v-,,3407 cm-r (O-fD; 6n 0.97 (3tL t, J 7 .4 tfz, CHzCH), 1.02 (3H, t, J 7.4 Hz,

CHzCH),1.53 [3H, d, J 6.6 Hz, CH(OtDCHtl,l.64 [3t1 L J 6.6 Hz, CH(O]DCHII,

1.64 (4115 overlapping multiplet, CHCI/2CI{3),2.44 (lE rn, CHCH2Cru),2.60 (ltl rq

CHCH1CH3), 3.88 and 3.89 (each 3II, s, ArOCI&), 4.38 and 4.40 [each lII, bs, DzO

exchangeable, CH(O//)CH3],5.10 [6H, n,CHzPhand C](OffCII3l,6.80 (3H, r& both

12121
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5-H's and one of the 6-H's), 6.95 (lE 4 "/ 8.8 Hz, GH),7.40 (10H, rL aryl ring); 6c

14.1, 14.4,21.5,24.0,27.4,28.0,55.9, 56.0, 7O.l (x2),74.0,74.6, 74.8, (x2), 109.5,

110.4, 119.6, 120.7,127.8(x4),128.5(x4), 128.6(x2),133.5, 133.7 (xZ),133.9,135.2,

138.2, 145.9, 146.5,151.6 and 152.2; MS @D: m/z (Y$: 538 Q2), 436 (14),221 (18),

r93 (14), 192 (100), 177 (18).

Found: C, 7 6.l0Yq' H, 7 .69/o.

Calculated for CreHrO o: C, 76.2lYo;Hr 7 .760/o; M (598.84).

Further elution gave the product 215; as a pale yellow oil (0.619, 6l%) in yield.

215 v,,,, 3396 cm'r (O-fD; 6n 1.46 (3tl d, J 6.2112, CH3CHOrD, 1.89 (3I1 dd, .I6.6

and 1.8 tlz, CH=CHCI[), 3.87 (3E s, ArOC//3), 4.88 (2I[ s, OCI/2Ph), 5.1I (l]I, q, "/

6.4 Hl CII3CflOH), 5.97 (ltl dq, J 16.0 and 6.4 Hz, CH:CHCI{3), 6.39 (1II, dq, -/

16.0 and 1.8 H4 CH:CHCH3),6.87 (ltl d, J8.411:-,5-m,7.32(1fL d, J8.4H2,6-m,

7.38 (5H, rn, Phffs); 6c19.2 (C-3'), 24.4 (CIfaCO), 56.0 (ArOCHr), 66.5 (CI{O[D,74.6

(OCHzPh), lll.l (C-2'), 120.8 (C-6), 123.7 (C-5), 128.3 (x3, aryl), 128.4 (x2, aryl),

l3l.t (c-2)^, 132.4 (C-l'), 136.7 (C-l)", 138.0 (aryl), 145.5 (C-31b, 152.1 (C-4)0.

Assignments with the same superscripts may be interchanged. MS @I): m/z (Y$.298

grf ,221,296(44),281(27),267 (33),256Q\;207 (52),191, (36), 178 (41), 161 (19),

145 (13),91 (100); [a]o: +21.9", (c = 0.755, CI{zClz); enantiomeric excess: rH-nmr

(Mosher esters) 53%, reF-nmr (Mosher esters) 55%o andeuropium shift reagent 74%.

Found: C, 7 6.5lYo; H" 7 .3 60/o.

Calculated for Crg[IzzO * C, 76.47o/o;H, 7 .45%; M 298.41.
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Preparation of Mosher Esteru Q17 and2l8)

cHr

(R) (slEstq
l2t7l

o
il

o
."*h

OMe

(s) (slEst6

[21r1

The (R)-alcohol 182 (50 mg, 0.275 mmol) was dissolved in dichloromethane (2 ml) to

which (,9)-a-methoxy-cr-trifluoromethylphenylacetic acid Q00 mg), 4-

dimethylaminopyridine (20 mg 0.164 mmol) and dicyclohexylcarbodiimide (200 mg

0.969 mmol) were added. The reaction mixture was stirred under nitrogen for 15 hours.

The residue obtained after work-up was purified by preparative thin layer

chromatography using acetone - hexane (l:9) as eluant to afford the product as an oil.

217 and2186n 1.63 (3I1 d,J6.6ltz,CHICH),3.47 and3.57 (3tLq, Jl.2H4 OCfl3of

Mosher ester enantiomers), 3.72 and 3.86 (3E s, ArOCIlr), 6.06 (lE q, J 6.6 lfz,

CI{3C14, 6.71 (1H, 4 "/ 1.8 H12-H),6.79 (lH5 d5 J 5.2 H4 5-ID, 6.87 (lH, dd, J 8.2

and 1.8 Hz,6-H),7.35 (5fL m, Phf/s).
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Preparation of Mosher Esters (221-226\

cHa

-cFr

OR

(R) (S>Est€rs

[221]: R: Methyl

[2Zll: R - hopnopyl

[225]: R= Benzyl

vacuum.

."Ph

.tPh @Hr

M€O

(S) (SlEst€ts

[222]: R = Methyl

[224]: R: Isopr,opl

[226]: R= Bauyl

(^9)-cr-methoxy-cr-trifluoromethylphenylacetic acid (100 f,g, 0.427 mmol) was

converted to the acid chloride, using oxalyl chloride (1.2 equiv, 0.512 mmol) and

catalytic amount of dimethylformamide (0.1 equiv, 0.0427 mmol) by stirring in

dichloromethane (3 ml) at room temperature for 4 hours followed by distillation under

To the alcohol (40 mg) in dry dichloromethane (2 ml) was added +

dimethylaminopyridine (l equiv), triethylamine (3 equiv) and (,9)-MPTA-chloride (1.1

equiv). The mixture was stirred overnight at room temperature until completion of the

esterification as judged by thin layer chromatography. The residue obtained after work-

up was purified by preparative thin layer chromatography using ethyl acetate - hexane

(l:4) as eluant to afford the product as an oil.

221 arrd 222 6s 1.57 (3H, d, J 6.6H2, CH3CL[), 1.93 (3H, dd, J 6.6 and 1.8 II4 3',-[I),

3.46 and3.55 (3II q,J l. Hz,OCruof Mosher ester enantiomers), 3.72 and 3.86 (3E

s, A1OCF/3), 5.92 (lfl dq, J 16.0 and 6.6 Hz, trans-Z'-H), 6.29 (|IL q, J 6'6 H1

CtI3ClO, 6.43 (1H, dq, J 16.0 and 1.8 Hz, trans'l-m,6.92 (ltl d, J 8.6I14 5-II), 7'15

(lH, 4 J8.6llz,6-t0,7.38 (5E rn, Ph/f s).
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223 and 224 6s 1.24 l6H d, J 6.4 Hz, CH(Cru)2], 1.56 (3tL d, J 6.6 lfz, Cl13CfD, 1.93

(3fL d4 J 6.6 and,1.8 Hz, 3'-H), 3.47 and 3.54 (3II q, J l.6Hz, OCHt of Mosher ester

enantiomers), 3.81 and 3.82 (3E s, tuOCH3), 4.32ll[ m, CI(CIt)z], 5.91 (llt dq, "I

15.8 and 6.6HZ trms4lH), 6.35 (ltl q, J 6.6lfz, CH3CIO, 6.42 (lHi dq, J 15.8 and

1.8 [Iz, trans-l'-H),6.69 (lE 4 J 8.6Ha_ 5-II), 6.86 (lE 4 J 8.6H4 6-rD, 7.36 (5I1

rn, Ph/fs).

225 and226 1.57 (3fL d, J 6.6lfz, CH3CII), 1.88 (3H, dd,J 6.6 and 1.8 II4 3'-II), 3.48

and 3.56 (3E q, J l.2lfz,OCfl1. of Mosher ester enantiomers), 3.85 and 3.87 (3tI, s,

ATOCH3), 4.88 (2II, s, C.F/2Ph), 5.90 (ltl dq, J 16.0 and 6.6 IIz, trans-2'-I{), 6.30 (1H,

q, J 6.6 H1 CruCA,6.4l (lIL dq, J 16.0 and 1.8 llz, frans-l'-H), 6.73 (1II, d, -I8.8

Hz, 5-ID, 6.93 (lIL d,,/8.8 H16-H),7.41glf\rL PhPs).
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4.4. Metat Mediated Cyctisation of the @)-1(1'-hydroxyethyll2-(proy2'-enyl!4-

methoxybenzenes into their corresponding Isochromans

The various intramolecular cyclisation methods of precursors leading to formation of

the benzo[c]pyran ring systems have been discussed in the literature section. Of

particular interest were the cyclisation methods in which potassium tertiary butoxide2r

and mercuric acetate30 were used. In order to test the validity of the cyclisation method

with potassium tertiary butoxide, the racemic alcohols 157, 158 and 159 were selected

and treated as follows. To a heated solution of I equivalent of racemic alcohol dissolved

in dry dimethylformamide was added 4 equivalents of potassium tertiary butoxide. The

reaction mixture was heated at 80 oC under nitrogen for 45 minutes to afford mainly the

racemic trans-pyrans 227 (96%), 225 (90%) and 229 (77y") after chromatography

(Scheme 47).

thoKDMF -. +
mincmqrutof
l,3crs -isomerN2,45 mio

[157]: R - Methoxy

[15t]: R = Isopropyl

[159]: R= Benzyl

[227]: R = MethoxY

[228]: R - Isopropyl

[229]: R- Benzyl

Scheme 47

The assignment of the |,3-trans configuration is based on the position of the chemical

shift of the 3-H in the 'H-nmr spectrum. In the three molecules synthesized the 3-H

appeared as a multiplet in the region of 6 3.98 - 6 4.00. These results are in accordance

with the results of the Giles group mentioned earfieft.
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As a result of the very poor yields of the (R)-alcohols 186, 187 and 188 obtained from

the reduction of the ketone precursors 160, 161 and 162 discussed earlier in Chapter 2

we introduced an alteration in the steric environment about the ketonic group by vitue of

conjugation of the double bond in the propenyl side chain. Thus reduction of the

ketones 207, 208 and 209 using BII3 and the Corey-Bakshi-shibata catalyst was far

more successful in affording much more reasonable yields of the (R)-alcohols 213,214

and 215 and this has been discussed in Section 4.3.1.

Although intramolecular cyclisation of the racemic alcohols 157, 158 and 159 into the

corresponding benzopyrans 227,228 and 229 occrr in high yield using the powerful

base, potassivm tertiary-butoxide in dimethylformamide, it was not considered to be a

viable method for the conversion of the corresponding chiral alcohols 213,214 and 215

into chiral isochromans. The possibility exists in our view that the benzylic l-H might

be prone to attack by the powerful basic tertiary-butoxide anion and lead to

racemisation and thus the mercuric acetate method3o was choosen.

It is known that this method provides both the 1,3-cis- as well as the 1,3-trans-dimethyl

benzopyran products2T'28'2e30 but we were confident that these diastereomers could be

separated chromatographically if not at the isochroman oxidation level, then at the

isochromanquinone oxidation level.

The (R)-alcohol (l mol equiv) was dissolved in a solution of tetratrydrofuran-water

(ratio l:l) to which mecuric acetate (l mol equiv) was added and the reaction mixture

was stirred at room temperature for one hour. Two portions of sodium hydroxide

solution were added at hourly intervals, followed by the addition of sodium borohydride

(22.0 mol equiv) to give an inseparable mixhrre of cis- and trans- chiral pyrans (Scheme

48).
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9Hr

(i),(iD > + +

[213]: R - Methory

[21a]: R- hopmpyt

[215]: R- Benzyt

[230]: R - Methoxy

[231]: R= Isopropyl

[232]: R= Be.nzyl

OR

[233]: R * Methory
p34l: R= IsopropYl

[235]: R = Bcnzyl

cfu arrda:ans -P361: R- MethorY

cis adaaw -p371: R= Isopropyl

cir and rraas -[2it8]: R = BemYl

(i) TIff/ HzO, Hg(OAc)2; (ii) NaOH (3M), NaBH4.

Scheme 48

The GC-MS demonstrated a profile of four peaks, two small ones eluting before the two

major ones. It was also most interesting to note that from the fragmentation patterns of

the four products, each pair was similar and each compound has the same molecular

mass and consequently same molecular formula which in turn suggested that all four

compounds were isomers of each other. As it turned oul the earlier fractions were due

to the cis-238 and trans-238 benzofurans while latter major fractions are due to the two

isochromans 232 and 235. The rH-nmr spectrum of the mixture of the chiral

isochromans 232 and 235 separated from the benzofurans were in accordance with their

structures but will not be discussed at this stage since it was decided to separate the

isomers at the quinone oxidation level (Section 4.5.).
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Thus the mixnrre of the isockomans 2321 235 and benzofurans (cis- and trans') 238

were debenzylated via catalytic hydrogenolysis in ethyl acetate using 5% palladium on

charcoal to afford a mixnre comprising the two major 5-hydroxyisochromans 239,240

and the hydroxyberzofurans (cis- and trans-) in 97% yield. A small portion of the

product was plated to obtain a pure quantity of the chiral phenol 240 fot spectral

analysis.

A strong v.r,, at 3472 cmr confirmed the presence of the phenolic OH group in the

infrared spectrum. ln the rH-nmr spectrum the 3-proton doublet at 6 1.33 with3J 6.Zllz

is assigned to 3-C%twhile the 3,proton doublet at 6 1.49 with 3,f 6.61tzis assigned to

the l-CIlr which is confirmed by being coupled to the l-H which appeared as a quartet

at 6 4.gg with 3J 6.6 Hz. A doublet of a doublet at 6 2.42 with 2/ 16.8 and 'J t0.0 Hz is

assigned to the pseudoaxial 4-H while a doublet of a doublet at 6 2.85 with 2J 16.8 and

'J 3.6H2 is assigned to the pseudoequatorial 4-H. A multiplet * 6 4.l2is assigned to 3-

H again indicating the trans l,3-relationship of the methyl groups of the pyran ring and

a 3-proton singlet at 6 3.87 is assigned to the CH3O group. Finally the 5-OH group

appeared as a single peak at 6 5.69 being D2O exchangeable while the tvto ortho

coupled aromatic protons 7-H and 8-H appeared as doublets at 6 6.54 and 6 6.73 with 3"f

8.4IJz respectively.
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(i)++

+

+

1B2l t23sl cir andrans [2littl

+

OH

l23el 12401 cisarrdr:ats p4ll

(i) ethyl acetate, 5% palladium on charcod,2-3 drops HCI (conc.)

Scheme 49

Simitarly the racemic trans-benzyl pyran 229 was also de-benzylated under similar

reaction conditions to af,[ord the racemic trans-phenol242 (96%) (Scheme 50).

(i) >
McO MeO

122e1 12421

O ethyl acetatg 5% palladium on charcoal,2-3 drops HCI (conc.)

Scheme 50
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4.4.1. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

trans-3,4-Dihydro-5,Gdimethoxy- 1,3-dimethylbenzo [cl p y ran (227)

MeO

ln an oven dried trvo-necked flask 3,4-dimethory-l-(l-

hydroryethyl)-2-prop-2'-enylbenzene 157 (500 mg, 2.25

mmol) and dry dimethylformamide (50 ml) were

combined. Under nitrogen atmosphere potassium tertiary
12271

butoxide (1.01 g, 9.01 mmol) was added and the reaction mixnrre heated at 70-80 oC for

45 minutes. Water (200 ml) and diethyl ether (100 ml) were added and the reaction

mixture extracted with diethyl ether (4 x 100 ml). The residue obtained upon work-up

was purified by column chromatography using ethyl acetate - hexane (1.5:8.5) as eluant.

The product (trans isomer) was obtained as a colorless oil (482 mg,96Yo).

227 v- * 1274 cxrfr (C-O); 6u 1.33 (3rL d, J 6.2n4 3-CH3',), 1.49 (3H, d, J 6.6I]2, l-

gFt),2.42 (lI\ dd, J 16.8 and 9.9 112, 4-tt), 2.91 (ltl, dd, "I 16.8 and 3.6 lZ +H"),

3.81 (3E s, ArOCf/r), 3.95 (3H, s, ArOCfl3), 4.00 (lH, rn, 3-Ir, 5.00 (llt q,J 6.6H2,

l-tD,6.75 (ltl d, J8.4Llz,7-H),6.78 (1H, d, J8.4IIZ,8-ID;6c 21.6Q-A*.),22.4(l-

ClI3), 30.5 (C4), 55.9 (ArOCtIr),60.2 (ATOCIIT), 63.5 (C-3), 70.3 (C-l), 110.4 (C-4,

120.7 (C-8),127.8 (C-8a)", ].:,2.a (C4a)',146.2 (C-6)b, 150.6 (C-5)b. Assignments with

the same superscripts may be interchaged. MS @l): m/z (%):222 6r,f, 201, 207 (100),

189(lr), r76(16).

Found: C, 7 0.14o/o; H5 8.21%.

Calculated for CrrHrsO * C, 70.23Yo; H, 8. l8%; M 222.31 .
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MeO

trans-3,4-Dihydro-5-isopropyloxy-6-methoxy-1,3-dimethylbenzo[cl pyran (228)

In an oven dried two-necked flask 3-isopropyloxy-4-

methory- I -( I -hydroxyethyl)-2-prop-2'-enylbertzene I 58

(500 mg, 2.00 mmol) and dry dimethylformamide (50 ml)

OCH(CH3b --L:- -r rr-r^- - -2t-^^^- ^+-^^-L^-^ *a+
t22Et were combined. Under a nitrogen atmosphere potassium

tertiary butoxide (897 mg, 8.0 mmol) was added and the reaction mixture heated at 70-

80 oC for 45 minutes. Water (200 ml) and diethyl ether (100 ml) were added and the

reaction mixture extracted with diethyl ether (4 x 100 ml). The residue obtained upon

work-up was purified by column chromatography using ethyl acetate - hexane (1.5:8.5)

as eluant. The product (trans isomer) was obtained as a colorless oil (450 m9,90%o).

228 v.,,r 1262 crrfr (C-O); 6n I .25 [6]L d, J 6.2 1tz, CH(CH3;] , I .29 (3tL d, J 6.2, 3-

gHt),1.48(3II, d,J6.6,1-CH),2.42(lII5ddrJ16.4and9.4Hz,4'H,),2.91(lH'dd,J

16.4 and 3.4H4 4-fL), 3.81 (3H, s, ATOCI4), 3.98 (1I1 m, 3-m, 4.49 [llt sept, -I6.2

Hz,CH(CH1)2], 5.OO (lE q, J 6.6H2,Lm,6.72 (lH, d, J 8-4Hz.,7-H),6.76 (lll, 4 /

8.a Ha 8-fD; 6c 21.5 ICIIr), 22.5 (Clflt), 22.8 ['2, CH(CHr)21, 31.4 (C-4), ss.9

(ATOCIIT), 63.8, (C-3),70.2 (C-l), 74.4\CT[(CH3)2J, 110.4 (C-7), t20.1 (C-8), 128.s

(C-8a)', 132.4 (C-4a)^, 144.1 (C-6)b, 150.8 (C-5)b. Assignments with the same

superscripts may be interchanged. MS (EI): m/z (Y):250 gvf, l9;, 235 (29),193 (100),

143 (13).

Found: C, 7 0.14o/o; H, 8.21%.

Calculated for CrsIIzzOt C,7l.95Yo: E 8.88%; M 250.37.
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MeO

trans-3,4-dihydro-$benzyloxy-Gmethoxy-1,3-dimethylbenzo[clpytan (229)

122e1

In an oven dried rwo-necked flask 3-benzyloxy-4-

methory- l -(l -hydroryethyl)-2-prop -2' -enylberuene 159

(500 mg, 1.68 mmol) and dry dimethylformamide (50 ml)

were combined. Under a nitrogen atmosphere potassium

tertiary butoxide (753 mg, 6.71 mmol) was added and the reaction mixture heated at70'

80 "C for 45 minutes. Water (200 ml) and diethyl ether (100 ml) were added to the

reaction mixtue and extracted with diethyl ether (4 x 100 ml). The residue obtained

upon work-up was purified by column chromatography using ethyl acetate - hexane

(1.5:8.5) as eluant. The product (trans isomer) was obtained as a white solid (384 mg;

77Yr).

229 melting point 84-87 oC (from hexane - ethyl acetate); v-,, 1274 crlr.' 1C-O1; 6,r

1.26 (3II, d, J 6.2 Ha 3-CH), 1.48 (3fL d, J 6.6llz, l-CH3), 2.31 (lI\ dd, J 16.8 and

9.6H14-fL), 2.82 (ll\ dd, "/ 16.8 and 3.4 H4 4-H"),3.87 (3I1 s, ArOCflr), 3.98 (lH,

nL 3-fD, 4.97 (ll\q,J6.6H4 l-tD, 4.99QH, s, OCI/zPh),6.76 (lIL 4 J8.8H17-H),

6.82 (lI1 4 "/ 8.8 Hz, 8-fD, 7.38 (5H, rn, Phffs); 6c 21.4 (3-CHr), 225 (l-CT\), 30.8

(C4), 56.0 (ATOCIIs), 63.6 (C-3), 70.2 (C-l),74.3 (OCllzPh), 110.5 (C-7), 120.8 (C-8),

127.9 (aryl), 128.0 (x2, aryl), 128.2 (x2, aryl), 128.4 (aryl), 132.4 (C-4a)", 138.0 (C-

8a)", 145.0 (C-5)b, 150.7 (C-6)b. Assignments with the same superscripts may be

interchanged. MS (ED: m/z (%):298 0\f, 3t), 283 (73), 254 (46), 207 (14) 177.(20),

163 (53), r3s (17),91 (100).

Found: C, 7 6.4lYo; lL, 7 .32%.

Calculated : C, 7 6.47Yo; IL 7 .45%. C 1p,HnOt (298.41).
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(1R,3S)-3,4-Dihydro-5,Gdimethoxy-1,3-dimethylbenzo[c]pyran (230) and (lR 3R)-

3,4-dihydro-5,6-dimethoxy-1,3-dimethylbenzo [cl pyran (233)

[2331

The (R)-methory alcohol 213 (520 m9,2.34 mmol) was dissolved in tetrahydrofuran

(17 ml) and water (17 ml). Mercuric acetate (746 mg,2.34 mmol) was added and the

reaction stirred for I hour. Sodium hydroxide solution (17 ml x 3 M) was added and the

reaction stirred for another hour. A further portion of sodium hydroxide solution (17 ml

, 3 lvO and sodium borohydride (1.95 g 51.5 mmol) were added and the reaction

mixture was then allowed to stir for another hour. The reaction mixture was extracted

with ethyl acetate (3 x 50 ml) and the residue obtained upon work-up was purified by

column chromatography using ethyl acetate - hexane (l:4) as eluant. The product (pale

yellow oil) was obtained as a mixture of isomers (330 mg, 64Yo). An aliquot of the

product mixnrre was separated by preparative thin layer chromatography using ethyl

acetate - hexane (1:9) for full characterization purposes. The first band eluted

comprised of the mixture of benzofurans 236 followed by the chiral cls-isomer 230

and lastly the chiral franrs-isomer 233 all being oils.

230 v,",, 1274 cm'r (C-O); 6H 1.39 (3tL d, J 6.2H4 3-CH3),1.52 (3H, d, J 6.6 Hz, l-

gH),2.51 (1H, dd, J 17.0 and 10.6 Hz, 4-[L), 2.88 (lE dd, J 17.0 and 3.4 llz, 4-ru),

3.75 (lH, nL 3-fD, 3.81 (3H, s, ArOCI[), 3.85 (3E s, ArOCI/3), 4.91 (lH, q,J 6.2I12,

l-H),6.76 (ltl d, J8.4H4 7-tD, 6.83 (ltl d, "I8.4 Hz, 8-tt);

McOM€O

OMc

12.301

OMe
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6c 21.6 (3-CII3), 22.4 (L-CIL), 30.5 (C-4), 55.9 (ATOCIIT),60.2 (tuOCHr), 63.5 (C-3),

70.3 (C-l), llO.4 (C-7), 120.7 (C-8),127.8 (C-8af, Bz.a (Ca$',146.2 (C-Ob, 150.6

(C-5f. Assignments with the same superscripts may be interchanged. MS @l\ trlz (%):

222(Nf ,20),207 (100), 189(11), 176(16).

Found: C, 7 0.14o/o; \ 8.21o/o.

Calculated for CrrHrsO* C,70.23Yo: E 8.18%; M222.31.

The spectra of 233 were identical in all respects to the racemic trans-isomer 227.

(fRp,S)-3,4-Dihydro-$isopropyloxy-6-methoxy-l'3-dimethylbenzo[clpyran (Bf)

and (lR 3R)-3,4-dihydro-$isopropyloxy-6-methoxy-1,3-dimethylbenzo[clpyran

(2s4)

The (R)-isopropyl alcohol 214 (404 mg 1.62 mmol) was dissolved in tetrahydrofuran

(19 ml) and water (19 ml). Mercuric acetate (516 mg, 1.62 mmol) was added and the

reaction stirred for I hour. Sodium hydroxide solution (11.5 ml , 3 M) was added and

the reaction stirred for another hour. A further portion of sodium hydroxide solution

(11.5 ml ' 3 lvD and sodium borohydride (1.350 g,35.7 mmol) were added and the

reaction mixture was then allowed to stir for another hour. The reaction mixture was

extracted with ethyl acetate (3 x 50 ml) and the residue obtained upon work-up was

purified by column chromatography using ethyl acetate - hexane (l:4) as eluant. The

product (pale yellow oil) was obtained as a mixture of isomers (220 mg, 55%). An

M€OMeO

[2311 [2341
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aliquot of the product mixhrre was separated by preparative thin layer chromatography

using ethyl acetate - hexane (l:9) for full characterization purposes. The fisrt band

eluted contained the mixture of hydrorypyrans 237 followed by the chiral cis-isomer

231 and lastly the chiral frazs-isomer 234 all being oils.

231 v,^, 1262cmt (C-O); 6n 1.26 t6H,4 J6.2H1CH(CH3)21,1.34(38 4 J6.2,3-

gH),1.47 (3IIb d, J 6.6H11-Cru\,2.40 (lI{, dd, J 16.4 and 9.8 tlz,4-H,),2.89 (lH,

dd, J 16.4 ail3.2H1+ru),3.71 (lfl nL 3-Ir, 3.81 (3H, s, ATOCH3), 4.47 [1]I, sept, -I

6.2H2, C/(CH3)2] ,4.77 (lE q, J 6.2H41-H), 6.73 (ltl d, J 8.411z.,7-fD, 6.75 (lfl

d,J8.4I{a 8-fD;6c 21.5 (3-CH3), 22.5 (l-Clrs),22.7 [r2, CH(CHr)21,3t.4 (C-4), 55.9

(ArOCHr), 66.3, (C-3),70.2 (C-l), 74.4lCTt(CH3)2], 110.7 (C-7), t20.1(C-8), 128.5

(C-8a)", 132.4 (C-4a)',144.1 (C-6)b, 150.8 (C-5)b. Assignments with the same

superscripts may be interchanged. MS @t\ nr/z (Yo):250 gvt*, 191, 235 (29),193 (100),

143 (r3).

Found: C, 7 O.24Yo; H, 8.41o/o

Calculated for CrsIIzzO* C,71.95%o: II, 8.88%; M 250.37.

The spectra of 234 were identical in all respects to the racemic /ranr,s-isomer 228.

(143^9)- 5-Benzyloxy-3,4-Dihydro-6-methoxy-1,3-dimethylbenzo[c]pyran (232) and

(fRiR)- $Benzylor:y-3,4-dihydro-6-methoxy-1,3-dimethylbenzo[clpyran (235)

MeO

12321
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The (R)-benzyl alcohol 215 (375 mg, 1.258 mmol) was dissolved in tetratrydrofuran (15

ml) and water (15 rnl). Mercuric acetate (401 mg, 1.258 mmol) was added and the

reaction stirred for I hour. Sodium hydroxide solution (9 ml x 3 M) was added and the

reaction stirred for another hour. A further portion of sodium hydroxide solution (9 ml

, 3 IvO and sodium borohydride (1.048 g 27.7 mmol) were added and the reaction

mixture was then allowed to stir for another hour. The reaction mixture was extracted

with ethyl acetate (3 x 50 ml) and the residue obtained upon work-up was purified by

column chromatography using ethyl acetate - hexane (l:4) as eluant. The product

(yellow oil) was obtained as a mixture of isomers (233 mg, 62%o). An aliquot of the

product mixture was separated by preparative thin layer chromatography using ethyl

acetate- hexane (1:9) for full characterization purposes. Again the first band to elute

contained the mixture of berzofurans 238 followed by the chiral cls-isomer 232 and

lastly the chiral /ranas-isomer 235 all being oils.

232 v^u,,1269 cm-r (C-O); 6n 1.32 (3fL d, J 6.2lfi.,3-Cfu), 1.46 (3H, d,, J 6.2H2, l-

gg),2.30 (lfl dd, J 16.8 and 11.0 I12,4-ru),2.85 (lH, dd, -/ 16.8 and3.2H14-H"),

3.75 (lH, rL 3-Ir, 3.87 (3H, s, ATOCIft), 4.78 (ltl q, J 6.2lfz, l-H), 4.99 (2tL s,

OCH2Ph), 6.78 (lfl d, "/8.8 H17-H),6.80 (lH, d,.I8.8IIz, 8-ff), 7.38 (5H, rL Phffs);

6c 21.3 (3-CHr), 22.5 (l-C11s), 30.8 (C-4), 56.0 (ATOCIIT), 63.6 (C-3), 70.2 (C-l),74.3

(OCH2Ph), lll.7 (C-7), 120.8 (C-8), 127..9 (aryl), 128.2(x2, aryl), 128.3 (x2, aryl),

128.a (aryl),134.4 (C4a)", 138.0 (C-8a)", 145.0 (C-5)0, 150.7 (C-Ob. Assignments with

the same superscripts may be interchanged.

MS @r): m/z (Yo):298 (lvf, 3l), 283 (73),254 (46),207 (14) 177 (20), 163 (53), 135

(17), er (loo).
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Found: C, 7 6.61Yo; I\ 7 .52%.

Calculated for CrgtI2zO* C,76.47%o;Ht 7 .45%; M 298.41.

The spectra of 2il5 were identical in all respects to the racemic trans-isomer 229

(lR 3fi)-3,4-Dihydro-5-hydroxy-6-methoxy-1,3-dimethylbenzo[c]pyran (239) and

(lR 3^9)-3,4-dihydro-5-hydroxy-6-methoxy-1,3-dimethylbenzo[clpyran (240)

MeO

[23eI

The isomeric mixture of benzyl chiral pyrans 232 and 235 and furan 238 (988 mg, 3.32

mmol) was dissolved in ethyl acetate ( O ml) containing 5% palladium on charcoal (100

mg) and 3 drops concentrated hydrochloric acid (10 M) were added. The reaction

mixture was stirred for 15 hours under flow of hydrogen. The reaction mixture was

filtered and the solvent evaporated to afhrd the crude product as a red oil (670 mg,

e7%).

239 and 240 6n 1.30-1.54 (l2I\ pairs of doublets, J 6.2-6.6H4 l- and 3-CI&),2-40

(2[I, overlapping dd, J 17.0 and 10.0 flz, pseudoodal 4-II), 2.82 (2H\ overlapping dd, -/

17.0 and 3.8 Hz, pseudoequatorial 4-tI), 3.86 and 3.87 (6E each s, ArOC//3), 3.90 and

4.12 (2I\ rl1 3-H of cri and tror isomers), 4.80 and 5.00 (2H, each q, J 7.6H4 l-H),

5.75 (2H5br s, DzO exchangeable, 5-OI/), 6.65 (4II, overlapping pairs of doublets, J 8.4

H47- and 8-tI).

MeO

OH

[2401
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A small portion was plated and eluted with ethyl acetate - hexane (l:5) which allowed

the isolation of a small amount of pure 240 that had a lH-nmr spectrum identical to the

racemic mateial242.

Racemic-frazs-3,4-dihydro-5-hydroxy-6-methoxy-1,3-dimethylbenzolclpyran (242)

MeO

12421

The racemic-ffans pyran 229 (123 mg, 0.413 mmol) was

dissolved in ethyl acetate (15 ml) to which 5% palladium

on charcoal (15 mg) was added followed by 2 drops of

concentrated hydrochloric acid (10 M). The reaction

mixture was stirred for 24 hours under flow of hydrogen. The residue obtained upon

work-up was purified by column chromatography using ethyl acetate - hexane (l:4) as

the eluant. The product was obtained as a red oil (82 mg,960/o).

242 v^n 3472 crrft (O-rD; 6H 1.33 (3rL 4 J 6.2H13-CH3),1.49 (3H, d, J 6.6 H1 l-

gHs),2.42 (lH5 dd, ,I 16.8 and 10.0 Hz, 4-ru),2.85 (1H, dd, J 16.6 and 3.6 Hz, 4-Ha),

3.87 (3H, s, ArOCI/r),4.12 (lfl nr, 3-H),4.99 (ltl q, J 6.6llz, 1-H), 5.69 (ltl, bs,

DzO exchangeable, 5-O/r, 6.54 (lE d, J 8.4 [fz, H-7), 6.73 (lH\ d, J 8.4 Ha H-8); 6c

21.7 (3-CIL), 22.6 (l-CH3), 30.2 (C-4), s6.3 (ATOCIIT), 63.4 (C-2), 70.6 (C-1), 108.6

(c-7), 116.3 (C-8), tz}.t (C4af, 133.1 (C-8af, 143.3 (C-5)b, A4.4 (C-6)0.

Assignments with the same superscripts may be interchanged. MS @l): m/z (Y): 208

gt,* ,221,193 (100), 16t (il), 143 (25) 133 (20).

Found: C, 69.28Yo;I\ 7 .44 %.

Calculated for CrzHreO\: C, 69.200/o; H, 7 .56%; M 208.28.
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4.5. Oxidation of Phenolic Pyrans to their corresponding Quinones

Fremy was the first to prepare potassium nitrosodisulphate commonly known as

Fremy's salt 243e7. Hantzsch and Semplee8 showed that solutions of 243, which are

purple in colour contain monomeric nitrosodisulphonate ions; the yellow solid of 243,

however is made up of dimeric species.

2K+

12431

The overall stoichiometry of the oxidation of phenols with Fremy's salt has been

showne to involve the reaction of lequivalent of phenol244 with 2 equivalents of 243

to gve I equivalent of benzoquinone 245, I equivalent of dipotassium

hydroryimidodisulfate 246, and I equivalent of dipotassium imidobissulfate 247. The

oxidation of hydroquinones also results in the formation of benzoquinones, but the

stoichiometry is different. For exampleee, I equivalent of hydroquinone 248 reacts with

2 equivalents of 243 to give I equivalent of benzoquinone 245 and 2 equivalents of

dipotassium hydroxyimidodosulfate 246 (Scheme 5 1 ).

2.ON(sqKh [2431
2.oN(sqKh [2431

-HON(SO3Kb [24q
-HN(sqKh t2471

-2HON(sqKh [24q

12441 l24sl

Scheme 51

OH

OH

I24El

tt2

F{
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A general mechanistic interpretation, consistent with the observed stoichiometry, was

suggestedee for Fremy's radical oxidation of phenols and is depicted in Scheme 52.

124e1

+ €

[2sl1

.oN(sqKh .oN(sqKh

12431

R=H

12s21

R

12431

ooN(so3K)2 [2a31

-HON(So3Kb [24q

Scheme 52

[2s31

-HN(SOrKh

[24s1

-HN(sqKh

12471w

[2s01
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Hydrogen abstraction from 249 by 243 results in the formation of dipotassium

hydroryimidobissulfate246 and the resonance stablized radical 251. This can react with

a second equivalent of 243 to give either of the cyclohexadienone intermediates 252 or

253, depending on the nature of R, followed by loss of the elements of dipotassium

imidobissulfate24T to give the benzoquinones 245 or 250ee'r00.

The chiral phenolic pyrans 239 and 240 and hydrorybenzofurans 241were oxidized to

their corresponding chiral isochromanquinones 254 and 255 and benzofuranquinones

256 by dissolving them in methanol and then adding this solution to an aqueous

buffered solution of 2 mol equivalents of Fremy's salt 243. The reaction mixture was

stirred at room temperature for I hour, quenched with water and extracted with

dichloromethane to afford a product mixture (Scheme 53).

(,) 
-

M€O

M€O

+

+

M€O

+

+

M€O

l23el

t2s4l

l24ol ciran,da.arr l24ll

M€O MeO

[2ssl cbafrta*s 1256l

(i) Fremy's salt in aqueous buffer solution; room temp; t hour

Scheme 53
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Separation of the product mixnrre was achieved by radial chromatography using ethyl

acetate - hexane (1:9) as eluant. The furan 256 (6%) eluted first followed very closely

by the cfs- and trans- chiral isochromanquinones in 254 (26%) and 255 (28%). The

specific rotation of the cis- and trans- chiral isochromanquinones were *97" and -l4o

and their enantiomeric excesses 48%o and 69Yo respectively, as determined by the

Europium shift reagent.

The mass spectrum of 256 indicated that it was an isomer of the expected

isochromanquinone 255, due to its mass also being 222 and having a molecular formula

CrzHr+On. The infrared spectrum showed strong absorption at vmax 1665 cmr typical of

the quinone system.

The rH-nmr spectrum had the following features. The ethyl side chain at C-3 of the

furan ring for quinone 256 was quite evident since the 2'-H's appeared as a triplet at 6

0.93 with tJ 7.2IIz while a 2-proton multiplet is observed at 6 1.71 for the l'-H. The

signal for the methine proton 3-H overlapped with the methine signal for l-H at 6 5.26.

A COSY spectrum clearly indicated that both methine protons l- and 3-H are indeed

present at6 5.26 and the assignment is made due to fustly a cross peak with the l-CIIr

doublet at61.47 with3J A.ZHz, and a further cross peak with 1'-H peak at 6 1.71. This

latter peak also had the expected cross peak with the 2'-H triplet at 6 0.93. Finally the 5-

OCII3 group appeared as a singlet at 6 3.83 while 6-H appeared as a singlet at 6 5.84.

In the "C-nmr spectrum the 2'-CII: of the side chain appeared at 6 9.2 while the l-CIIr

appeared at the 6 21.0 and the IAL appeared at6 27.4.

The next quinone to elute was assigned the cls l,3-dimethyl structure 254 and is based

on the following rH-nmr 
spectral data.

A doublet at 6 1.33 wtth3J 6.2tlz is assigned to 3-CHs while a doublet at 6 1.48 with 3J

6.6 Hzis assigned to 1-CIIr. The pseudoa,xial 4-H appeared as a ddd at 6 2.13 with 2J

lls
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l8.4llz while coupling to the pseudoaxial 3-H is observed as 10.0 Hz and finally long

range coupling to the pseudoaxial l-H is 4.0 llz. On the other hand, the

pseudoequatorial 4-H appeared as a doublet of a triplet at 6 2.61 vnth2J 18.4 Hz and

further coupling of 2.8IIz with the pseudoorid 3-H. A multiplet at 6 3.53 is assigned to

3-H while l-H appeared as a multiplet at 6 4.69. The OCtIr appeared as a singlet at 6

3.80 while the quinone 7-IJ appeared as a singlet at 6 5.83. Upon the addition of about

l0 mol percent Europium shift reagent to the compound all the signals experienced a

deshielding effect and notable among these was the l-CH3 doublet which was

deshielded from 6 1.48 to 6 2.10 where it showed separation of the signals, the 6-OCII3

signal which was shifted from 6 3.80 to 6 4.37 where two signals were decernable but

the most dramatic was the quinone 7-H singlet which was deshielded from 6 5.83 to 6

7.00 where two different signals were clearly evident and from the relative integrations

the enantiomeric excess was calculated to be 48%.

Further elution from the chromatotron afforded the trans pyran quinone 255 the

structure of which is also based on the lH-nmr spectrum. In this case a doublet at 6 l.3l

withsJ 6.2 Hz is assigned to 3-CHt while a doublet at 6 1.46 with 3"1 T.OHzis assigned

to l-C/ft. The pseudoildal 4-H appeared as a ddd Lt 6 2.12 with 2J tg.O tlz while

coupling to the pseudoarial 3-H is 10.0 Hz and long range coupling to the pseudoaxial

l-H is 2.2llz.In contrastto the cis 1,3- dimethyl isomer 254,the pseudoequatorial 4-H

appeared as a doublet of a doublet at6 2.60 with2J lg.OHzand coupling to the adjacent

pseudoaxial 3-H was observed to be 3.2 Hz. This is a consequence of the smaller

dihedral angle between the two protons in question. The 6-OCHr signal appeared as a

singlet at 6 3.81 while the 3-H appeared as a multiplet at 6 3.95 t5rpical for the trans

disubstituted pyran rirg". The l-H appeared as a dq at 6 4.85 with 3"/ of 7.0 Hz and a

similar long range coupling of 2.2IIz to the pseudoarial 4-H. The quinoid 7-H appeared
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as a singlet at 6 5.84. Upon the addition of approximately l0 mol percent of the

Europium shift reagent the signal was significantly separated into two peaks of the

enantiomers appearing at 6 6.59 and 6 6.53 and from their relative integrals the

enantiomeric excess was calculated to be 69yo. It is further interesting to note the C-

signals in the l3C-nmr spectra of the two diastereoisomers which is presented in a

tabular format.

r3c-nmr signals for the cis and trans chiral isochromanquinones 254 and 255 in ppm.

C-atom 254 255

l-CH3 21.3 21.5

3-CII3 2t.l 19.9

c4 29.9 29.3

OCH3 56.3 56.3

c-3 68.8 62.7

c-l 69.9 67.2

c-7 107.8 107.4

4al8a 138.3 137.4

&al4a tM.8 144.7

c-6 158.3 158.5

c-s/c-8 181.3 181.4

c-8/c-s 186.5 186.0

Lt7
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Next, the racemic trans- phenolic pyran 242 was oxidized with Fremy's salt in a similar

manner to afford the bright yellow solid racemic tratts- isochromanquinone 257 in 5l%o

yield (Scheme 54).

(t) t

M€O McO

12421 l2s7l

(i) Fremy's salt in aqueous buffer solution; room temp; I hour.

Scheme 54

The rH-nmr spectrum of the racemic quinone 257 was very similar to the chiral isomer

255 with one exceptionviz the multiplicity of the pseudoequatorial 4-H which appeared

as a ddd at62.6l with couplings of l9.0llzto the pseudo 4-tls a coupling of 3.6 Hzto

the pseudoa:<ial 3-H and a very minor coupling of 0.6 Ltzto the pseudoequatorial l-H.

The comparable signal for the chiral isomer 255 appeared as a dd at 6 2.60 wrthzJ of

l9.0IIz and 3../ of 3.2IIz with the pseudoaxial 3-H. This small difference could in part

be due to the purity of the products more than the racemic versus chiral nature.

ll8
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4.5.1. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

Preparation of Fremy's Sdt (243)

Sodium nitrite (5 M 100 ml) was placed in a l-liter beaker and

cooled in an ice bath. Chopped ice (200 g) was added and the2K+

solution stirred steadily as a freshly prepared sodium bisulphite

[2431

solution (100 ml, 35Yo wlv) was added, followed by glacial

acetic acid Q0 ml). A momentary darkening of the reaction mixture was observed,

indicating that the reaction was complete. After the addition of concentrated ammonia

(25 ml, sp gr 0.88), the mixture was again cooled in an ice batb and fresh ice added.

Important it is necessary to keep ice present in the reaction mixture throughout the next

stage. Ice-cold 0.2 M potassium permanganate (400 ml) is now added dropwise with

continued stirring, during approximately I hour. The precipitated manganese dioxode is

removed by gfavity filtration (Whatman No. 5, 24 cm), using two or more funnels in

parallel to reduce the time required. The filtrate is allowed to come to room temperature

as filtration proceeds but any unfiltered suspension is kept in an ice bath.

A portion ofthe filtrate (lG'15 ml) is treated with an equal volume of saturated

potassium chloride solution to precipitate some Fremy's salt for seeding the main batch.

The bulk ofthe filtrate is stirred steadily, while saturated potassium chloride (250 ml) is

added dropwise over a period of about 45 minutes. Small portions ofthe prwiously

prepared suspension are added from time to time during this period until the solid

persists in the bulk solution. Precipitation is complete by stirring the bulk cooled in ice

for a further 45 minutes.

119
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The orange solid is collected on a Buchner funnel but is not sucked dry. It is washed

with ammoniacal saturated potassium chloride solution (containing ca.5Yo v/v 0.88

ammonium hydroxide), and finally with acetone. Only after the whole washing process

is all the liquid sucked away, but even air is not drawn through. The solid is spread on a

watch glass and the acetone allowed to evaporate for 10-15 minutes. Finally, the orange

crystals are stored in a dessicator over calcium oxide, in the presence of ammonium

carbonate in a separate dish to provide an ammoniacal atmosphere. Under these

conditions even this relatively crude material is stable for several months (crude yield,

based on bisulphit e, 8l-82Yo)

120

http://etd.uwc.ac.za/



( 1&3^9)-6Methoxy- 1,3-dimethyl-5,&dioxybenzo [cl pyran (254) and ( lR 3R)-C

methoxy- 1,3-dimethyl-5,&dioxybenzo [c] pyran (255)

o

+

12s41 t2ssl c&andrrazs [25fl

To 12 ml of buffered aqueous solution (78.8 ml of 0.2 M NazHPO+and 171.2 ml of 0.2

M NaH2POr) containing Fremy's salt (0.773 g 1.44 mmol), a methanolic solution (0.82

ml) of the phenolic mixture of 239,240 and241 (150 mg,0.72 mmol) was added in one

portion. The original violet colourof Fremy's salt rapidly changed to brown. Stirring

was continued for I hour. Water (20 ml) was added to the reaction mixture which was

then extracted with (3 x 30 ml) of dichloromethane. The residue obtained upon work-up

was separated into its components by radial chromatography using ethyl acetate -
hexane (l:9) as eluant to afford firstly the furan 256 (9mg,6Yo) as a bright yellow oil.

+

256 v,,x 1665 cm t (C:O) 6H 0.93 (3rL t, J 7.zlfz, 2',-CH3), 1.47 (3H d, J 6.2[17,, l-

gH),l.7l (211\ny l'-CHz), 3.83 (3H, s, ArOCfft),5.26 (2E rn, overlapping l-H and 3-

fD, 5.84 (lH, s, 6-tD;6c 9.2Q'-Cru),21.0 (t-CI{r, 27.4 (llCH2), 56.8 (ATOCIIT),

79.8 (C-3), 83.8 (C-1), 107.6 (C-6), 142.9 (C-3a)", 148.3 (C-7a)",159.7 (C-5), 178.7

(C:O)b and 183.9 (C=O)b. Assignments with the same superscripts may be

interchanged. MS @f): m/z (%):222 6vI*, t51, 193 (100), 165 (26).

Found: C, 64.7 4o/o; L\ 6.47%.

Calculated for CrzlIr+O +: C, 64.84o/o;H, 6.36%; M 222.26.

t2t
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The next product to be isolated from the chromatotron was quinone 254 (42m9,26Yo) as

bright yellow crystals, m.p. 100 - 103 oC (from hexane - ethyl acetate). v.,,. 1680 and

1666 cm'r (C:O); 6n 1.33 (3tL d, J 6.2112,3-CH3), 1.48 (3I1 d, J 6.6 Hz, l-CH3), 2.13

(lI1 dd{ J 18.4,10.0 and 4.0 Hl pseudoarial 4'H),2.61 (1II, dt, J 18.4 and 2.8 Hz

pseudoequatorial 4-t!, 3.53 (ttl nL 3-fD, 3.80 (3H, s, ArOCf{),4.69 (lt! m, l-tf,

5.83 (lE s, 7-tD; 6c 21.1 (3-CHr), 21.3 (l-Cfu),29.9 (C4), 56.3 (ATOCII3), 68.8 (C-

3), 69.9 (C-l), 107.8 (C-4, 138.3 (C-8a)", 144.8 (C-4a)", 158.3 (C-6), l8l'3 (C-5)b,

186.5 (C-8)b. Assignments with the same superscripts may be interchanged. MS (ED:

nt/z(%):222G\f,28),207 (100), 193 (28), t79(37) 165 (28) 151 (26), 119(13),91

(la); [a]p : *97o (c : 0.545, CHzClz); enantiomeric excess (europium shift reagent

48%).

Found: C, 64.62Yo; H, 6.48%.

Calculated for CrztIr+O +: C, 64.84Yo;H, 6.36%; M 222.26.

The final product to elute from the chromatotron was the trans quinone 255 (44mg,

28o/o) as abright yellow solid, m.p. 104 - 106 "C (from hexane - ethyl acetate). vo-,

1680 and 1665 crrr (C:O); 6n l.3l (3H, d, J 6.2112,3-CH), I.46 (3H, d, J 7 .0 H1 l'

CH),2.12 (111,, ddd, "I 19.0, lO.O and 2.2 [Iz, pseudoadal 4-tD, 2.60 (lH, dd, J 19.0

and3.2Hz, pseudoequatorial4-ID, 3.81 (3IL s, ATOCH3), 3.95 (ltf m, 3-II), 4.85 (lH,

dq,J7.0 and2.2[Iz, l-fD, 5.S5 (ltl, s,7-tD;6c 19.9 (3-CIII), 21.5 (l-CIII),29.3 (C-4),

56.3 (ATOCIIT ), 62.7 (C-3), 67 .2 (C-l), 107.4 (C-7), 137 .4(C-8a)", Ua.1 (Caa)n, 158.5

(C-6), 181.4 (C-51b, 186.0 (C-8f. Assignments with the same superscripts may be

interchanged. MS @t\ m/z (%):222 gw, zs1, 207 (100), 193 (28), 179 (37) 165 (28)

l5l (26), ll9 (13), 9l (14). [a]o = -14" (c :0.720, CHzClz); enantiomeric excess

(europium shift reagent 69%).
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MeO

Found: C, 64.89Yo; H,, 6.410/o.

Calculated for CrzflraOq: C, 64.84yo;H" 6.36%; M 222.26.

Racem ic tranv6- Methoxyisochro manqu inone (257)

To 4.7m1of buffered aqueous solution (78.8 ml of 0.2 M

NazI{PO+ and 171.2 ml of 0.2 M NaHzPO+ ) containing

Fremy's salt (0.200 g 0.56 mmol), a methanolic solution

(0.4 ml) of the phenol 242 (58 mg, 0.28 mmol) was added
12571

in one portion. The original violet colour of Fremy's salt rapidly changed to brown.

Stirring was continued for I hour. Water (10 ml) was added to the reaction mixture

which was then extracted with dichloromethane (3 x 30 ml). The residue obtained upon

work-up was purified by column chromatogaphy using ethyl acetate - hexane (l:4) as

eluant. The product was obtained as a bright yellow solid (32mg,slyo), m.p. 134 - 136

"C (from hexane - ethyl acetate). v,,-, 1680 and 1655 crnr 1C=O)i 6n 1.30 (3lL d\ J 6.2

Ilz, 3-CHg), 1.45 (3tI, d, J 7.0 l1z, l-CH3), 2.11 (lH, ddd, -/ 19.0, 10.2 and 2.2 Ha

pseudoaxial 4-H),2.61(lFI, ddd, J 19.0,3.6 and 0.6llz, pseudoequatorial 4-tI),3.80

(3E s, tuOCH3), 3.92 (lH5 rL 3-[D, 4.83 (lf[ dq, J 7 .O and 2.2 Hz, l-H), 5.84 (1H, s,

7-tI); 6c 19.9 (3-CH3),21.5 (l-CH3), 29.3 (C-4),56.3 (ATOCIIT), 62.7 (C-3), 67.2 (C'

t),107.4 (c-7), 137.a (C-8a)^, t44.7 (C-4a)", 158.5 (C-6), 181.4 (C:O), 186.0 (C:O).

Assignments with the same superscripts may be interchanged. MS @I): m/z (%):222

gr,f, 281, 207 (100), 193 (28), 179 (37) t6s (28) rst (26),1le (13), 9l (14).

Found: C, 64.81%o; II5 6.42%.

Calculated for CrztIuO e: C, 64.84yo;H, 6.36%; M 222.26.
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4.6. The Synthesis of 4-Hydroxy-benzo[clpyrans

de Koning et al. 2s'ror reported that a hydroxyl goup can be introduced at the C-4

position of the benzo[c]pyran ring to give the 4-hydroryisochroman-4-ol in which the

key step involved was an oxidative mercury mediated ring closure reaction of an ortho

alkenyl hydrorymethyl aryl precursor. Their synthesis was based on Hill and

Whitesides' method2a, which demonstrated that the trapping of radical intermediates

with orygen was an efficient method for forming carbon-orygen bonds.

In an attempt to synthesize chiral 4-hydroxyisochroman-4-ols we used de Koning's

protocolror. The (R)-alcohol 215 was dissolved in dry tetratrydrofuran and mercuric

acetate (1.33 mmol) was added. The reaction mixture was stirred at room temperature

for 30 minutes after which time sodium bromide (1.33 mmol) in hot methanol (10 ml)

was added and the reaction mixture stirred for an additional 30 minutes. Removal of the

solvents by rotary evaporation at 40 oC gave a residue which was dissolved in

dimethylformamide and this was dripped into a slurry of sodium borohydride Q.22

mmol) in dimethylformamide (15 ml) into which dry orygen had previously been

bubbled for 15 minutes and the passage of oxygen was continued in this manner for an

additional 3 hours (Scheme 55). Upon work-up and purification the major product

obtained was the cis 4-hydroxyisochroman4-ol 258 (20 mg, 7%) and starting material

215.

t24
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cHr

-nH

(i)(ii) > plst +
cHr

[21q

(i) TIIF, Hg(OAc)2, NaBr; (ii) DMF, Oz, NaBII+.

Scheme 55

In an attempt to increase the yield of the desired product 258 the reaction was

performed over a longer period and the products obtained were a dimer 25g (ll%),

starting material 215 and the cis 4-hydroxyisochroman-4-ol 258 (7%) (Scheme 56).

Owing to the low yield of the 4-hydroryisochroman-4-ol 258 an alternate method was

sought.

cHr

OH

[2sr]
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(i)(ii) > lzrq +

[21s!

2

t2se]

(i) TIIF', Hg(OAc)2, NaBr; (ii) DMF, Oz, NaBII+

Scheme 56

Evidence for the dimeric material 259 is based upon the mass spectrum which showed a

molecular ion at 594: calculated for Crel{lzOe: 594. Elemental analysis supported the

molecular formula.

In the 'H-nmr spectrum four pairs of 3-proton doublets appeared as the first sign of a

dimer. Doublets at 6 1.28 and 6 1.35 both with 3J 6.2Ylz ue assigned the two 3-CH3-

groups of the pyran ring while doublets at 6 1.50 and 6 l.5l each with 3J 6.6l1zare

assigned the two 1-C[I3-goups. The assignments are corroborated in the COSY

spectnrm which showed very clear cross-peaks between the 3-CHr signals and the 3-H

signals at 6 3.98 and 6 4.28 while the l-CIIr signals had a strong connectivity with the

OH

[2srl

+

cHr
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l-H quartets at 6 4.90. Thetwo 3-H signals viz at 6 3.98 and 6 4.28 are significantly

different due to their juxtaposition to dif[erent anisotropic effects of the aryl ring

systems in their close proximity compared to the 1-H. Both these signals have a

conrmon connectivity to a 2-proton multiplet at6 2.87 which has been assigned to the 4-

H protons of the new C-C bond. Interestingly the 6-methory signals overlap exactly to

give a 6-proton singlet at 6 3.90 whereas the methylene protons of the two benzyl

groups appear as two separate double doublet signals, the one pair being at 6 4.76 and 6

4.89 with 2J tt.O tlz each and the other pair at 6 5.34 and 6 5.44 with 2J tt.O Hz as

well. The four aromatic protons due to 7- and 8-H appeared as a multiplet at 6 6.80

while the two aryl ring protons appeared as a sharp l0-proton multiplet at6 7 .40.

It was quite evident from the r3C-nmr spectrum that the molecule was a dimer with the

two halves of the dimer very similar but yet slightly different viz most of the peaks

appeared as very closely spaced singlets for the same C-atom. For example the C-l and

C-3 methyl goup appeared at 6 2l .7 , 22.0, 22.3 and 23.8 while the tu,o methory group

carbons appeared at 6 55.95 and 56.03.

The next synthesis based on Manryama's3o method of ring closure, and thus the (R)-

alcohols 214 and 215 were dissolved in tetratrydrofuran-water (ratio 1:l) to which

mercuric acetate was added and the reaction mixnrre stirred for t hour. Sodium

hydroxide (3 M) was added followed by the addition of sodium bromide after another

hour. Dry oxygen was rapidly bubbled through the reaction mixnrre for an hour after

which sodium hydroxide (3 M) and sodium borohydride were added. Stirring and

bubbling oxygen through the reaction mixture was continued for a further 4 hours. Upon

work-up and brief chromatographic purification the products that were obtained turned

out to be mixtures of cis 1,3- and trans 1,3-dimethyl-4-hydroxyisochroman-4-ols. Thus

the (R)-alcohols 214 and 215 afforded isomeric mixtures of the 4-hydroryisocluoman-
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4-ols (261 and262;40%) nd (258 and 260;63%) respecttully under the new synthetic

protocol.

Suffrcient amounts of one of the tw'o isomers were obtained absolutely pure by careful

preparative layer chromatography to allow a comprehensive spectral analysis. In both

instances it transpired that the (4 S, R).isomers 258 and26l were isolated in chirally

pure form.

For enantiomer 261the hydrory group was evident in the infrared spectrum by a strong

vr",, at 3506 cm'I. In the lH-nmr spectrum a doublet atd l.24 with3J A.ZHz is assigned

to the 3-CII3 while the doublet at 6 1.43 with 3"I5.8 Hz is assigned to the l-CI{3. The cis

I,3-dimethyl stereochemistry of the pyran ring is apparent from the position of the well

defined doublet of a quartet at 6 3.805r. Coupling of 6.2 Hz in the quartet clearly

establishes the 3-H relative to the 3-CH3 group while the doublet of 8.0 [Iz allows for

the assignment of the 4-H as being pseudoaxial and consequently the 4-OH is then

pseudoequatorial. The remainder of the signals are described in the experimental

section. Addition of the Europium shift reagent as before to the sample in the nuclear

magnetic resonance tube in increasing amounts and up to approximately 25 mol Yo

caused tremendous deshielding of all the proton signals but even at this concentration it

was not possible to detect the separation of any signals. In the absence of an alternate

enantiomer it is not possible to establish unequivocally what the ee value is. It had an

[ct]o: +30.50 (c = l.l I in dichloromethane).

The ne;rt isolated fraction could not be purified suffrciently to measure the specific

rotation due to the presence (tft-nmr) of 261 but was assigned the structure 262 based

largely on the 'H-nmr spectnrm which had inter aliathefollowing signals. A quintet at

6 3.96 with 3J 6.6*zis assigned to the 3-H and due to the position of the signal, the

relative arrangement of the l,3-dimethyl groups in the pyran ring is tranlr. The 4-OH
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appeaxed as a doublet at 6 4.10 with 3"/ 3.Ollzand is DzO exchangeable while the 4-H

appeared as a doublet of a doublet at 6 4.58 with a large coupling to the trans 3-H of 6.6

lfzand a smaller coupling of 3.0lfzto the 4-OH. This effectively implies that the 4-OH

group is pseudoequatorial and hence the structural assignment as262.

In a similar manner the benzyl analogue 25t was obtained in a chirally pure form from

careful preparative layer chromatography of a small portion of the mixture of 258 and

260 and had the following spectral characteristics. A strong vmrx at 3539 cm'l in the

infrared spectrum is indicative of the hydrory Soup. In the 'H-nmr spectrunr, the

following signals were pertinent in the assignment of the stucture 258. Doublets at 6

1.42 with '-l 5.8 Hz and 6 1.49 with 3"f 6.6Ltz are assigned to the 3-CHt and l-CI4

groups respectively. A doublet of quartets at 6 3.59 is assigned to the 3-H and again the

crs l,3-dimethyl nature of the pyran ring is apparent. Coupling between 3-H and the 3-

CH3 gfoup is shown by "I5.8 Hzin the quartets while trans coupling to the 4-H of ./ 8.8

Hz indicates that the 4-OH is pseudoequatorial as found for the isopropoxy analogue

261. The sharp doublet at 6 4.14 with'J l.6Hz and being D2O exchangeable is assigned

to the pseudoequatorial 4-OH while a doublet of a doublet al6 4.46 with 3"I8.8 and 1.6

tlz is assigned to the pseudoodal 4-H. Addition of Europium shift reagent even up to a

morimum of 25 mol %, although inducing very strong deshielding in all the signals did

not show any of the signals to split and thus again it is assumed that the molecule is

chirally pure. The measured [a]p was +27.0" (c = 0.69 in dichloromethane). The

alternative diastereoisomer 260 was isolated and from the tH-nmr spectrum the

structure could be assigned. The following signals were used to make the assignment. A

DzO exchangeable doublet at 6 2.OZ with 3"f 8.2lfz is assigned to the pseudoequatorial

4-OH. In this isomer the trans l,3-dimethylpyran configuration is confirmed by 3-H

appearing as a multiplet at 6 3.90. A broad doublet at 6 4.50 with 3"/nv 8.0 Hz showed a
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cross-peak to both the multiplet at 6 3.90 and the doublet at 6 2.02 in the COSY

spectrum and is assigned to the pseudoarial 4-H. The large coupling of 8 tlz supported

the assignment of the 4-OH as being pseudoequatorial as found in the isopropoxy

analogue 262.Thrs is shown in Scheme 57.

cHr

(iI(ii)>

MeO' cHr

OR

+

OH

[21fl: R- Be.nzyl

[214]: R- Impmpy'
[258]: R= Bcnzyt

[251]: R = Isopropyl
[260]: R= Benryl

[252]: R= IsopropYl

(i) TI{F, Hg(OAc)2, NaBr; (ii) DMF, Oz, NaBII+

Scheme 57

It was considered possible to effect a more efiicient separation of the diastereoisomers

258 and 260 atthe quinone oxidation level and consequently the mixture comprising the

latter two 4-hydroxypyrans was transformed further. Thus the isomeric mixture of 4-

hydroryisochroman-4-ols 258 and 260 was debenzylated to give the isochroman-diols

263 and 264 which were oxidized with Fremy's salt described earlier to afford the

isomeric mixnrre of cis- and trans- 4-hydroryisochromanquinones 265 and 266

respectively (Scheme 58).
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cHr

+

cHg

PhH2CO

[2601

cHe cHr

(ii) >

cHr

OH

[2631 12641

cHr

cHr

Ethyl acetate,syoPd on Carbon, HCI (conc), Hz; (ii) Fremy's Salt

Scheme 58

Efforts were directed to purifr only one isomer of the diastereoisomers for the purposes

of full characterisation and biological evaluation. To this end isomer 265 was purified

suffrciently for this purpose and efforts to puri$ isomer 266 were abandoned since the

activity was anticipated to be similar to 265.

Assignment of the stereochemistry as cis l,3-dimethyl and the pseudoequatorial

position of the 4-OH is based not only on the structures of the precursors but also on the

rH-nmr spectrum which had inter aliathe following signals. A D2O exchangeable sharp

doublet at63.42with3Jz.Allzforthe pseudoequatorial4-OH; a multiplet at 6 3.82 for

(t) t

OH

l2s8l

+

o

OH

cHr

+

12661[26q

cHr

OH

(i)
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the 3-H which coincided with the signal of the 6-OCII3 at 6 3.82; a ddd *,6 4.34 with 3"/

coupling of 7.8 Hz to the trarr 3-II, further 3./ mupling of 2.6 Hz to the 4-OH and

finally long range 5J coupling of 1.0 Hz with the pseudoequatorial l-H assigned to the

pseudoorial 4-H; adoublet of quartets atE 4.77 with 3"/of 7.0 tlz to the l-CHr and long

range coupling of 1.0 llz to the pseudoaxial 4-H assigned to l-H and finally 7-H

appeared as a singlet at 6 5.88. The Europium shift reagent was added in increasing

quantities to the solution of quinone 265 and even at levels of 30 mol Yo there was no

separation of any of the very sharp signals due to the l- and 3-CIIr nor the 7-H which

would indicate that the enantiomeric exc€ss value of the quinone with a measured [cr]p

: -690 (c: 1.28 in dichloromethane) is in the region of 97%.
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4.6.1. Experimental

The experimental conditions are described in the Experimental - General Procedures,

(Section 3).

Method A

( 1R,3,S,4R> 5-benzyloxy-3,4-Dihydro-4-hydroxy-6-methory- 1,3-

dimethylbenzo [cl pyran (258)

MeO

The (Rlalcohol 215 (280 il8, 0.939 mmol) in

tetratrydrofuran (25 ml) was treated with mercuric

acetate (399 mg, 1.25 mmol) at25 oC and stined for 30

minutes, after which time sodium bromide (128.6 mg,OH

12stl

1.25 mmol) in hot methanol (10 ml) was added and stirring was continued for an

additional 30 minutes. Removal of solvents by rotary evaporation at 4O oC gave a

residue which was dissolved in dimethylformamide (25 ml) and this was dripped into a

slurry of sodium borohydride (71 mg, 1.88 mmol) in dimethylformamide (12 ml) into

which dry oxygen had previously been bubbled for 5 minutes and the passage of orygen

in this manner was continued for an additional 3 hours after addition. Removal of the

solvent at 50 "C under reduced pressure afforded a gey semisolid which was mixed

with water (40 ml) and the resulting suspension was extracted with dichloromethane and

the residue obtained was purified by column chromatogaphy using ethyl acetate -

hexane (3:7) as eluant to yield the cis- 4-hydroxyisochroman-4-o1258 (20 mg,lYo).
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Method B

The (R)-alcohol 215 (280 mg 0.939 mmol) in tetratrydrofuran (25 ml) was treated with

mercuric acetate (399 mg, 1.25 mmol) at 25 "C and stirred for 2 hours, after which time

sodium bromide (128.6 mg,l.25 mmol) in hot methanol (10 ml) was added and stirring

was continued for an additional 2 hours. Removal of the solvents by rotary evaporation

at 40 "C gave a residue which was dissolved in dimethylformamide (25 ml) and this was

dripped into a slurry of sodium borohydride (71 mg, 1.88 mmol) in dimethylformamide

(12 ml) into which dry orygen had previously been bubbled for 30 minutes and the

passage of orygen in this manner was continued for an additional 12 hours after

addition. Removal of the solvent at 50 oC under reduced pressure afforded a grey

semisolid which was mixed with water (40 ml) and the resulting suspension was

extracted with dichloromethane and the residue obtained was purified by column

chromatography using ethyl acetate - hexane (3:7) as eluant to yield the dimer 259 (60

mg, I l%) the cis- 4-hydroryisochroman-4-ol (20 mg,l%) nd starting material 215.

259 melting point l7l-l 74 "C with decomposition; 6s 1.23 (3fL d, J 6.2 [lz, 3'CH3),

MeO

1.35 (3E d, J 6.2H2,3-CH), 1.50 (3H, 4 -I6.6

Ha l-CH), l.5l (3H, d,J 6.6I12,L'Cfu),2.87

(2E rq 4- and 4'-ID, 3.90 (6II, s, ArOCI/s),

3.98 (lH, q, J 6.0I1z.,3-H), 4.28 (lL\ q, J 6.0

H4 3-H), 4.76 and 4.89 (2H, dd, J ll.0 llz

each, OCHzPh), 4.90 (2H rr,1- and 1'-II), 5.34

and 5.44 (2II, dd, "I 11.0 Hz each OCH2Ph),

QcHzPh

t2sel 
6.80 (2rI, n, 7- and 8-tr), 7.40 (l0rl rL aryl

/fs); 6c 21.7,22.0,22.3,23.8,27.4,55.95, 56.03, 67.1,69.6,73.2,73.5,110.0, 110.4,

120.5,121.2,128.78 (xZ),128.9 (*2), 129.0 (*2), t29.1 ("2), 129.8 (x2),131.0, 131.8
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(x2), 133.1 (xZ),1369(*2),tl7.l (r2), 143.6(x2),150.7and 151.0;MS @I): trlz(Y.)

594 (I\,f, t),297 (90),269 Q3),205 (92),l9l (80), 163 (47), fi 7 (58), 9l (100).

Found: C, 7 6.68Yo; Ht 7 .27o/o.

Calculated for CreIlzO s: C, 7 6.7 3Yo; H" 7 .lo/o; M 594.80.

Method C

(1^R 3,S,4R}3,4-Dihydro-4-hydroxy-$isopropyloxy-6-methoxy-1'3-

d imethylbenzo [cl pyran (26 1 ) and ( lR 3R, 4,S]3,4-dihyd ro-4-hyd roxy-S-

isopropyloxy-6-methoxy-1,$dimethylbenzo[clpyran (262)

cHr

M€O McO

(cH3hHco (cH3hHco

wzl

The (R)-isopropylory alcohol 214 (250 mg, 1.00 mmol) was dissolved in

tetrahydrofuran (30 ml) and water (30 ml). Mercuric acetate (319 mg, 1.00 mmol) was

added and the reaction mixnrre stirred for I hour. Sodium hydroxide solution (7.2 ml x

3 M) was added and the reaction mixnre stirred for another lhour. Sodium bromide

(1029 mg 1.00 mmol) was added to the reaction mixture and stirring was continued for

another I hour. The reaction mixture was then orygenated by bubbling oxygen rapidly

through the solution for an hour after which, sodium hydroxide (7.2 nl x 3 M) and

sodium borohydride (719 mg 19.01 mmol) were added. The reaction mixture was

stirred under the bubbling oxygen atmosphere for 4 hours until the solution was no

longer grey in colour. The aqueous phase was extracted with ethyl acetate and the

residue obtained from work-up was purified by column chromatography using initially

cHr

OH

[2611
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(1.5:8.5), then later (3:7) ethyl acetate - hexane as eluant. The product was obtained as a

pale yellow oily mixture of cis- and trans-isomers (107 mg, 40%). An aliquot of the

product mix was separated by preparative thin layer chromatography for full

characterization purposes using (1:9) ethyl acetate'hexane as eluant.

261 v*,3506 cm I (O-rD; 6s 1.24 (3E d, J 6.2 H1 3-CH3), 1.43 (3II, d, J 5.8 llz, l'

gH),1.48 [6H, d,J 6.6ltz,CH(CHt)2], 3.80 (lIL dq, "/ 8.0 and 6.2H13-II), 3.84 (3H,

s, ArOCflr),4.70 (aE rn, l-,4- and CH'P[),6.80 (lfl d,J7.8H2,7-H) and 6'83 (ltl,

d, J 7.8 Ha 8-fD; 6c 19.1,21.7, 22.5, 23.2,55.9 (ATOCIIT), 70.7, 72.9, 75.2, 75.7,

112.0 (C-7), 119.5 (C-8), 131.8, 133.5, 144J and 150.9; MS (ED: n/z(Yo):266Q\f ,9),

249 (lr),222 (64), l9l (100), 180 (60), 163 (22),133 (21); [a]o = +30.50 (c: l.ll0,

CHzCb); enantiomeric excess (europium shift reagent) : >99%o.

Found: C, 67 .58Yo; H5 8.27%.

Calculated for CrsHzzO +: C,67.63Yo;Hr 8.34%; M 266.37 .

262v*,,3510 cm'r (O-rD; 6s1.22(3rl 4 J6.Orlz,3-CH3),1.3413tL d, J6.6Hz,

CH(CH3)rl , 1.42 (3tL d, J 6.2112, l-CHg),1.53 [ 3H, 4 J 7.0H1CH(Cfl3)r], 3.83 (3H,

s, ArOCf/r), 3.96 (lII, quintet,J 6.6 Hz, 3-II),4.10 (lH, d,J3.0t{z,4'OH,DzO

exchangeable),4.58 (lH, dd, J6.6and3.0H14-H),4.69 [ ltl m, C/(CH3)r],4.89

(ltl q, J 6.6H4 l-H),6.72 (lII, 4 J 8.2H2,7-tI) and 6.84 (1H, d, J 8.2IIa 8-II); 6c

17.8,21.9,22.4,23.2,55.0(ArOCHr),68.7,69.2,69.4,75.4,112.4(C-7),120.2(C-

8), I 30. 3, 132.6, 145.2 ail 1 50. 8; MS (ED: n/z (Yo): 266 M, 9), 249 (l l), 222 (U),

191 (l0O), 180 (60), 163 (22),133 (27). Sample could not be isolated in a sufficiently

pure form for optical measurements.
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( lR 3s,4R>5-Benzyloxy-3,&Dihydro-4-hydroxy-6-methoxy- 1,3-

dimethylbenzo [cl pyran (258) and (1R,3R,4^9[ 5-Benzyloxy-3,4-dihydro-4-hyd roxy-

6-methoxy- l,Sdimethylbenzo[c] pyran (260)

cHa

The (R)-benzyl alcohol 215 (793 m9,2.66 mmol) was dissolved in tetrahydrofuran (40

ml) and water (40 ml). Mercuric acetate (931 mg, 2.93 mmol) was added and the

reaction mixhrre stirred for I hour. Sodium hydroxide solution (19 ml " 3 Iv| was added

and the reaction mixture stirred for a further I hour. Sodium bromide (301.5 mg"2.93

mmol) was added to the reaction mixture and stirring was continued for another I hour.

The reaction mixture was oxygenated by bubbling oxygen rapidly through the solution

for I hour after which, sodium hydroxide (19 ml , 3 IvD and sodium borohydride (2.22

g 55.7 mmol) were added. The reaction mixture was stirred under the bubbling oxygen

atmosphere for 4 hours until the solution was no longer grey in colour. The aqueous

phase was extracted with ethyl acetate (3 x 40 ml), the residue obtained upon work-up

was purified by column chromatography using initially (1.5:8.5) then later (3:7) ethyl

acetate in hexane as eluant. The product was obtained as a pale yellow oily mixture of

cis- and trans-isomers (525 mg, 63Yo). An aliquot of the product mixture was separated

by preparative thin layer chromatography for characterization purposes using ethyl

acetate - hexane (l:9) as eluant.

MeO MeO

[2601[2srl

.,,tt 
CH3

OH
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258 v,,,,3539 cm-r (O-rD; 6u1.42 (3H, 4 J 5.8112,3-CH),1.49 (3H, d,J 6.6H41-

gH),3.59 (1H, dq, "I8.8 and 5.8 IIz, 3-[0, 3.90 (3H, s, ATOCII), 4.14 (lH, d, "/ 1.6

llz, 4-OH, DzO exchangeable), 4.46 (lH d4 -/ 8.8 and 1.6 H14-H), 4.75 (lt\ q J 6.6

Ilz, l-H),4.98 (lfl d, "I 10.6 Il4 CH,*h), 5.24 (1H, d, J l0.6lfz, CHIPh), 6.84 (lH, 4

J8.lHz 7-II),6.90 (ltl d, J8.lH18-rf and 7.40 (5-fL nL PhPs); 6cr9.2,21.5,

56.0(ATOCIIT),70.0,72.8,75.2,75.4,112.1(C-7),120.0(C-8),128.1,128.6(x2),

128.7 (x2),131.5, 133.1,137.0,145.9 and 150.9; MS @t): m/z(o/):314 M, 2),206

(44), l9l (100), 179 (28) 164 (31) 149 (13), 9l Q7); [cr]o = +27" (c: 0.690, CHzClz);

enantiomeric excess (europium shift reagent): >99%.

Found: C, 72.41o/o; II\ 7 .l 5%.

Calculated for CrgHzzO a: C,72.58o/o;Hr 7 .07%; M 314.41.

260 v,,,. 3539 crnr (O-fD; 6n 1.34 (3H, 4 J 6.6112, 3-CHg), 1.46 (3115 4 J 6.6 H1 l-

gH), 2.02 (ll\ d, J 8.2 tl:- 4-OH, DzO exchangeable), 3.90 (3II, s, ArOCIlr), 3. 90

(lfl rn, 3-tI), 4.50 (tH, bd, J 8.OHz, +fD, 5.04 (ltl q, J 6.6112, l-tD, 5.07 (lH, d, "/

lO.6Hz, CH2Ph), 5.20 (lfl d, J 10.6 ltz, CH2Ph),6.78 (lIL 4 J 8.0 Hz, 7-II), 6.89 (lll

d, J 8.0 I{4 8-tD, 7.39 (3H, rn, 3'-,4'-and 5'-H of aryl ring) and 7.44 (2-II5 rL l'- and 5'-

Hof arylring);6c 17.0, 21.4,56.2 (OCHr), 63.5,66.7,70.9,75.5,113.5 (C-7),l2l.l

(C-8), 128.2,128.5 (xuf), 13.6, 131.9,137.8,146.0 and l5l.l; MS (ED: n/z(%):314

(,f ,2'.),206(44),191 (100), 179 (28) 164 (31) 149 (13), 9l Q7). Sample could not be

isolated in a suffrciently pure form for opical measurements.
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(lR 3s,4R>3,4-Dihydro-4-methoxy-1,3-dimethyt-5,&dioxybenzo[clpyran (265) and

(1^R,3R,4^9)-3,4-dihydro-4-methoxy- l,&dimethyl-5,8-dioxybenzo [cl pyran (266)

cHr

cHr

OH

A mixture of cls- and trans- hydrorypyrans 258 and 260 (206 mg, 0.656 mmol) was

dissolved in ethyl acetate (25 ml) to which palladium on charcoal (2lmg) and two drops

of concentrated hydrochloric acid (10 M) was added. The reaction mixture was stirred

under hydrogen and monitored by thin layer chromatography until the starting material

was consumed (after 15 hours). The reaction mixture was filtered and the ethyl acetate

evaporated to give a dark red residue.

The residue was dissolved in methanol (3 ml) and added to l0ml of a buffered aqueous

solution (78.8 ml of 0.2 M NazHPO+ and 171.2 ml of 0.2 M NatIzPOa) of Fremy's salt

(0.988 g 1.84 mmol). The reaction mixture was stirring for I hour (rapid colour change

from violet to brown). Water (40 ml) was added to the reaction mixture which was then

extracted with dichloromethane (3 x 30 ml). The residue obtained upon work-up was

purified by column chromatography using ethyl acetate - hexane (1:4) as eluant to

afford the bright yellow cis-isomer (41 mg, 26%) as an oil from the initial pyranquinone

mixture.

265 v,",, 3494 cm'r (O-fD and 1672 cm't 1C:O1; 6n 1.36 (3IL d, J 6.2H13-Cfu),1.52

(3II, 4 J7.0llz,l-Cfl3), 3.42(lll5d,J2.6lIzDzO exchangeable,4-OlI),3.82 (3FI, s,

ATOCH3), 3.82 (lH, n\ 3-fD, 4.34 (1H, ddd, J 7.8,2.6 and l.0l{z, pseudoa:rial 4-fD,

M€OM€O

12661t26q

OH
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4.77 (lH dq,J7.0 and 1.0I{4 l-fD, 5.88 (1H, s, 6-FI);6c 18.5 (3-CII3), 19.2(l-Cru),

56.5 (ArOCHs),67.1(C-3), 67.6 (C-l), 107.s (C-7), 116.2 (C4), 137.1 (C-8a)',146.t

(C-4a)", 158.8 (C-6), 183.0 (C-8)0, 185.8 (C-5)b. Assignments with the same

superscripts may be interchanged. MS @I\ m/z (Yo):239 ffi+I, l), 194 (81), 166

(100), 15l (84), 123 (13), 109 (15), 69 (12); [a]o: - 69'(c = 1.280, CHzClz);

enantiomeric excess @uropium shift reagent)> 98yo.

Found: C, 60.56Yo;l\ 5.82%.

Calculated for C rzIIuO s: C, 60.49/o; H, 5 93%; M 238.26.
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4.7. Conclusions

It has been demonstrated that starting from a 3,4-dialkoxylated-1-(1'-hydroxyethyl)-2-

prop-1'-enylbenzene precursor in which a preconceived chiral centre viz C-l of the to be

formed pyran ring system is incorporated and followed by a mercury(tr) mediated ring

closure protocol, chirality could be induced at C-3 of the pyran ring. No doubL the fact

that the 3-methyl group of the pyran ring prefers the equatorially less sterically

demanding position played a major role in this process.

In one instance, the chiral 6- methoryisochromanquinone was prepared and evaluated

spectroscopically .

Persuant to our future goals, a hydroryl group wrx successfully introduced at position 4

of the pyran ring by altering the conditions of the mercury(tr) mediated cyclisation of

the chiral alcohol precursors and in one instance the chiral 4-hydrory-6-

methoxyisochromanquinone was prepared and evaluated spectroscopically.

This method would have greater merit as a useful synthetic protocol if the initial chiral

reduction of the acetyl orthoalkenyl precursor could furnish a cleaner reduction product

of higher enantiomeric excess value.
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4.8.ln Wtro Antimicrobial Screening Activity of Synthetic Compounds

Compounds 254, 255,257,265,266 and267 were screened for antimicrobial activity and

specificity against Gram positive and Gram negative organisms employing the Bauer-Kirby

methodl02.

4.8.1. General Methodologr

Filter paper discsr@ with a diameter of l0 mm were impregnated with the compounds

dissolved in triple distilled dichloromethane. The discs were dried under reduced pressure

and placed onto the surface of nutrient agar plates inoculated with the test organisms. The

plates were incubated at 37 "C for 24 hours and the diameter of the zones of inhibition

(including that of the impregnated discs) was measured. Inhibition of microbial growth was

indicated by a clear zone around the disc. All determinations were done in duplicate.

Except in cases where only a limited amount of test-compound was available, the discs

were impregnated to contain 2.81,1.40 and 0.70 pmol of compound.

It is important for the reader who is less familiar with the subject to note that antibiotics

diffi.rse through agar gels at different rates so that zone sizes alone produced are not always

directly comparable and can thus not be related to relative activities of the compounds

under investigation in an unambiguous way.

The following organisms were obtained from the Sornh African Bureau of standards

(SABS) in Pretoria for experimental work.
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Inhibition Activity of Compounds [25fl aad1267l against SABS Organisms

M€O MeO

o

racendc -[2571 recemlc -[2671

Gram Positive Organism

and SABS culture number

Dose in

pmol

Zone of inhibition in mm

12s71 12671

Staphylococcus crureus

SATCC Sta Sg

2.8t
1.40
0.70

26
25
23

35
32
28

Bacillus Subtilus

SATCC Bac 96

2.81
1.40
0.70

20
20
l9

32
32
28

C andi da al b i c cms fun gu s 2.81
1.40
0.70

17
t6
13

30
30
28

Gram Negative Organism and

SABS culture number

Pruedomonas auroginosa

SATCC Pse 2

2.8t
1.40
0.70

0
0
0

5

0

0

Proteus mirabilis

SATCC Pre I

2.81
1.40
0.70

0
0
0

28
28
25

Eschericia coli

SATCC Esc 25

2.81
1.40
0.70

0
0
0

5

0

0
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Inhibition Activity of Compounds [255] and [266] against SABS Organisms

MeO MeO

chlrel-12551 chlrot -12661

OH

Gram Positive Organism

and SABS culture number

Dose in

pmol

Zone of inhibition in mm

[2ssl 12661

Snplrylococcas aureus

SATCC Sta 5l

2.81

1.40
0.70

2t
2l
2t

35
35

30

Bacillus Subtilus

SATCC Bac96

2.8t
1.40
0.70

22
23
20

35

35
30

Candida albicansfimgus 2.81
1.40
0.70

I
I
I

8

4
3

35
35
33

Gram Negative Organism and

SABS culture number

Psedomonas auroginosa

SATCC Pse 2

2.8r
1.40
0.70

0
0
0

5

0
0

Proteus mirabilis

SATCC Pre I

2.8t
1.40
0.70

0
0
0

30
28
25

Eschericia coli

SATCC Esc 25

2.8t
1.40
0.70

0
0
0

5

0
0
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Inhibition Activity of Compounds [254] and [265] against SABS Organisms

MeO

chlmt -[2541

M€O

OHo

chiral -126q

Gram Positive Organism

and SABS culture number

Dose in

pmol

Zone of inhibition in mm

12s4l 126s1

Staplrylococcus aureus

SATCC Sta 53

2.81
1.40

0.70

26
25

20

35
35

30

Bacillus Subtilus

SATCC Bac 96

2.81
1.40
0.70

26
28
2t

35
35

30

C andi d0 al bi c an s /tm gu s 2.81
t.40
0.70

20
l5
t5

35
35
33

Gram Negative Organism and

SABS culture number

Pwedomonss auroginosa

SATCC Pse 2

2.81
1.40
0.70

0
0

0

5

0
0

Proteus mirabilis

SATCC Pre 1

2.81
1.40
0.70

0
0
0

30
28
25

Eschericia coli

SATCC Esc 25

2.8t
1.40
0.70

0
0
0

5

0
0
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4.8.2. Conclusions

These results are somewhat disappointing since it would appear that there is only a very

modest improvement in the inhibitory activity by the chiral isochromans 254 and 255

relative to the racemic mixture 257 at lower dose levels.

On the other hand a similar response was not observed for the two chiral 4-

hydroryisochromanols 265 and 266 relative to the racemic mixture 267. Ttns could in part

be due to the nature of the inhibition measurement which is not entirely indicative of by

what factor molecules a^re more active than others. Further in vivo testing would be

necessary to determine this.

However, the one noticeable improvement in inhibitory activity is clearly evident in the

systems containing the 4-OH goup over those not having them as found earlierro3.
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