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ABSTRACT »
The major portion of this the51s deals with the use of

carbohydrates as "chiral‘\emplates" for the synthesis of

51 the macrolldé *

compound 31 hav1ng the representatlve 2—oxa—6 thlablcyclo-

13 1. l]heptane system present in the’ thlathromboxane A,

(a thromboxane A2 analogue) 1s descrlbed ’ The detalled

NMR analy51s of 31 is carrled oub to determlne the favored

vconformatlon of this r1g1d system. The latter part of thls

*chapter‘deals with the formal'total synthesis of»

9o,lla thlathromboxane A2 methyl -ester 7 startlng from

leVOglucosan (1, 6-anhydro 8 D-glucopyranose)

Levoglucosan is converted 1nto the 9-e 1—thromboxane<B2‘

derlvatlve 48 whlch has been converted 1nto 7. by
Hamanakalandlcoworkers. The conflgdrat#ons of 48 and
;ts'diastereoﬁer‘gg at thé c(15) arexdlscussed.

In the Second chapter, an operatlonally 51mp1e process
to 1ntroducé stereoselectlvely a methvl group

at the C(6) p051tlon of the pyranosyl enone 56 1nvolv1nq

~ o~

conformatlonal dlastereoface—dlfferentlatron-

N

in the conjuqate addltlons of CH Cu. BF and,

3
methylllthlumeﬂMPA is described. The preferred

,conformatlons of the congugpte adducts 57 and 53

\‘*'\' . IR VPV
«

are 1nvestlgated.by nuclear Overhauser enhancement



"the preparatlon of a chiral synthon suitable

&

experiments. " In the 1ast\part of - thigechapter,

- for the synthesis of the C(ll)-CClS) and C(ll va(15 )

segments of the macrolide antlblotic elalophylin

.

(azalomyc1n-B) is dlSCUSSed An eff1c1ent method’ for

’ the regio- and stereocontrolled apoxide rlng Qpenlng of

‘ of‘carbon—garbon,double bonds from B-oxygenated

s

the conformatlonally rlgld epoxy—tosylate 33 with

‘ jtrlalkylalanes is descrlbed

In the f1na1 chapter, a method for generatlo o

phenylseleno, phenyltﬁio, and iodo species is é§§cribed3‘

It is shown that chlofotpimethylsilane and sodium iodide

P in acetonitrile is a useful reagent for such

‘a transformation. The reactlon is eff1c1ent and has

e

'a predictable stereochemlcal-outcome.
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im0 90, Lla—THIATHROMBOXANE Ag- - "'

e £

" the ma]or developments in tjf study of arachldonlc ac1d
e

'_metabolltesl has been the ai covery of thromboxane

'molecules, whlch orlglnate f

to PGI

':adherlng to: blood vessel walls.. Further, PGY

:~lnt0 TXA

,to-contract.s

1

A, Introduction -

'»afi-Thrombokane szandmits analogues:. One'of'

3 B ' ' ‘ '

- (TXA 1) and prostacycl‘n '(PG12, E)J(Flg. l) These .

2!

Pm the. same precursor,

'fprostaglandln endoperoxxde (JGH Y, are produced by
the body to'malntaln‘a delicate balance between opposing‘"

'F‘blologlcal functlons._ The:blOOd'vessels convert PGHé

2" whlch prevents platelets from aggregatlng and

causes:
5 e

smooth muscles, partlcularly blood vessels, to relax.ér

On the other hand, the blood platelets convert the PGH2

2, whlch causes the platelets to aggregate, and

;to adhere to -blood vessels and also causes the vessels-

i

PG‘2

they are both very unstable, havlng half lives of less than

and TXA2 are’ sxmllar Ln seyeral respects-

Ia couple of mlnutes in’ the aqueous medla of thelr

- 4 - g ‘
ﬁﬁgenerat;on f :(e,g., TXAz, hal; lifes gL 32s at 37 C in"

1




1
~

;/ N
HO H

TN

Fig. 1: The structures of throghoxane A, (TXA,, 1) and
: . . P . L o

prostacyclin (PGIé ¢ 2,



b et

ey

4
~

‘Fig. 2: The structures °_"" thromboxane 32"(TX32, 2) and

ad

’

6-keto PGF_la (4): detected fram platelet.microsanés;



|
‘ 4
..PH 7 agueous sdlution); ;hey are both highly reactive and
extrémely’smq;l amounts are required to produce bivlogical ¢
effeéts.4'5 | |

' The structures of TXA and'PGI; were derived frpm~
the'isolated metabolites ni!eix! thromboxane B, (TfB;, 3)
~and B-keto PGFla (4) (Fig. 2) ahd,their'dérivétiﬁeé.' |
The.Structure of PGiz'was conclusively establighed by
chemical syntPESis and comparison of'the biologiééi | ‘
acﬁivi%y of the natural. and syﬁthetic mate‘rial.6 _
Samuelsson and.qoworké;s formulated structure 1 f;r TXAZ
,based on- the foilowina data: 1) Al thelthree‘lgo(atoms from

18 as shown

2

0 labeled PGH2 were incorporated into the TXB

¥

I\l

Scheme 1:.



(Scheme 1), 2) When TXA2 was treated with deytero-methanol
the‘TXB2 methyl acetal was found to contain no deuterium,

To the best of our knowledge there is no spectrai data .on

TXA, itself. 'Baidwin sugéested alternatiﬁe Etructure 5
for TXAZ, wnach has been conc1u51ve1y elxmlnated byvita
total synthesxs and comparison of baologlcal propertles.7
“Thus, structure 1 (Flg. 1] remains the w1dely accepted

structureﬁfor TXA, .

onO

,/\‘ \=./\/\co? |
CHO ‘CH"CH—C:—/CH/\N
o’ | |
5 ’ e ~ | °
~ : | _

Thromboxane A, has been found' in many tissuea .t\,
including plateiets,'leucocytes, sblacn, inflahmatory '
granuloma, brain and kidney.BJ It is of cdhsiderable
pathophyéiciogical interest in'thrcmbobic diseases, and
.in anaph?iactic reactions, and it is believed to piay
a physiological tcle in‘hemostasis. .The chemical
instability of TXA, has prevented'extensive é&aluation of
~its potent pharmacoloéical,effectsﬂ(e.g;, nlatelet‘
aggrégationnand vasoconstriction). |

Because of the chemical instability of TXAZ, it is
desirable to synthesize stable analogues “having TXA2

synthetase—inhibiting or TXA2 antagonist activity.



| Similarly,.synthesis‘of analogues having TXA agonist
activmty without appreciable thxomboxane—inbibiting
activity will greatly simplify the phanm&colodical o
evaluation of the parent.compound.lo In ordqx,to have f
a better understanding 6: the actionvof TXA, severallcarbon .
congenersll'and related compounds in wh?ch one of .
the carbons in the bicyclic skeleton is replaced by —
Oxygen12 or s’u’lfur13 have beeh synthes£zed and found.
to have elther partial TXA2 antagonist or agon;st or TXA2
synthetase-lnhlbltlng activity. | '
Based upon the above reports it is expected that
-analogues mentioned in Scheme 2 wrli have interesting
bioiogical'activity. In each case one or both oxygen
atoms of the ,parent blcycllc system are replaced by other
heteroatoms. Examlnatlon of structures §~*914 shows
their close structural resemblance with the natural
Hmolecule. It is reasonable to expect that'the replacement
. of a r1ng oxygen atom of 1 by sulfur w111 change
the chemical stablllty of the blcyclo[3 1 1] heptane
portlon of compounds 6——9 from that of 1 Also, it will
‘not drastlcally alter the hydrophobrc1ty of the head
-port;on, possibly important at the receptox s;te.ls
: In this'regard{ It was decided to sjnthesize 6 or 716
in optically. active form with the hope that it'might mimic

the actrvity of TXA2 \



1 Y=o, x
6 Y =S, X
7 Y = é, X
8 Y = 0, X
9 Y = 0, X/
10 ‘Y = 5, X
11+ ¥ =, X
12 Y = NH, X
v}§ Y = NH, | X
 }5 Y = 0, X
15 Y = 0, X
16 Y = NH, X
}2’ a§~Y = NH, Y
-

Scheme 2: Some of the:
i

= 0 [ and
=0 \ and
= Q 1 and
= [ and
545 ‘and
= 8 - and
= 8 and
/
= 0 ) and
=30 kand
= NH ‘and
= NH and
= NH "~ and

= NH o . and

/‘
i

w W oW W o ®W W W W % W W W X

-Na

pqssiﬁlé ahalogues of TXA, (1)



+ T

b, sxnthgtic g&;égggz; Examination of the ltrubturis

1 and 6—17 shows that TXA, or its nhalaqﬁcl can be viwwtd
al’an i,3—anhydro-2.4.thrtdioxyvavnsgghgngxcpy;nnouc
having approbriatc ;ﬁbstitucnta at 0(4) and C(5) poﬁitionl
(Scheme 3). A crucial uﬁ.p tn‘thﬁ synthesis of these

R and R!' are side chains of ™

)
* .
Schemg 3: '

compounds is the construction of the bicyclic framework
(i.e., 1,3-anhydrosugar portion). A general method for
the synthesis of bicyclic acetals is the same as that for

’

the synthesis of anhydrosugars, namely, rearside attack of

an alkoxide ion on a carbon bearing a leaving group.l7

The main restraints of this general approach/appear to be
that 1) the reacting alcohol and the leaving group should
bear a trans relationshipleL in approaching the transition
state, no steric restraints should develop”that might
diréct reaction elsewhefe and 3)Fthe reacti&ity of

"the leaving group and reaczant alcohol, or alkoxide,

~ should permit reaction under conditions that



b,r nucleophlllc substltutron of the S

do not break the result;ng anhydro rlng
B ThlS genergl approach.lnvolves the use of Lnternal,

1

N2 type.v Reactionsv X
leadlng to the formatlon of bicyclrc acetals can be
lelded 1nto two types dependlng upon the p051tron of
the 1eavxng group on.the~sugar rlng (Flg.VB). “In

o method l, the attacklng nucleophlle is on the anomerlc'
‘carbonlg whlle 1n method 2 (hereafter called 1nterna1
glyc051datlon) the leav1ng group 15 “on the anomerlc
carbonlgias 1llustrated ln Flg.13gn Method 1 is sultable
for the synthe51s of a—D 1 3~anhydro sugars where

| the attacklng nucleophrle at: the: anomerlc centre

ls predomlnantly ln the more stable a—pOSLtlon as a resultA

of ‘an anomerlc effect 20‘ On the other hand, precursors

leadlng to B D-1, 3 anhydrosugars v1a method 2 are more o

~,read11y acceSSLble. Thus, it lS concelvable that

the 2- oxa 6~ thlablcycloIB 1. 1]heptane framework of c

'°[’the 9adllaethiathromboxane A2 §_or.z could<be synthesized‘

frOm-a'precurSOr of‘the type 18 ithlving mode 1 of ring
rclosure (Scheme 4) When S - on the anomerlc carbon of 18-
serves as the nucleophlle, the tranSLtlon state leadlng

to the rlng closure wxll 1nvolve a conformatron close
C 5. 21
VOB

will be in qua51—ax1al orlentatlon and sterlc reslstance'

- In this conformatxon, the'C(S)—substrtuent

<

to é;;g closure mrght be greater. Névertheless, ‘this type
Of ]hternal alkylatlon was consxdered p0551b1e. .

e o,
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' hefore proceedlng to the synthes1s of 6 or 7 1t was.f’

'-dec1ded to synthe51ze a model. compound 31 (p 17) whlch

‘3‘represents a typlcal 2—oxa-6 thlablcycloIB 1. l]heptaggk\
‘ri”hmsystem, so that the Stablllty of the hemrthiaacetal

- m01ety could be assessed

f¢. Confornatlonal study.‘ The model compound 31

| mas also of 1nterest for the study of ltS conformatlonal

"propertles,'31nce 1ts conformatlonal analy31s mlght

iprov1de 1nformatlon about the shape of the head of - TXA2

and ltS analogues.f The direct conformatlonal 1nvest1gatlon

of ., the blcycllc head of’ TXA2 is not posslble dueqtoc}ts,'

‘short half llfe. ' ."T‘ : a Vv,'l ’ }:”111"rv¢f‘
It was plannéd to 1nvestlgate the‘solutlon:"

'-conformatlons of 9 epl—thromboxane B2 derlvatlve 46,v1ts

dlastereomer 47 and thelr benzoates 48 and 49 (Scheme ll,‘e.~

"p 31) in order to determlne the conflguratlons of
§6 and 47 at C(lS) | |
The SOlld state conformatlons of‘thromboxane B (3)
"~ which has SLde.chalns SLmllar to those oﬁ 46 and»47
have been studled 22* Although, the chemlstry and blndlng
preferences of the pyranosrde head groups of TXA

e

compounds are sufflc1ent1y dlfferent to lnsure

2 and TXB=

the dlfferentlatlon of these hormones at. the molecular

- 1evel the ring junctlon geometrles of the 51de chalns to”

' -
the head groups are constralned so as to suggest that



1B
'-the 51de chaln conformatlons of related TXA and TXB T ; y‘j
';compounds are - simllar.?z‘ Therefore, the conformat;,nai‘f/.:
Y-‘studles of TXBvrelated compounds are of 1nterest. |
The structure-actxvxty relatronshlp of | a
.k‘prostaglandlnszé and thrombOxane A2 analoguesll 12 13
bshows that in most cases: compounds having an unnatural
conflguratlon (1 e. R) at C(lS) are blologloally less ﬂj S
"faQtlve" It may be pOSSlble that thlS dlfference in :
kbiodog‘_al act1v1ty of C(lS)—dlastereomers is because
)’;of thelr pre xi'ed conformatlons.x Thus, it was expected

,that apart from 1nd1 ',lng the conflguratlons at C(lS),F‘

i

cat. least a qualltatlve plctu f of conformatlons of these

'molecules could be obtalned from the‘%'studles.f
» . s _ ; : R




;pentopyran051de 21_4 as’ outllned ln Scheme 5. Epox1datlon

B; Synthes;s of 2—oxaL6*th1abxcycloI3 1 theptane

derlvatlve 31

.

As mentloned earller lt was dec1ded to synthe512e

T 1 3—anhydro—2 O—n—butyl -3, 4—d1deoxy-3vmercaptov8 DLFk

e

"threo—pentopyranose (7—exo~n—butoxy—2-oxa—6—thlablcyclo—' B ,
_'[3 l l]heptane 31) The synthe51s of 31 was accompllshed

' from readlly avallablarbenzyl 2 3—anhydro B—DL-erythro— .

A

. of 2 (benzyloxy) 5 6 dlhydro 2H—pyran 20 w1th
,"m—chloroperben201c ac1d gave a mlxture of two epoxldes

in- a ratJ.o about 1 3 in contrast to results of Moc:halm and

coworkers who probably dld not 1solate the minor 1soner.24f_g -

z‘The conflguratlons of epox1des 21 and 22 whlch could be

‘_llnferred on the assumptlon that the major product was '

v the trans 1somer, in analogy W1th the 51m11ar reactlon of

:dv2 (ethoxy) =5, 6 dlhydro—2H~pyran,25 was conflrmed;by»thelr

1H NMR spectra."
It is known that 1n the 1thMR spectra of comoounds of .

.type'2l the 51gnal due to the anomerlc hydrogen is. found

’A_as a’broad 31nglet (Jl 2 =1 Hz) at about 5 o ppm, whlle

1n the compounds of the type 22 the anomerlc hydrogen appearsv_

‘d‘as a doublet (J = 3 Hzl‘ LIn fact, Ln the lAvNMR spectrum

‘as a broad s1nglet at 503 ppm and consequently thi

vnof the ma;or epox;de, the anomerlc hydrogen appeared

A

. conflrmed the trans confrguratlon of the major eédx1" 2ll"

,l
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‘Scheme 5 (continued)
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' By similar comparison, the structure of the minor product

could be established as 22 (scheme .6).

22 ‘ . 21

~ ™~

= 3 Hz | J. . = <1 Hz

J1,2

Scheme 6: - N : | ' - .

The next step invoived the re§i0~ and.stéreéseLeétive
"béening of the epoxide ring of 21 to introduce sulfur ‘
- moiety at C(3j position. Tpgichoice of E—bﬁtyl mercaptén,
. a,rather unusualwnpcleophile to introduce sulfﬁr
'quctiAnalityiwas éuidea‘by fhe fact that the . use of thé more
commqh nuéleophile, benzyi meréaptan, WOﬁld have requifed‘
reducﬁive deprotecﬁion of-the meréapto group. Treatment of
'glwwithagfbﬁt§l mercaét;n and sodigﬁlmethoxide gavé almost
eiclusivély one product in 92% yiéid. The'lH—NMRlspectrum
of the product 23 indicated the configuration at C(2) and
| c(3) to be.Ezggg.,‘Based.on‘the decoupling experiments

a multiplet at 2.66 ppm (J, ; ~ 10,25 Hz, ‘= 5 Hz,
: ] . : .

| 73 4eq
J, 4., =12 Hz) in the leNMR spectrum of 23 could be
3,4&}( . : ‘_‘"",
assigned to 3--1-1ax (Scheme 7). - The yalues of coupling

1,2
the substituents on C(1), C(2)_jnd C(3) of the pyranose

constants J (7 Hz) and J, 5 (10.25 Hz), established that
. [

4
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n

7 Hz"

10225 Hz

bli

_!_-.aus . 1 on 3

Thiss &)

23

~ ~

Scheme 7:

ring in 23 are trans to each.other.. The regiochemistry
‘obserVed in the above . reaction is in accordance with
that reported in the literature where 2, 3-anhydro—R-D- "

erzthrd—pyranosidgs and analoguous pyran derivatives

are known to be opened by nucleophiies at C(3).2,5’26

Alkylation of'gg with 1—iodobutaﬁe proceedéd smoothly
to giVe 24 in 90% yield (Scheme 5,‘p. 13) . |

The deprotéction,ofvanome}ic hydroxyi and mercapto
functionalities was achieved in three stéps. Beniyl
lecoéide gf'was hydrolyaed with 90% aQueous triflurocacetic
acid in ‘dichloromethane to provide 35. The aldose 35'

was then subjected to adetolysis'to remove the»g—butYIgrme

Thus, treatment of 25 with acetic anhydride, acetic acid and

a catalytic amount of concentrated sulfuric acid gave one

il

major and one minorxr produét. The major product
.\' : . .

was found to be the desired thioacetate 27 as a mikture‘of

a- and B-anomers (ratio: 2:1, lh-NMR) from it's l4- and

13C--NMR spectra. This reaction probably proceedé‘via

1

the formation of 1-O-acetate 26 since the "H-NMR spectrum of
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5.

the crude product obtained when the'emonnt.o: cencentrated
sulfuric acid'nsed was 1ess}.5hewed the-preannce'of a Signal
duye to the t- butyl group and absence of a th;pacetate methyl
signal in the 2 3—2. 4 ppm reglon.f Acetolv51s as described
ytabove is a novel methodz7 "to remove the t-butyl group - and
affords a thiocacetate functlonallty which can be easily
modified 1n~subsequent stepSa‘

‘ MethylAglycoeideevare-knbwn to give l-acetates in
high yield nnder acetolysis'conditions.28 However, benzyl
‘“.glyc051de 24 gave a complex mixture underﬂ51m11ar

condltlons’.29

The alternatlve two step sequence 1nvolv1ng
'hydrolySLS of the benzvl glycoside followed by aCetoly51s
seems to be better 1n thls partlcular case.

The.mlnor product obtained during\ecetoiysis of g§
was found to be the ring opened product ZBfae was evident

13C NMR spectra. In the 1H NMR _spectrum

. from its lu- and
of 28 the coupllngs Jl o and J2 3 Were found to be 7. and

2.5 Hz respectively, indicating that thls compognd*ex1st3\

‘*h\ 30 s \
predomlnantly 1n an extended conformatlon (Fig. 4)
in CDC13. |
<
'/_‘/ J1,2 = 7 Hz
- J 2.5 H
AcO _ 20,3 * Z
J3 ne = 5 Hz
, | ,J3 AB =‘10 Hz
Figure 4: Extended conformation of 28 in CDC13.

& o A -
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Treatment of thioacetate 27 with a catalytic amount
of sodiwm methoxide in;methanol effected solvolysis of%
. the acetyl groups, and upon neutralization with.
IRA - 120 (8H) resin, mercapto-aldose 32 (a:B ratlo, 2}1,

v1H-NMR) was iso;ateo”in 84% yield after chromatography over

silica gel. 1Hd and 131C‘-NMR‘spectra are consistent with-
lthe assigned.struoture 22. This compound is stable when

stored under a nitrogen atmosphere. '

| In the final stage,-compound 29 was treated with

a saturated solutlon of hydrogen chlorlde in anhydrous

ether at O C for a period of ‘two days.’ These conditions
 were reported by Micheel and Kreutzerlgd\for displacement
.of the anomeric hydroxyi'groop withjchloride. Although

the product from this;reactioh could not be characterized

owing to its 1nstab111ty, it was expected to be the de51red

194,20 30 and hence was emploved

o= pyranosyl chlorlde
dlrectlyrln the‘next step.

' The precursor of type 30 should lead to 31 v1a\
internal glyc051datlon for the formatlon of blcycllc

acetals (method 2, Fig. 3), 1In the f\‘!ﬂformatlon

of 30, the mercapto group Is _gpatorlal and the C(1)-

//T//Vlng group is Eﬁiﬁl Howeyer, in- the skew conformation
g s 2, the steric relatlonshlp of the C(3)—mercapto and
anomerlc chloride groups is nearly 1dea1 for ring closure
(Scheme 8). The energy requlrement for the molecule to.

~adopt thls conformatlon must not be excessive and indeed,



2

SH
g8u0
' 0
(o]
L3
4 o]
Cq Sy
30
LY . .
Scheme 8:

ring;closure does occur on treatment with a base.
The>ring—élosure of 30 was achieved byxrefluxing '
a solution of crude §9 with an eﬁcéss of sodium hydride in
, THF-benzene. The desired 2-oxa46-thiabicy¢1013.l.l]hepténé
ﬁerivative 2} was isolated by chromatographx;eﬁ silicé gel
and could be stored at 0'Cc for several days. Compound 31
could be distilied under yacuum wiﬁh slight decomposition
(leNMR). The purity of 31 was established by TLC
(silica gel, 1:9 ethyl écetate——hex;ne), by absénce of
a cafbohyl absorption peak in the IR spectrum apd‘by
correct.chemiéal an@lysis. In the }BC~NMR spectrum, there
were‘no Signals which could be assigned to olefinic cafbons 
- indicating thﬁéabsence of eiiminatioh product. .In the 1H9NmR
spectrum of 31 fhe anomeric proton ?esonates‘at 5,54 ppm 4
as a doublet of doubleté and a long-range cogpling of
,'5.55 Hz with H-5 is observed (AJ,J_'5 ;‘5.25 Hz), The <

l3C-chemical shift of the.anomeric carbon is.89.5 ppm whereas



ﬂki-
the Shlft of C(5) is 48 54 ppm whrch‘rs about 8 ppm
downfleld erm the Cwa of the mercanto*aldose 29 »

l lndlcatlng sulfur in 31 has undergone alkylatﬁon.< Thns;f

‘/'l_f, and l3C—spectra are consistent w;th.prdposed R
structure 31 (see also dlSCUSSiOn on conformational
ana1y51s of‘3l)
v )2%»7
- 1
.§
; I
. i (\,,,,\»



C. Tctgl'synthesiS‘of‘gptiCally‘active'9q,11a-

thiathromboxane Azlmethyluester frqustarch,

‘ Slnce the model COmpound 31 havlng the representatrve
ft2—oxa 6- thlablcycloI3 1. llheptane skeleton appeared L
Vreasonably stable, it was de01ded to proceed w1th
ﬁthe synthe51s of the target molecule, 9a 1la—-
‘ thlathromboxane A2 methyl ester 7 or the sodlum salt 6.
As dlscussed earller, compound 6 or 7 can: be con51dered
das a sulfur analogue of 1, 3- anhydro 2 4>6 trldeoxy—a -D-
r1bo hexopyranose hav1ng approprlate substltuents at‘
'C(4) and C(6) The rmmedlate task was to synthesrze'u
~a precursor of the’ type l8 (Scheme 9) Wthh, via lnternal’
'”alkylatlon (method l Flg 3) for the formatlon of |
.“a blcycllc acetal should lead to 6 or 7 : It ‘was declded
to synthe31ze an optlcally actlve precursor of the type 18 -

31

from readlly avallable levoglucosan 32 as»outllned

“1n,Scheme 11 (p. 27. O Y = o ",'V
When the . synthetlc transformatlons as outllned in
Scheme ll were at an advanced stage using the tosylate :
(4—methylphenylsulfonate) as a. leaving group, Hamanaka and
“coworkers publlshed the synthe81s of Qo , lla thlathromboxane

‘ A, methyl ester 7, 32 Therr synthesrs starts from

compound 4033 (scheme.lO);whlch.ln*turn s obtalnedhfrom

ll,lS-dltetrahydropyranyl PGFZ, 39{34 ,The,synthesis‘of 39
. S - - , e~ : v

'involues_a'multistep.sequence334;/ﬁamanaka's'synthest -

-




Z = leaving ':gr_oup
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Scheme 11 (co‘r\;tinued )
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Scheme 11 (continﬁed)
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Scheme 11 (contiknued) ‘
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" Scheme 11 (continued)
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of 7 proceeds via a key 1ntermbdxqte 48 in Wthh

the leav1ng group is a mesylate onethanesulfonate),

Although, compound 40 can be obtalned in optically active :

form,33 Hamanaka and coworkers have not commented on

kthe optical activity of the 1ntermed1ates or .the final

product. Sihcefthe latter synthetic strateqy planned

in this:projeot was similer to that of Hemenaka and

coworkers, it seemed_feasohable to oomplete the total

.synthesisdof optically active 7 by synthesizing Haﬁenaka's

1ntermed1ate 48 from levoglucosan by a shorter route;
Levoglucosan (l 6 anhydro B~ D—glucopyranose, 32)

is readlly avallable 1n.1arge quantltles by pyrolysls ofv

starch31 and is an ideal startlng material for the synthe51s

of 48 since it already contalns the tetrahydropyran

portlon of the target. Also, it can be seen from its

structure that the anomerlc and C(6) hydroxyl groups '

are protected in the form of an 1, G—anhydrollnkage and

can be released subsequently. The blcyclic framework of 32

enables excellent regio- and stereocontrol.l7€n The C(3)-

4'.hydr°XYl group in?§§ is-sﬁitably.disposed to serve

as a leaving group after conversion to a mesylate.

Replacement of the hydroxyl morety at C(2) by hydrogen,

1ntroductlon of the carboxyllc acid sﬁde chain (a-chain)

on. C (4) and an appropriate chain extension at c(6)

(w chaln) of 32 should prov1de the requlred gross structure'“

of 48



Levoglucosan obtalned by pyrolysis of starch.'31

was treated with 4—methy1phenylsulfony1 chloride and

pyrldlne in chloroform—acetone according to the lrterature
35

y procedure. ‘The crude product 1, Gvanhydro—2,4—di*0—

LA—methylphenylsu}fonyl)vB*D~glucopyranose35 was subjected
to treatment with sodium methoxrde 1n methanol—chloroform.
The product ‘of this reactlon was crystalllzed from
methanol chlord%orm -to obtaln 1,6:3, 4—d1anhydro 2- 0—'

,(4—methylphenylsu1fonyl) B-D—galactopyranose 33 35

m.p. 148—150"C (1it.3> 150——151 *C) in 50—608 yield.

An allyl group sultable to construct the carboxyllc
~acid side chaln was 1ntroduced on C(4) of 33 followxng

a sllghtly modlfled procedure that was reported by

36

Roberts and Kelly. Thus, treatment of the epoxy- ﬁ‘

'tosylate 33 w1th allylmagne51um chlorlde ln the présence

of a catalytlc amount of cuprous chlorlde 1n THF gave,

36

" the allyl derivative 34 in 75—80% y1e1d,‘ Similar

results were obtalned using allylmagne51um bromlde and

‘cuprous iodide, although ylelds were sllghtly lower

T

(70—75%) .

- The ev1dence for the stereochemlstry of the allyl

1

group was. obtalned from the H—NMR spectrum of 34. A quartet

at'3.7Q ppm .in the lH—NMR spectrum of 34 (Fig, 51 could be

assigned to‘H-Géx; (Scheme 12). by comparisaen w1th the well-

‘known 1,6- anhydrosuga.rs,lje 37 exo

usually at much higher field than the H—5 doublet

The H-6 multlplet appears
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- (about 1 ppm upfield from H~5) and at slightly higher

fleld than the H- 6 ndo doublet.lye The H=5, H=6

endo’
v, H- 6exo system has been studied carefully so that its

identification causes no’ difficulty. ~Thus, a broad

i

1 Hz
= 2.5 Hz
Scheme 12
o
doublet at 4.41 ppm was assigned to H-5 (J5 6exo = 5 Hz)

A coupling constant of 1 Hz was found between H-5 and’ H-4
(at 1.68 ppm) - In addition, the multlplet due to H-4
showed a coupling of 2.5 Hz with H-3 (H-3 overlaps with
H—Gex; quertet).' The coﬁpling constants Jl o J2 37 J3 4
and’ J4 5 reflect the conformation of the ring protons and,
consequently, the conflguratlon of an 1, 6—anhydropyranose.

For the compounds, hav;ng only syn-clinal arrangement of

H-1 to H-5 (H-1 and H-5 occﬁpy equaterial“positions),

the analysis is facilitated by the‘ilattening of

- the pyranoid chair, which is accompanied by an increase



(=4

An the tor51on angle of _g vg_orlented atoms and by :

fdecrease in the ax-eq arrangement 17e, 37 Thﬁs fact flnds
by * \

.jpractlcal aPPllCatan ln the case of J4,5fl%ﬁax,5 lies' | 1‘i~

e iR the range of 3, 0—5, 0 Hz, whereas J4 eq 5 has the-range
’ ’

'% . 1. 5 -2, 5 Hz.' In the case of J. and J Z the dlfferences

2,3

are even more. pronounced the aXv_g_arrangement hav1ng

@." .the range 4 to 6 Hz, whereaég ln the _g—_g arrang?mEnt,g
vthe J value does not usually exceed 2,5 Hz.lje’37 *Hence,

'lthe observed coupllnq constants J4 5 (1 Hz) and J (2.5 Hz)

3,4
in the lH -NMR spectrum of 34 clearly establlshed that
the allyl group 1s in ax1a1 orlentatlon at C(4) The [d]%’3

'value-[ 58,4 (c 0.9 chlorbform)J of 34 is comparable

i -]
with the reported one36,[-58} (c 0 9, chloroform)]

Reductlon of 34_u51ng llthlum trlethylborohydrlde

36

provxded alcohol\35 /,Its structure was establlshed by :

. le -NMR analysrs of 1ts benzoate derlvatlve 36 '.The.crude 35.

»

was comverted dlrectly to the'benzoate 36.\‘The protectlon

of the hydroxyl group of 3p was necessafy for'further

¥,

synthetlc transformatlons~ﬂ11n the lH NMR spectrum of 36

.vprotons at 2 11 ppm (m) - and at 1. 96 ppn (broad doublet)
'were found to be coupled with H-1 (at 5 60 ppm) and H 3
o (at 5.08-ppm)’v The multlplet at 2 11 ppm could be assigned
ax

to H-2 (7, x’j = 5,25 Hz) and sxmrliwly the'doublet

~at l 96 ppm was aSSLgned ‘to H—2v‘ (J <~ about 1 Hz)

eq- zeq(
(Scheme 13) This indicated that 35 and 36 are 2—deoxy

Sugars and the C(3)-hydroxyl group is. ln ax1a1 orlen;

<




i In contrgst the

-,
' 38

»

Jzeqi F‘caw 1 Hz

2ax j 5 5. 25 Hz .

.

36

~

_— Scheme 13; T s ‘ _‘ /

In, 1n1t1al attempts, ox1datlon of the oleflnlc bond

' of 36 u51ng sodlum metaperlodate and a\catalytlc amount of
:osmlum tetrox1de in aqueous dloxane gave more than one

u‘product (TLC control).t However, ozonoly51s of

»,.

:]fworkup with dlmethyl sulflde provxded aldehyde 37 in
‘88% yleld Anginterestlng feature of the lH NMR spectrum of"

537 (Flg.~6) was the unusual deshleldlng of the H-4

proton (at 2.54 pgn) as ccmpared to the H- 4 sh:Lfts of 35
12,‘3}‘ -

'and 36 (about 0.6 ppm lower fleld ‘than the H—4 51gnals of

»)

35 and 36) It is bellevgd that this 1s probably because
e

;ibf the gﬁlsotroplc deshleldlng by the aldehyde carbonyl.v

13C--chemlcal Shlft of C(41 of 37

A

‘was. found to be 5 24, ppm upf&eld from the Shlft of the C(4)

of the allyl compound 36 (Table 1). These observatlons

suggest that the aldehyde group of 37 exlsts extensively
/ ;

" the bengoate 36 1n methanol at 78 c followed by reductlve;'"'”
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"igroup areASubstantially differe%tGIkG(H Hy ) ='0438,'

o 41

t

*in an arrangement in. whlch the. H-4 llqsﬁﬁnzthe deshleldlng

..M‘ - 6 .

‘of 37 is proposed in SCheme 14 The chem;cal shifts of

ey

Scheme 14 ‘ SR . , , R
— S i o ' R

theptwohhydrogens (HA and HB) adjegent to'the?aldehyde

‘compare with 35 (0 12 ppm) and 36 (0 07 ppm)]

The coupllng constants J4 HE an& Ty g were founﬁito b'

9 and 5 Hz respectlvely. Thls further supports the fact
that there is a preferred orlentatlon of the aldehyde

-‘~carbonyl in 37 mel T s

The constructlon of the o- chaln was completed

follow1ng the khown. methodology used in- prostaglandln

39

synthe51s. The aldehyde 37 was treated w1th the Wittig

reagent generated from (4—carboxybuty1)trlphenylphosphonlum

bromlde in the presence of" potassrum t- butox1de in THF.

The resultant crude ac1d was debenzoylated w1th
. ’ | \ L

“zone of the aldehyde carbonyl. An approx1mate conformat;on_p'



’l‘The olefln 38 was contamlnated, probably due to

42

“an excess of sodium methoxide rn methanol to grve

the expected C1s—ole£1n 38 after esterrf;cation.

',the formatlon of Ergggfolefln (f 10%), sxnce extra. signals‘
. were. found in the olefinic regron of the‘13 C~NMR spectrum

’The Wittlg reactlon was also attempted u51ng drmethyl
sulfox1de as a solvent but this d1d not. SLgnlflcantly pl‘
f’change the product dlstrlbutlon : No attempt was made
to 1nvest1gate this reactlon and the product was employed?
as’ Such 1n the next step. The rmpurltles were removed

at a later stage. | |
| At thls p01nt, the lntroductlon of the leavlng group .
at C(3) of 38 was made to av01d further protectlon—
‘ deproteptlon of the C(3) hydroxyl group. Treatment of 38
with methanesulfonyl chlorlde and trlethylamlne 1n
‘dlchloromethane40 at room temperature afforded 41
in 85% yleld In v1ew of the tragg arrangement of
_the mesyl group and the hydrogen on C(2) of the pyranose
vrlng, it was necessary to use mllder condltlons durlng ‘
,the follow1ng synthetlc transformatlons of 41L
Methanoly31s of 4l-uslng IRA—120(H ) re51n as a catalySt’
at room temperature proyided. methyl glycoside 42 |
as a mlxture oﬁ o= ‘and Q—anomers in a ratlo about : ‘Qhk
85:15 (,H—NMR) The reactlon was very slow at room.

'temperature (even after 3 days a small Zmount of startlng

-materlal was recovered) Although the reactlon =



cog3

rate: could be enhanced by usxng reflux temperature,

- ‘1the yleld of. the des;red product 42 was low,

The alcohol 42 was ox1dlzed to’ the aldehyde 43 with

fColllns reagent accordlng to lts adaptatlon to

‘carbohydrates.4ljf j'_i* n [ »f\

B

Introductlon of~the lower 51de chaln L&-chafn) and

establlshment of the 13 14 trans double bond was readlly

- accompllshed u51ng a Wadsworth—Emmons modlfmcatlon of

- the W1tt1g reactlon."Thus, reactlon'of'thefaldehyde 43
w1th dlmethyl (2—oxohept§1)phosphonate,‘adaptingi

a publlshed procedure,42 ln whlch the carbanlon

Y

was generated w1th poéassxum t- butox1de in anhydrous

"toluene, proved hlghly efficient and.led to a mixture

A

of o, B—unsaturated ketones 44 and 45 No elimlnatlon

o R R}

‘_;products could be detected in - thls reactlon ( H NMR)

‘The a- and B—anomers, 44 and 45 were separated by

' careful chromatography and were 1dent1f1ed by typical

“signalsein their 1Hf and 13C—NMR spectra. The-chemlcal

1.,

shift of the anomeric-protOn in the H~-NMR spectrum of 44

~ o~

was‘fonnd to‘be 4.87 PPm (qudX,ii~F 4 Hz), whereas in 45_ it

was 4.41 ppm (JlOax,il = 9,25 Hz) (Scheme 15) The IR

spectra of 44 and 45 (1676 and 1675 cm;{arespectivély)

s

'indicated.that'both,the componnds:possess
.ano B—unsaturated ketone system. Their lH—NMR'spectra*

showed large trans- ethylenlc coupllngs t = 16 and

14
18 .5 Hz for 44 and 45 respectfvely)

X\



44

e~

31 0ax,11 = ¢ Hes J13,14 = 16 Hz

45
Jloax'll = 9'25‘Hzl Jl3’l4 = ls-SHZ.
Scheme 15 o : T RN

[}

In the l3e=NM£ soectra of 44 .and 45 the chemical

K2 70

shlfts of anomeric carbons were 98.36 and 100 01 ppm

respectlvely (Table 2)., Although 1n principle,

the B-anomer 55 could be utilized in the following steps,

’sepafatioa at;ﬁhis stage was necessary to avoid

the formationfofxa'mixtoresof diastereomers. |
Redactioﬁ'of 44'wasveffected with‘sodiom . borohydride

‘ (1n absolute methanol at -40 C, whereby two dlastereqﬁ?fic

alcohols were formed almost 1n equal quantltles which-



45

Tablé 2: %3C4NMR dataa_pf compounds‘fz—-fz.&
carbon - 42° 43¢ 44 45 46 41
atom?
1 173.87 173.36 173.80 173.72 174.18  174.28
2 33.42 33.23 33.43 33.38  33.42 33.40
3 20,488 24219 24,700 24053 24058 24,57
4 26.79 26.57  .26.9% 26.87  26.86 26.88
s 131.09 ©132.16 131.32 131.70 - ~130.66  130.64
6 126.00 125.07 125.87 .125.21 126.04  126.26
7 24.5¢%  24.38% - 24.58° 24,208 24.86%" 24.94°
8 41.49 40.66 46.08 45,59 45,77 . 4988
9 77.35  76.54 ~ 77.12 ‘7aios ©97.74  77.80
10 37.28 36.03 37.27 38.50 37,08%  37:13°
1 98.19 97.94 98.36°  100.01 '98{50) . 98.22
12 71.57 75.19 70.53  74.39 71.67F © 71.80f
13 62.98 198.12 141,68  140.75 127.79  127.54°
14 130.93  130.84  138.01 138,25
15 , 200.12  199.99  71.87% " 72.01f
16 40.67 40.76 37.33%  37.36°
17 23.69%  23.66% 25.069  25.11¢
18 31,47 31.43  31.71 31, 75
<19 < 22,46 22.42 22.55 '22.56
20 13.89. 13,86  13.94  13.86
-COOCH; . 51.54_ 51.27  '51.41  51.41  :51.44  51.51
j°3SQH$“ .38.82 38.69 38,90 39;23 38.87  38.88
-ocH, / 54.74  55.19  54.96  56.65  -54.78 _ -54.78
a. Chemical shift values in ppm from TMS.
b. Carbon position labels are as used for thromboxanes
‘c. These values are for a-anomer.
2: gg::: :3:2:;: g:g g: ;:5:§§23n3f2hwithin the same column.
£l in thé same column.

These assignments were confirmed by sin
Rty Yy gle frequency decoupling
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¥
1t

were separated by chromatoqraphy. The 15S-configurétion
was: tentatlyely assrgned to the,more polar alcohol 46
(Rf. 0. 31, TLC, silica gel, 1:1 ethyl acetatev—hexane)
based upon 11terature precedent rn the area of
prostaglandxn synthes:rs43 (see ditscussion on conflguration
of 46 and 47 for conflrmation of thls a551gnment) The iso-
‘merlc alcohols, §~ and QZ ‘appeared. to be free of the impurity
.encountered during‘the first Wittig reaction ( 3 C—-NMR) .
Benzoylatlon of 46 provided the chiral lSS*benzoate 48
whlch has been synthe51zed by Hamanaka and coworkers
as a mixture of o- and B-anomers and has been subsequently
,\gonverted into 7. .The lH-’-NM§ spectrum of gguis comparabie
7 with the one obtained by Famanaka and coworkers;44 Thus,
‘the synthesis of 48 completed the formal total syntge51s of
optlcally actlve 9a llo- thlathromboxane A2 methyl ester 7
startlng from starch The synthetlcneﬂxﬁohxw
descrlbed in preceedlng pages have potentlal to synthesize
Other thromboxane A2 analogues and possrbly, thromboxane A,
derivatives. | |
The diastereomeric alcohol 47 was converted toilsg-
benzoate 59 whicn was-ﬁsed'for comparison in the Lo
confignrational aéeignments.
e 13 MR chemical shiftkaeszgnments listed in
‘Tables 1 and 2 are based upon the chanical»shifts, signal
multiplicity (obtained either from.off resonance or

Spin Echo-Fourier Transform45).and.litepature precédent
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46,47,48 49,50

Co [ :
in the areas of carbohydrates, prostaglandins
and thiomboxanes.sl ‘Some of the assignments were confirmed.

by the éingle frequency proton-decoupling experiments,
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D. Conformational studieg

a. Conformational analeis of 31; " The various

*

synthetlc analogues of TXA 11—13 ‘having a blcvcloIB 1.1)- =
. 2 "

M

heptane skeleton are reported to have either partlal TXA2
;;

- ‘antagonist or partial agonist or TXA2 synthetase 1nh1b1t1ng

. activity.’ The dithia-analogue 10 (Scheme 2). showed

14
2°

Epoxymethanothromboxane A2 in which'the labile oxetane

propertlesivery srmllar to natural TXA lla,9a-

ring of TXAzlis.replaced by a stable tetrahydfdfuran
moiety, has been foundrfolbé 25—30 times less potent in

coﬁkracting'rabbit aorta strips and 700—1000 tiﬁes less

~ | ‘ // R
effective in inducing reversible platelet aggregation in
Platelet rich plasma than'TXAZ.52 ”The“TXBZ (3, Fig. 2)

8

lacks the biological profile displayed By TXAQ These -

2°
‘fobservatlons suggest that the rigid bicyclol[3.1. l]heptane
.skeleton plays a key role in the hormonal activity. of

vTXAZ and its’ synthetic congeners. Fompound gg.seemed to be
a reasonable model for ohe‘conformatio;al'séudies of

the bicyClo[B.l.llheptane framework of TXA_ and its

2
analogues.

Examination of molecular models of 31 indicates that
there are \three conformatxons possible for this compound

snnllar to those of _plnanes.53 In the skeletal

structure of 31, the thietane ring [-C(1)=8(6]~C (5/<C (7)-
~portion] is rigid and only the bridging fragment, .

o -

: y
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-O(Z)fC(B)-C(4)e is conformationally flexible. . The first

of the conformations is a 36C3 (Scheme,lG) in‘which |

{tke oxa-thiane ring is in a chair-form and the pyranose

ring in a boat-form. Th;S‘form will experience severe '*y
l,4 s n—interactionsfbetween the axial gfbutoxy group and

the hydrogen on C(3). In the second conformer (Y)

Scheme 16.

-

the bridging fragment [-0(2)-C(3)-C(4)-]1 is flattened.

The third pos51b1e conformer is the 7C3B, ln whlch C(3)

bends away from the C(7)- substltuent and the less hlndered

position’ of c(3) should .favor this conformation rether

than B%c,. | | | :
1 13 .

‘The “H- and C-NMR data for the ring portion o%ﬁi@f
: ’ B et

«* . . e
are listed in Table 3. The H-1 proton was expected to“he’,

‘_at the lowest fleld because of the acetal linkage and hené’F
” the_51gnal at 5. 54 ppm in the HvNMR spectrum of 31 (Flg.wY%gt
was a351gned to it, A multiplet at. 2.61 ppm (W% 32 Hz). #ﬁﬁ
was a551gned to H—4ax and it was 0 47 ppm lower field togyi} %-‘{ i

the H*4eq multlplet (W% = 26 Hz). The deshleldlng of
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i

-H—4 lS prdbably because of the electrostatlc lnteractlonl

between thlS proton and the C(?)—O— and thxs fype of

unteractlon could be expected +n C3B form.: arly,",

the H—3 ax multlplet (at 4,381 ppm, W& = 28' ‘ _
was’ fOund to be 0 52 ppm lower fréfd than the Hv3 eg sighalp]:

(wsz 22Hz> R A S R

The anomerlc proton appeared as a doublet of doublets

@ o= 3, 25 - 5. 25 Hz) demonstratlng the presence of a v1c1nal

' The double resonance Fxperrments establlshed that in 31

‘the long-~ range coupling is w1th H-S ( J.

and a 1ong range coupllng. The " long—range coupllng

could befexpected between H-1 and H—5 or H—l and. H—3 51ncei-'

h it {s known that in saturated systems ‘the 1argest

four bond coupllng could be observed for protons whlch

. . /
are se arated in planar Zlg zag or W arrangement.54 35
P "‘}

o~

1,5 T,?'ZS,HZ)' .

. pThe correspondlng lzfg-range coupl;ng in thietane.itself
o

ut 1'2»Hz.56 ThlS proved that in 31;f’

| |

is reportedbto‘be‘a

.the’arrangement of H~ =X and ‘H- 5 approaches the planar,

/

{

‘ 21g—zag form more dlosely than 1n thletane 1tself, 51nce

d_the thletane rlng in 31 lS more puckered because of

the C(S) and C(l) substltuents. It has been'shown

e

prevlously that in mono or: 1 3—dlsuhst1tuted cyclobutane

vcompounds, the yalue of 4J increases rapldly w1th

3

the puckerlng of the ring, ? In addltlon,'very 1arge.

Values for four—bond coupllngs have been observed for
.58 '

N

blcycloll 1. 0]butane ( J = lO Hz} blcycloll-l l]pentane’



L4

3

(,J 18 Hz), blcycloIZ 1. l]hexane ( J@R‘&.8 to 8 1 Hz),
59 ‘

(J .5 and 5.5 to
4f

6 Hz) and a dloxablcyclol3 1 1]heptane derrvat&ke

unsaturated blcycloIB 1. llheptanes

( J = 4-Hz) 19e It is noteworthy that the long—range

coupllng observed for the substltuted oxa—thlaIB 1. l]—

heptane derlvatlve 31 ( J1 5 =3 5 25 Hz) és 1ntermedlate

between that of thletane ( J2 4'= 1 2 Hz) and that of

[

blcyclolz 1. l]hexane (J = 6.8 to 8.1 Hz) -
B It «could be expected that in the Y conformer the torSLQnal

'angles H- 5/H 4 ax and H—S/H— q-w111 be nearly.equal‘whereas"

! ]
7C3B form the torslonal angle H—S/H -4 (about 100 ) 9

will be 1arger than the H-S/H 4 eq one.’ This difference
should be reflected in the vaiues of the Coupllng

constants for these protons.ssf Indeed the observed

coupllng constants between H~-5 and H—4eq, H-5 and Hf%ax"

¥

are substantlally dliferent (J4a* 5 = 1. 5 Hz and

4eq 5 = 5 Hz) and therefore the -0(2) C(3) C(4)— fragment

1n 31 must be bent at C(3) as in C3B conformer.‘

~ o~

A partial theoretlcaI”lH NMR spectrum d’$§l 1nvolVLng ’

 the l/spln system of - the rlng protons was . calculated USlng

R SR
~the PANIC vers1on of the LAOCOON computer program60 N

~in order t conflrm the values of varlous coupllng
constants easured from the experﬁnental spectrum

This involves: feed;ng the computer estﬁmated values'

of the chﬁmlcal shifts and coupllng constants from

Bl

rental spectrum and’ the. program w111 predlct L

it
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: respectlvelys The aSSLgnment of-

o . f
the theoretmcal spectrum. The spectral parameters

 are reflned to get the best flt w1th,the observed

spectrum. Ehls enabled us. to conflrm the. goupllnq constants

of the varlous ‘ring. protons llsted rn Table 3. However,'

o o

oin the case-of E-3 g and h—4~q'mult1plets a.best Fit fbt‘
was obtalned only when a 1ong range coupllng between |
H 3. eq and H-5, 'H—4éq and H-7 (about < 0'75 Fz) was taken
lnto account (Fl% -8) . The double,resonancetexperrments

conflrmed the coupllng 4J3 eq, 5 (<0. 75‘Hz) ' These results,:

‘are in accordance w1th the 7C3B conformer for 31,
EE@Infortunately,,the long range coupllng between the H-—4'eq o
and H-7 could not be conflrmed i "%;n ' a

In the‘l3C -NMR spectrum of 31 the low fleld 51gna1

E

at 8g-5 ppm was: a551gned to the anomerlc carbon.»” i

13

gThe c- shlfts for the anomerlc carbon of 2 r3r4d= tr1~O— f

acetyl l 6- anhydro -6= thla—B—D glucopyranosesl and C(2) of

l*oxa 3 thlane62 are observed ét 81 8 and 71 23 ppm t

13C--shlfts of 31 (Table 3)

o
was conflrmed by 51ngle-frequency proton decoupllng

1

' ‘experlments, _The J coupllng constants*for C(S)

C-H

l .
(Mo y =

larger'Uunxthoaareporuxifor }&uwkoijuetane

63

ek, 147, 4 Hz and 1y o = 150,7 HZJ In'

CQ)H» CQL

e

. addition .to the one- bond coupllng, the anom&rlc carbon of 3l

2
showed two three-bond coupllngs of abqut 7 Hz, These_
COupllngs are assigned to\,3 C(l)bh—s and 3JC(1) H-3eq e
) P o bt R .

L LW

158 ‘Hz) and C(?) ('JC g = 157 Hz) were found to be =
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because of the nearly antl—perxplanar arrangement of H-5

" and c(l)-cm bond, and H-3,, and culvoczx bond. 47

In summary, the deta;led NMR analysis oi 31 ;ndxcates

that the compound must ‘exist extensively in conformation'

3.

C”B in CDCl  The conformational studﬁes of 31 provxdep

7S 3"
valuable information about the shape of the blcycllc

skeleton of TXA, and iIts analogUes.

b. Conflguratlons of 46 and_47 at C(15)

~N ™ -

.The ccnfigurations of'the enones 44 and-45 (Scheme;lS)
could be establlshed by spectral ana1y51s and by |
~Qhe modes of formatlon of their precursors. Fowever,
the ass;gnment of the configurations at C(15) of
the”diestereomeric alcohols, 46 and'47»was made on
.the basis of thelr relative thln—laier chromatographlcl

mobllltles.43

the slightly more polar isomer was a551gned
the lSJS configuratlon. ‘It was necessary to support thlsl
by comparlson of the spectral propertles of 46 and’ 47 or

“their’ benzoates 48 and 49»

2

‘The compar;_son of 1—1—- CE':Lg, & anu 10) and J':”C’--!\IMR
(Table 2) spectra of 46 and 47 did not reveal any
51gn1fLCant~d1fference betweeﬁ/th;s;’two dlastereomers.
Sxmllarly, theenuclear 0verhauser enhancement (n.0.e.}"
exPeerents dld not lead to any conclus;on about |

the conformatlons of these molecules about the CCld)vC(lS)

bond, Thus,usaturatron of H-15 signals of ﬁg and 32 showed"

"~ 56
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enhancement of both the H-13 and H<1l4 signals, whereas
saturation of H-14 signals resulted. in tﬂe enhancement

of the multiplets of H-12 and H-15 (Flg. 9 and 10). These
results are summarized in Scheme 17, |

The effect of temperature on the coupling constants

s

, N - ; o
J12113>and J14,15 tn the "H-NMR of ég and 32 was studied
to determine the conformational preference of these
molecules about the C(12)-C(13) and C(14)jC(15)!bonds.
If the coupling constant undergoes a change with )

temperature, this likely results from a coﬁformational

55

equilibrium. Thus, determination of lH—NMR spectra

at two widely different temperaturesvcan be useful

to establish conformatlonai predomlnance of

55,38

a compound. The similar values of J

12,13 .
"in the lH NMR spectra of 46 -and 47 (7.6 Hz for both 46 and

47 in CDCl ) 1nd1cated that these two mokecules must exist
exten51vely in a conformatlon in whlch the hydrogens

at C(12) and C(l3) are in nearuantl—perlplanar

arrangement. 38 65 At low temperature, the population of

this conformer should increase and this should result in

an increase of the J: value.?8’66‘ The measurement of

12 13
the lH NMR SDectra of the allyllc alcohol 46 in CD »Cl, at

three dlfferent temperatures (298, 233’[203 K) showed that

there was a trend towards the . 1arger le 13 values at lowﬁg
: s

= ’ _, le ;
temperature (J12'13 7,6 + 0.2 Hz at 298 K and ) % ?

67). Similarly, an- 1ncre§se

@>

P

‘37
o
t

8.6 + 0.4 Hz at 203 X in CD,Cl,
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46

" Scheme 17: Schematic representation of n.o.e. experiments

" performed on 46 and A7.
/ - bl



1

in the le 13 value in the H-NMR spectxum of 47 in CD2C12

was observyed at low temperature." These results indicated
' qualltatlvely,that the predominant conformational
geometry about the C(12)-C(13) bond for these molecules

(46 ‘and 47) is near anti*perlplanar (Scheme I?).

1

The increase in the J value In the H—NMR spectra of |

14,15
46 and 47 at low temperature was small and therefore,

~

conformational preference about the C(14)—C(15T‘bond

could not be established. /

¢»  Since the predaninant conformations about the /
C(l4) -C(15) -bond could not be determlned fqr the allyllc
alcohols 46 and 47, conformational analy51s of their

~a

benzoates E? and 32 was carrled out Three“eets of
llmltlng conformatlons can be qonsrdered‘for the llylic
wbeuzoateéi48 (Fig. 11) and 49'(Fig, {2). ,fhe conformations
48A and 49A should be favored_eiuce'C(16}"audbbenzoate
are both bulkier than hydrogen.38’§5 In_these
VCOnformations; the H—lS‘is.in neat gxg-periplanar'arfange_
ment with the C(13)-double bond and H-13, and H-14 and
H-15 are in anti-periplanar-arientation,

The comparison of 1H-—NMR‘spectra of $§ and 49
is shown.in.Fig, 13, _Thefmultip%ets of H-13 and ﬁ¥14‘
'  in@the La-nmR spectrum of 48 are Well.separated‘(5ﬁ72 ppm
and 5.85 ppm reSpectlvely;‘.‘Jl2 13 F.7.4_Hz) wheneas in ﬂg'
the mult;plets of H-5 and H-6 are separated but the H—13A‘

and H-14 signals are very eclose to each other
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L}
@
BzO
16
T \"}4
— |
48A T 48B o 48C
~ o~ o~ ~ e

Figs 11. 1imiting conformations for 48 about
the C(14)-C(15) bond. Signs on the curve

arrows show
68 o

predicted signs of the Cotton effect.

492 a9 - Y 49c

Fig. 12. Limiting tonformations for the allylic
benzoate 49 about the C{14)-C(15) bond. Signs on

the curyed arrows show predicted signs of

the Cotton effect,®® o . S
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(3,513 = 625 Hz), Another important difference bet

the *

H-NMR spectra of thase co%;ounds (48 and 49) s found |

v*ﬂﬂﬁﬁ the ailphatlc regxon, The mﬁitiplets for the C(2), C(Bli
and c(4) protons in 49 are more. shielded than _
kthe correspondlng hydrogé%s in 48 (Fﬁg 13}, This upf&eld
shift of about’ 40——50 Hz (at 400 MHz . in CDC1,

of the c(2)—c(4) hydrogens in;fg is probably due ‘to -

at 298 K)

anisotropic shielding because of the close vicinity of
! . Q § [ X . . "
" the phenyl and/or the benzoate carbonyl group. The two ’

hydrogens at 'C(2) appear as a triplet (at 2.28 ppm) in 48,
whereas the C(Z)—protons in 49 appear as two sets of

closely separated*tnﬁplets (at 2. 15 ppm) (Fig. 14) 1nd1cat1ng

that these two hydrogensaare 1n very dlfferent env1ronments
in 49 grhls type nf shl&ldlng of the Cc(2)—C(4) hydrogens

”'and the spllttlngigf the trlplet for the C(2)—protons
H g 9’ ‘ é’r
could be expected for compound 48, £ the predomlnant
¢ P . .

conformer is 48C;M’However, this possiblilty can bevﬁ

“&~~~

_ellmlnated éh sterlc ggpd%ds.%s 65 The above mentloned
. . .n'\' . -
. %‘A

"G,

observat;ons qugestVthat the predominant conformatlon

for¢49 ls the 49A and that the 1ess polar (TLC moblllty)

NNN i
é

‘alcohol - 47 ;? the515~R 1somer since 1its benzoate 49- ‘has

~ i~

' sllghtly dlfferent chemical shlits for the C(2)vmethylene

protons in the H NMR spectrumg

The eifect of temperature on the extent of shieldrng

— -

_of the C(ZS——C(A) hydrogens In the lH—NMR spectrum of 49_

was studled to obtaln further eVLdence for the predomlnance
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he conformer 49A.' It‘was erpeCted'that at Tow

“Qtemperature, the populatﬁon of 49A should lncrease\and

R PRI

this should result in further shlelding of these protons._
The measurement of’ ‘the 1H~NMR spectna Pg‘49 at’ three
temperatures L298; 263.and 233 K) showed-that there was
a gradual shleldlné of the C(2)v~c(4) protons at 1ow'_
temperature (Flg.‘15;?a shieldrng of 30——45 Hz

i was observed at 400 MHz at 233 K ln CDCl ) The 11nes&of w 5, ?t

1

the multlplet for the C(2)—hydrogens were further separataiﬁ§~°4
at 10W temperature (FIQ 147, This supported the conclu51on.}f':

:that 49 ex1sts exten51vely 1n the conformatlon 49A and that

,‘~~~

" the phenyl group In 49A{must be ln close v1c1n1ty to_f '

,the C(2)——C(4) srde dhaln.’

o

The pred mlnance of the: conformers 48A and 49A was

foev ey ~ A

:further supported by 01rcular dlchr01c CCD)

a

:vmeasurements.§8 Tﬂe,predlcted sagns of the Cotth effect hér
' . PR ﬂ‘/ R .

‘ > N ¥
: for the dlfferent conformersfrqf 48 and 49 accordlng to
Nakanlshl and coworkers68 are’ shown 1n Flg. 11 and 12. In

the reglon around 230 nm, the CD spectrum of 49 1n.me€hanol

~~‘.

~"exh:LbJ.tgd a negatlve Cotton.effect the 31gn ‘of whlch
'showed that the overall chlrality between the benzoate and |
‘double—bond chromophones in.thrs fleXLble system is \\ |
‘negatrve as ln 49A thle/the diastereomeric benzoate\48

~~~ . R
ez : W*!.‘

~"fshowed a po 1t1ve C tton effect at about 230 nm-as 1n 48A.

MO

The negatrvek_ 'posrtlve signs of the CD spectra of

?'gthe/afiyllc benzoates have been correlated to the R and S

a
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68

68,69 | oo

In summary, the extra shleldlng of the C(Z)-»c(z)

conflguratlons respectlvely.

hydrogens of 49 compared to the same hydrogens of 48 and

the observed mult1p11c1ty of the C(2)—hydrogens

1H—NMR spectrum of 49 as well as the observed 51gns\

~

of the Cotton effects for 48 andv49 1ndrcated that

in the

the allyllc alcohols 46 and‘47 have ] and R conflguratlons

~at C(lS)_respectlvely.- Thls was further supported by .

comparison of'the 1H—NMRof 48 w1th the one obtalned by

Hamanaka and coworkers. In addltlon, these studies‘gave'

f,some 1dea about the approx1nate conformatlons of- 46-—49

s R

P

e -
G LA e L



. CHAPTER II

SYNTHETIC AND CONFORMATIONAL STUDIES OF COMPOUNDS

:RELAiED TO MACROLIDE‘ANTIBIOTICSh

4]

' A. 'Conformatlonal dlastereoface—drfferentlatlng

conjugate addltlons70

of a methyl group to enene 56

a. “Intreductioh: In. connectron with he preparatlon

of chlral synthons" er the syntheSLS of macrollde

r

~aﬁtlb10’ and}relateﬁ natural products, 1t was ﬂecessary

A

to 1intro uée stereoselectagﬁlj an alkyl substltuent (elther .
in a threo— or erzthr —relatlo%hlp w:.th respect to SR d &
.the C(S)—O- group) at the C(6)- ﬁ%SLtlon of £§ R _
the heXopyran051des (for exg%ple Prelog-E@emaSsu lact e7l _,7

‘Recently, a few reports about the conjugate additlons '%L ,f}ﬁi

. K
72,73 oxazollne74 and

of the alkyl groups to the enoate, -
.

hetero~olef1n75

derlvatlves of sugars have appeared Ehese:;
reactlons are useiul to lntroduce stereoselectlvely |
an alkyl substltuent ad]acent to the rlng-oxygen on a sugar
deeratlve. HOWever, these reactlons have lrﬂitatlons 51nce‘a
only one of the'dlastereqmers is avaiiable from the same
.;subStrate. It was conSldered that a pyranosyl enone
s }'_lof the type 50 (Flg. 16) would be an rdeal substrate
| | 'to study the conjugate addltlons of alkyl groups ph;
'51nce.;t could.be.readﬁlxggbtalned'frqm;the,correspenqihgrf




o J

A..the type 30. .

e o1 . ’ ’ .. i
Y . -fi | . ;;70

. __CHCu ‘mFAcE

Fig,;iG. 'Confqrmational dlastereoface dlfferentlatlng L

e

‘ conjugate addltlons of . a methyl group to a ﬂenone of

o ) ,L?%' .ﬁ .;?;



system of the pyranosyl enone 56,

fn . e ' ')

Ry

+

—aldehydo‘Sugar derﬁvative. Both\of the C(ﬁl—

dlastereomers could be obtalned erm 50 li a high:re and
\ : r,'!-‘-:
gi?s dlastereofacxal selectxyrty could be obtained ?u, R

in the conjugate addltlon reactions (Fig, 16). To explone "

this possxblﬁlty, 1t was- decided to study the conjugate

addltlons of the" organometallrc reagents to a sfmple model
N e '
A . ' L (

b. Ayynthe51s of dlastereomerlc C(G)vmethyl

o

v derlvatlves of g;ucose. The pyranosyl enone 56 - .

t ™

vwas prepared from the commerc:Lally avallab;ﬁe a\ethyl

a-D—glugifyran051de as outllned in Scheme l‘} f."“¢>

The compound 51 was converted to the trltyl derr@atlve 52

accordlng to Chaudhary and Hernandez.7z A hlgher yleld Qf
~ methyl 2 3 4~ trl—o benzyl—a—D-glucopyranos1de 54 vu~'_“
-was obtalned from 52‘?& modlfylng the pf0cedure of” %
'-Schuerch and Eby.78. Thus, treatment of. 52 w1th

sodlum hydrlde and henzyl bromlde in DMF gave crude 53_

whlch was hydrolyzed dlrectly to glve 54, m.p.g63—-65 C 1359
78 ,”Qw

(lit. 66. 5——67 C) in 75——82% yleld (two steps) after

chromatography on 5111ca gel. The ox1datlon of - the alcohol

%
>4 to the aldehyde 55 ‘with the Colllns reagent ; was not

a clean reactlon (other products were observed by TLCl

However, Swern o.x:Ldat:Lon7 oi 54 afforded a single product‘o

“the aldehyde 55 w1thout the need of chromatographlc

puriflcatlon. The-lﬁ— and 13CvNMR spectra are conSLStent

;',:.qp;‘,‘ S 'U ‘_{. . ) . o . N Lo 1}5

. 9, »

7

A
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Trcl, EtgN -

DMAP ' DMF

“crjcoon
§ s .
T
S
CH2C1°~

2

e

Swern’

Oxidation

v "

. 56 «
~r

e



5

A

_1n the case of t

73

-with the structure 55}' Treatment of‘55iwith the stabilized

Wlttlg reagent, acetylmethylenetrrphenylphosphorane80

‘ prov1ded after chromatography, methyl (E)-2, 3 r47tri-o-

benzyl-6,7,9- trldeoxy—a—Dvgluco—non«G—enopyranosxd 8—ulose

"56 in 86% yleld The IR spectrum (1677 cm ) indicated:

&
that the compound 56 possesses an a,B—unsaturated ketone

system The 1H-N¥§ spectrum of 56 showed a large trans-

ethylenlc coupllnq (UG 7 16 Hz) | «

Conjugate addlétop of. alkylllthrums to an a,B—

g

' unsaturated cargpﬂﬁﬁ%gpmpound is generally not

sﬁﬁtﬁetlcaliy useful ;“%cess,J51nce the 1,2-adduct

is- the major prodlf‘\fl

However, 1t was expected that
‘jlghly oxyqenated enone 56,

the chelatlon of tﬁe llthlum cation might give a hlgh

L

‘ dlastereofac1a1 selectivxty.' In fact, when an ether'

s %
L]

solutlon of methylllthrum (hlgh halogen content)

was treated w1th 56 at3—75 C, two 1, 4—adducts 57 and 58
(Scheme 19) were lsolated 1n low yleld (total” yield . of
l,4—adducts, 31%)¢ The two adducts were separated by
chromatography on’sxlfca. The dlastereofaclal selectiyity,
of this reactlon was very hlgh in favor of 57

(d,e. 82, 85%). " The assrgnment of conflguratlon at C(6) of

57’and,58 wili be dlscussed ﬁn the following section,

) The total amounts of the conjugate adducts coyld be lncreased

dramatlcally (total yleld of 1 4—adducts, 61%), retalnlng

the select1v1ty (diet > 85%), by the introduction of HMPA
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Y

s5g  GHaLi, BMPA . geo—

26 AU (d.e, » 85%)
%" Liner, S75'c

%%$ 

g;’ga’."‘»,
3
o
' » = Q}E g /
. " CH,CuLiBF.Et.O gm0 '
' 26 3 32, B0 (d.e. >. 90%)
Ether, =75
CHy
Scheme 19. )
R
b



75

: - -
- Into the reactlon m;xture prioxr to the addltron of
the enone. Since the products and the startlng mater&al 9
could be readlly 1denti£1ed by TIC "gue to the dﬁfference
‘in their polarlty and apPearance, an apprqxﬁmate* B
_estimation of the varﬁous reabtion condftéons coaid be made
(Table 4f - From Table 4, ‘it is ev1dent that the’ ch01ce of
solvent,. the total amount of methylilthrum and the ratlo
of-methylllthlum to HMPA (about 1:1) seem‘to be cruclal‘
‘for the sucoess of theireaction.‘ The reason for thls HMPA~

promoted 1nC£%ase 1n the amount of the conjugate adductsv

of thlS unstablllzed a\kylllthlum ‘s not clear,83 although

S

~..

‘there“are some reports in the 11terature where the ugse of

HMPA hasnlncreased the ratio of 1;4—adduct,versus

adduct of heteroatomvstabigized alkyllithiums 84

. The high diastereofacial’ select1v1ti%of this reéctlon,
' ma; be explalned by a pseudo—lntramolecular addltlon of the.
methyllithium, chelated w1th the etherial oxygen atoms, -
onto the enone whlch may exxst in near antl perlplanar
arrangement about.the C(S)vC(G) bond (Flg. 16). Thus,
the rlng— and anomer ic-oxygen atoms of the enone. Ef
_canacoordlnate w;th_the llthium atom‘of the methylllthium';
to rendexr its attack onto the enone from‘the si face. There
aregpeveral other reports where the stereoselectivity in.
congugate addltlons of organometallic reagents |
“has been explained on the ba51s of chelatlon of S

the metal :Lon..]3 75b 85"
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The reaction of the enone Sg with an excess of

§‘CH3Cu.BF38 1n ethem~h£torded'58 as the major x,4quduct

Lt

(d.e}'p 90%) rn\whichMthe methyl grouyp has qddeq trom_
the ‘'‘re! faC§\of the enone (Pig, 16). A small amount
‘of the other 1,4?adduct 57 (¢« 58) was detected by TLC and

. ™™ . . e
;IH—NMR. The reaction of 56 with 1ithinm.dimethy1cuprate in

ether showed similar diastereofacial selectivity.
. R s . ' ' !

The reason for this reversalvoz stereoselectivity with . - ei!
: the copper reagents .18 not clear. A similar,ehanﬁé/I; o ™
. stereoselectlvaty w1th the coppervcatalyzed conjugate '

addition of Grignard reagents to.the sugar esters of

crotonlc acid h;s -bgen reported by Kawana and E:moto.e'7

This was explalpeJQUn the ba51s of the dlfferent 51tes of '

§o- ordlnatlon for the Grlgnard and., copper-reagent 87 88-

1 - o

However, It lS worth notlng that the simple dl%lkyl—

cuprates hava‘shown opposlte stereoselectxv1ty to that of

‘&
LboEk

V‘the dlallyl—quprates Ln qonjugate additions to Sugar

) enoates.74 '

L

In summary,_both the C(6)ﬁmethy1 dlastereomers of .
the glucose derxvatlve (57 and 581 were obtained from
‘ the same substrate by an operatlonally sxmple process
_lnvolVLQg the conformat:onal diastepeoface-dlfferentlation"

‘y in4£he conjugate additions oi»CH Cu BF and -

3
i 1methylllth1um—HMPA ' mhe latter methodoloqy 1s hxghly

\

e -"\,. -
gx" Fagy : H? for the formation of&thd ohrbon-carbon bond l?a




'.HMPA assxsted conjugate additxon of the‘,gtyliithiums

the use of/ihﬁs reaq%ion fon”natural prodgtt synthesis.'%"

T :
LN
PRI

'conformer 58A for the conflguratlon shown 1n Flg l7b

‘The - conflguratlons of . the two 1, 4—adducts, 57 and 58 at-f

.

hsegments or the’ antibiotipé and modified sugars.‘ I plan fgfh,f

“to continue tunthen work.xegaxding the genérql$t¥ 0# ‘the .g o
e

i wm

© e . ' S
‘ .

¢i"i | Q'
Confﬁgurations and conformations of 57 and 58"‘

c (6) were 1ndlcated by ¥MR studles. " The 1im1t1ng ‘hf
cohformatlons about the C(S)—C(6) bond for these tw0' v ‘fﬂf

dlastereomers are shown in Pig. 17, In the three limltlng N

o~

conformatlons for the configuratlon shown 1n Flg. l7a, ;;;\\\\45\,

should be the mast favored San$ the. other two, 57B and 57¢

~~ ~~a

will experlence 1 3- syn -perlplanar 12Teractlons between

the two bulky groups, namély C(?) an C(4)-0— in- 57B and ;’

: Iadada

C(6)—CH and C(4)—O— in 57C.89 20 FJr the same reason <Fhe "‘575

3 ~'\|N' i =

~ o~

should be of 1ower energy than the 588 and 580.% ;SQ

"~~~ ~

The ﬁ—NMR Spectra of,57 and 58 are compar d in S
LN e L s
Fig.. 18 " ‘The chemxcal shlfts:ef ‘the H—l H— nd H-3 /, wf’ ’
. — :“t(

‘were eSsentlally the same for the two molecul s.‘ Tpe shkfzf

.’of the H—4 was 3. 26 ppm fqr both.the enone 5 _ar the,ketone :

but the Slgnal ior Hr% of the k:zone 57fwas 0 13 ppm ‘

to lower field. The two hydrogens the C(Jl,were fould

to’ be about 0,1 ppm apart in §§ frig_¥&8%~and also, the‘ ''''''' N

N ewere upfleld (ab%pt o, lv*O 2‘ppm) fkqm the’ hydrogens 'E h‘ . \5;
h‘on the C(?l of_57 . The doubleﬁ for/the methy& \juj.gvafoij/
. 3 Ahvv’ vi"?ﬁiﬁ:fhﬁ;'iivi)ti{ s $'L k !v:mftjﬁ; f!ﬁ:
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 et,C(6) of 58'was 0. 1ﬁ ppm downfxeig from the C(ﬁI—methyl
of 57.‘ Th;s sh;ft to lower fleld of the C(B)*methy

200

and the hydrogens at C(7) ln 57 is probably because
-the>e1ectrostatﬁc deshielding by Seon

The spaclngs for the signals for the hydrogens of the
pyranose rlng in the H‘NMR spectra of the compoundsis7 and’,
e.S& were v1rtua11y the same. The pyranose rlng 1n these'
molecules is in the 4Cl conformatxon._-xn view of the . _.
“magnltudes of;the coupllng constants for He5 and HvG
(about 1.5 Hz for both the compounds, 57 and 58),
’/the compqunds must ex15t extensively ln a conformatloan
'whlch malntalns these two hydrogens in a near ;x_fcilnal
Dorlentatlon. »Thé coupllng constants between the H-6 andA*
the two hydrogens at the C(JL in 58 are substantlally |

9.5 Hz, Scheme 20).

different (JG HA;E\3.5 Hz and‘J6 ﬁB =
‘ - ) 6, .\\\ . R AL :

J - 1'5 Hz

\ 5'6
o 3 o wa
A gn 6,HB = Q.S Hz,

. s

~ Scheme 20,

t\\\

”'This indicates th£t~there Is a prsferred orientation

about the C(6)-C(7) bond 3n 58. .



. molecule and obtarned at the - same ‘time through

“

ts (57 gnd SBL by nuclear OVerhauser
‘ 1 Ly

enhancement (n 0 e.] experrments‘ Homonuclear

n. O e, studles have found wxde application in structural

and stereochemlcal work 64 The n.o.e. experiment con31sts

pf selectively rrradlatlng the signal for‘one or more

e e
protons In the. 1H-—NMR spectrum of 3’ compolnd and obserV1ng

.the enhancements of the 51gnals for other protons preSent

-y

~in the Same molecule. The r 6 dependance of\thls

enhancement,‘where r 1s the dlstance between the 1€radlated\

and observed protons, makes such measurements hrﬁhly

%
*

jsen51t1ve to.small changes in- thb sepafatron of these
.protons;:.,' | . '

Wlth .the- advent of Fourler—Transform hlgh—fleld
‘spectrometers, measurement of n,o0.e.s cqn be made with 4
confldence to w1th1n + 2%.// Abso}ute.n.O.e.-effectst_
are hlghly-sen51t1ve to a/number”of experimental'factors
‘1nclud1ng concentratlon, the presence of paramagnetlc
.substances, he complex1ty-and.nature of thevmolecule
.under 1nvest1gat10n, the strength of the magnetlc fleld
-and the measurement itself. Therefore, <the absolute balue

-

of an n.0.,e. is not itself 51gn1fxpant_except in the ‘sense

‘of the two hydrogen atoms, ‘Howevex, the pelative vélues“

- of n.0.e.s for two or more hydrogens within the same

Y

-~

91 v

_%that a styong obsexyed n,0,e, requires the 01ose‘prox£mity '

[}



B ST

‘spectrum from the other.

[ f oS .

n%, e, N

P

h"theairradlatlon of a, specxzxc hydrogen are siqnificant
;o in the sense that the hydrogen which has the greatest R
‘n.0.es, must be closest to the hydrogen that was imradlategL

|
Thus,‘although.the absolute value is«only of qualrtative

value, the ratios-of n O e. srneasured at the same tlme
are at least of semrwquantrtative value.

"k

The results of a typxcal n, O e. experrment

;’are presented in Fxg.AlQ, where the effect of 1rrad1at1ng

”

;the C(6)—methy1 Slgnal of 58 ls shown. Such experrments
' could be conducted 51nce the 51gnals to be 1rrad1ated

u were well separated from the other 51gnals in the spectrum

PR

The n. O e.'s can be most convenlently determlned by

x’ .

: recordlng, 1n alternatlng fashlon, the normal and

-

‘1rrad1ated spectrum and then computer substractlng one

In the spectrum where the C(6)—methy1 of 58

lls belng 1rrad1ated and’ IS\therefore,saturated, these

;fhydrogens Wlll no 1onger providé a signal while the signals

of hydrogens proximate to“the C(G)-—CH3 will be enhanced

.Y

(Flg. 19b) Consequently, substractlon of the 1rrad1ated

spectrum from the rlormal spectrum (Flg. 19a) w1ll provxdeyﬁ
‘ ’

a dlfference !g'ctrum (Flg. ch) where the C(G)—CH3

‘w1ll appear as a negative signal of full lntenSLty

(;‘e.,,thls SLgnal w111 lntegrate for thnee protons),
\
the unenhanced SLgnals will cancel out and the enﬁanced

'SLgnals w111 aﬂpear as SLQnals of fractlonal posrtrve‘

o
[
I8
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) ] %
intensity. The n.O.e.'s of, these latter signals may then
be expressed as a percentage of the irradiated signal,

. Examlnatlon of molecular models o£ the favored

‘conformation of the conf.ﬁg'ura.tion A ng 17b

‘ B to the H-5 and
H-6.‘:Ont of the two hYerf?‘ﬂ-J‘i ¥ fhtﬁgnone having
a coupling constant of 3w5'Hz‘withdH=6’(i D.e., Hpo | :
Scheme 20) is expected to be in the close v1c1n1ty of

‘the H 'H-4 and H—6 only; Saturatlon of the C(6)—methyl
signal of fg 1ed to the nuclear Overhauser enhancement of
the s1gnals due to H-5, H 6 and H -7 (Pig. 19)

Irradlatlon of the H—4 s1gna1 till saturatxon led to

the n.0.e. of- the H -7 and H~ 2 signals (Flg. 20b). These.
n.o.e.'s could be expected only for the conformatlonvégé of

the conflguratlon shown in Flg 17b. Thus; the obsérved

- n.0. e. s lndlcated that the product obtained fram

the conjugate ,addition of C?BCu BF3 to the enone 56 is

the one having an R configuration at-the C(6) as in 58
(hereefter called R—isomer),and it exists:extensively in

the eonformatlon shown in Fxg._ZOb in CDC1 Therefore,

3°
" the dlaStereomerlc product obtained from the conjugate
‘addition of methyllithium must have an Swconfiguration at
the QZ%) as in éz (hereafter'called §7isomerg,
In‘thebpreferred conformation of the §Fisomer‘
(Fig. i7a); the'Ht4, H-6 and<C(6)-G@j are expected to_be_

closer . to each other. In fact, significant enhancements
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R

ks -
i,
&

N

58

Fig. 20. Conformations of 57 and 58 and the schematic

'representation of the n.O:é, experiments.
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-

of the H-4 and H-6 signals wexe obsegved on saturation

3
experiment involving the. saturation of H-5 signal xesulted

of the C(6)-CH, signal in 57 (Fig, 21), A reyerse
rﬂ ~ .

'ih the enhancéments of the H-3, H-6 and HH~-7 signals.
These resﬁl%s indicaﬁed that the compound §2 has the’
S-configuration at C(6) and it exists predominantly
in the conformation as shown in Pig. 20a. )
The conélusions reached by'n.o.é. experiments
were Strengthened b§ the observed chemical shifts of

13

~the C(6)-méthy1 and C(7) in the C-NMR specﬁra of both

the isomers (Table 5). .The C(6)-methyl and H-4 are in near

e~

ézgfpefiplanar arrangement iﬁ!the conformer 57A
‘of the §fﬁsomer and the methyl group existslin gauche \‘
orientéﬁion, with resﬁéct to‘the C(4)'and 5-0~-, ' ]

On the other band,‘the meﬁhyl group in 58A of the R-isomer
is in anti arréngemén£ wi#h respect to the C(4). _ -
An upfield shift is generally expected for any carbon which’
can exist in gauche orientation, with respect tQ another
carbon or heteroatom, relative to the ;hieiding of its

anti counterpart.gz’93"94

inn fact, the C(6)-methyl carbon
in the S-isomer is shieldédkby 5,27 ppm from its '
_coUntérpért in the R-isomer. Simiiér.shieldﬁhé

of the methyl carboné which could be xationalized

6ﬁ the basis of conformational properties has Been observed

95,96

by Pavia and Lacombe for threonine-containing

glycopeptides. As expected, the C(7) carbon
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in the R-isamer is 4.71 ppm upfield fram the C(7) carbon
of the S-isamer. The chemical shifts of the C(4) carbon
of both the isamers are very similar (A§ = 0.27 ppm).

Y d. gynthesis of diastereameric C(6)-methyl derivatives of
galactose. In order to test the generality of
the 'conformational diaste.reofacé-differentiating' additions

discussed earlier for the encne 56, another example of enone 56gal

"~~~

A~~~

as a substrate for conjugate additions is more interesting,

smce the protecting grcups in 56gal are dlfferent than 56 and

e s ot g B

s T
the «Cl conformation as is implied in the conformational
formulas (Scheme 20a).

The encne 56gal was prepared fram the readily available

v s -~

~ o~ o~

Wittig reagent, acetylmethylenEtriphenylphosphoraneso
in refluxing dichloramethane provided, after chramatography,

. the trans-enone 56gal in 74% yield (Scheme 20a). The IR rum

—~ o~

(1670 cm ) indicated that the campound 56gal possesses

~ "~

showed a large trahs-ethylenic coupling (J¢ = 16.0 Hz).
— !
The HMPA assisted conjugate addition of methyllithium
to the enone 56gal provided 57gal in' 32% yield. The 1H—NMR

and TLC (silica gel, 1:9 ethyl acetate~-1,2-dichloroethane)

‘showed the presence of gmall amount of other conjugate

90

3
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. adduct 58gal (< 3%) major product in th:Ls reactJ.on was

R » e

' the l 2-adduct 59gal (47 )~._ The conflguratlon at C-6 of 57gal

‘. W3s tentatlvely° a551gned in analocy w1th canpound 57

s
‘-(see dlscussmn mthefollmmg‘sectlon) It 1s noteworthy that

- also showeo hlgh dlastereofac:Lal selectlvrty in favo:_ R of §_’]g§;

s:.mllar to the erione 56 in thls reactlon

~ T
o KD e e o~ D A

~~~~~

‘ The two dlasterecmers were separated by chranatography over

' ',5111ca gel usmg 3% et.hyl acetate in l 2—dlchloroethane.

‘ The less polar dlasteremer ('ILC 5111ca gel 1: 9 ethyl acetate——‘

R 2—d1chloroethane‘). was found to be identical with 57gal ( H-NMR)

~ s o

B ‘,The major dlaSterecxner was a551gned the conflguratlon as shown

¢ {
o in 58gal in analogy w1th 58 Although, the selectlvlty w1th

:(CH3) C‘hLl in’ thlS case is ss than w1th the enone é’G the major

d_lasterecmer is the one talneo fran re' fac1el addltlon of

.

~

- A~ s e

The tentatlve ass1gnrnents -of the oonflguratlons of the 1, 2-adducts

57gal and 589al at C(6) were supported by NMR studles.

~ o~~~ ~ -~

: ’I‘he llmltlng conformatlons about thé. C(5)—C(6) bond for theSe

two dlastereaners a/rp/shém in Flg. 2la. In the three limiting

I

LV ST T oy

conformatlons for the configuration shown in Flg. 21aA, 57galB

4
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o should be the most favored since the other two, 57ga]_A and

s~
»~~~~~~

et adadad

C(6)-CH3 and C(4)—O— in 57ga]_A For the same reasan,

e T

—~ o~~~

the confomer 58galB should be of logver: energy, than

- the SBgalA and 58ga1C. o

~~~~~~ s

The chemlcal shlfts of H-l, H-2 and H~3 in lh-NMR spectra of :

57gal and 58gal were. essentlally the same. ’I'he Sh.'l.ft of the H-5

~ o~~~ P

was 3.43 ppn for SSgal lyt the 51gnal for H—5 of the ketone

~ e~

‘57gal was 0. 14 ppm to lower fleld ~ The. spacmgs for

R o e

the s:.gnals for the hydrogens of the pyranose rmg in the lH—NMR
speptra of the oompounds ?jtia} and iBgail were v1rtually the same
‘The ‘pyranose ring in these molecules is strongly distorted -
-away frar the 4Cl confonnatlon as is mplled in the oonformatlonal

formulas (Fig. 2]_b) ' In view of the magnltutes of the coupling

~ o~ e s o

constants for H-5 and E~€ (7 0. Hz for 57gal and 9. 25 Hz for SBgal) A

- the ocmpounds mt e.XlSt extensively in-a oonformatlon Wthh‘
maintains these two hyd.rogens in a near’ antJ —perlplanar o

orlentatlon (i.e. 57galB and 58galB)

i ~ g ‘
«

The favored conformatlons and therefore the oonflguratlons ‘

at C—6 of 57gal and 58gal were supported with n.0.e. experments. .

POPSP P o~

The 1rrad1at10n of the 51gnal ‘due to 6—CH3 in the lH—NMR spectrum

94

of 57gal led to the nuclear Overhauser enhanoenent of the 51gnals :

N

B due to, H—S and H-—6 The enhancexrent of the H-4 signal was very

lJ.t‘tle or none, These results mdlcated that canpom’xc 57ga1
. K ( ~~~~~

has S configuratlon atC—6- and the prefered con_fom\atlon is



.95

35,0 925
8 6-CHy = 16.06 pmu
/-
Fig. 21b. Confommations of 57gal and 58gal the schematic .= /-

representation of the n.O.e. experimeni:s.
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' as shown in Fig. 2].b Significant enha’ncements of the H-4 and

H-6 Signals ‘were' observed on saturation of the -CH signal

~ R~

:Ln 58gal (Fig. 21d) .- The enhancement of H-5 s:.g'nfl was half
- times’ less'than that of H-4. These n.o. e. results ind.icated

that ccmpound SBgal has R configuration at C-6 and it exists

~

exten51vely in a conformation as shown in Fig. 2lb. There was

no substantial 'differenoe in the 13C-NIV[R 'cheftxical"shifts cf '

" the 6-01 of 57gal and 58gal (Av = 0.3 ppm) smce in both

~n R~ S~

"canpounos C(6)—G{3 band ds in gau e—relationship w:Lth

3,94
respect to C(S)——C(4) bond or C(5)~0O~ bond 92,9

~ o~ R~

' are mdicated by the results of the n O.e. experlme.nts and

. \
.’the l3C—chetmcal shifte of the. C(6)—methyl\adKC(7) carbons.

It is believed that the NMR studies (especially . n. O.e. s)

described here shoulo find use in establishing the stere

a.rrangenent of a dlsubstituted ch_iral center adjacent to ‘, ST

L4

the pyranose ring ‘and related cycllc ccmpounds which carry‘
a substituent .at the B—p051tion with respect to the chiral center
[for example, 4-0- 1s in the B—pOSiticn With respect to

o

the chiral center at C(6) of 57 and 58]
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4

B. Reglo and stereocontrolled openlqg of

the conformatlonally Ilgld epox1de 33——Synthet1c stud;es

NE

.towards chlral 3= bengyloxy;5-hydroxy—4~alkylhexan01c acid

LN

Tactones. L : o : .

a. IntroductiOn' Recent effortsvtowafd thewtotal

synthe31s of natural products that are blosynthetlcally
- derived by the so called "proplonate pathway"98

) have nece551tated the development of synthetlc routes’
leadlng to carbon chalns w1th multlple centers of

chlrallty In splte of several innovative apprqaches‘
71,99

- realized through elaboratlon of acycllc or cycllc

‘precursors,loo achlev1ng hlgh levels of diastereomeric

purlty contlnues to be a major synthetlc challenge.'
@An alternate, opé}atlonally dlfferent strategy which
‘addresses 1tself to this fundamental problem is based

101

on the concept of "chlral templates" A derlved from

carbohydrates. - Following this strategy'a simple route
for introducing three cohsecutive chiral centers in a six

g carbon unit of the type 60 (where R and R are alkyl

substltuents) is descrlb?d.l

~




. 98

The lactones of the. type 60 are useful synthons for

the synthesrs of chrollde antlbrotr s, For example, :;\\“‘
102,103

.

recently, two groups rndepende tly reported

;'the x~ray crystal structure of the' ant biotic elaiophylrn

(az;g\omycln—s) 51 (Fig.. 22) which was 1solated from’

104, 105 One logical retrosynthe51s

-

nof 61 dlS ects, as lndﬁcated 1n Fig. 22, the aglycone

Streptom ces spec1es.

(the non’ sugar—portlon of 61) 1nto chlral segments A-and B.

- . ~
£ ™ N

The segment A, havrng three consecutrve chlral centers and

representlng C(ll)—~c(15)-and c(@zmt )vﬂC(lS‘)
carbon—backbone of 61 can be readlly derrved from 67

_ i
The lactone 67 can be obtalnedxlngprlnc1p1e from

L

'the‘l,G—enhydropyranose 66.°

-

‘b. Synthetic studies towards chiral 3-benzyloxy-5-

hydroxy—4 alkylhexanorc ac1d 1actones An alkyl

.substltuent on a pyranose rlng can be readlly lntroduced

by openlng an epox;de with a carbon

nucleophile.351101b1106,107'

1, 6 3, 4—D1anhydro a0~
(4-nethylphenylsulfonyl) B—D—galactopyranose35
(33, Scheme 20) is an ideal startlng materlal for thNs
purpose since it 1s readrly prepared from levoglucosa
(a product of starchtor cellulose pyroly51s 1.v his
compound has several~advantages, including costi

conformatlonal rlgldlty due to the presence of the trlcycl C

skeleton and temporary protectlon of the CCG) hydroxyl and



elaiophylin (azalomycin-B]

- 'Segment A'

Fig. 22. The structure and retrosynthetlc dlssection of

\'the antlblotlc elalcphylln (azaiemyc1an)
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anomeric hydroxyl é&oups in Ehe form of an l,é—anhydro—
‘1inkage. Furthermore, cleava;e ot the oxirane ring in 33
by nucleophlles, electrophlles and reduc1ng agents proceeds
with hlgh reglo— and stereospec1f1c1ty. 17e;

Inltaally, the reaction of the epoxy—tosylate 33 with
methylmagnesium chloride was ihyestigated. After trying
several variations, the maximum yield of the époxide—ring 
opened prodoct 62‘was about 50 to 60%, wheo 33 was allowed
to react with methylmagne51um chlorlde in the presence -of
a catalytlc amount of cuprous chlorlde in THF at room

temperature (Scheme 20). These yields are not

CH,MgCl, CuCl o}

-
—

THF, R.T. _
OTs . » OTs:
©33 L . 62

~ o~

Scheme 20.

- e

synthetically attractive. However, treatment of 33 w1th

an excess of trimethylalane in the presence of

0.3 equlvalent of n- butylllthlum108 under the conditions

descrlbed for 63 afforded 62 in 68% yield. xNo\attempt
was made to optimize this yield. The structure of the ring

opened product was established to be 62 from 1ts %ﬁ—NMR

-
ATy

spectrum (Fig. 23). Thns, the chemical shift of H-4

L
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was found to be 1.79 ppm and the Values of the cohpling \
‘ constants.J .4 and J4 g were observed to be less
than 2.5 Hz which proved that the methyl group in 62
is in Eiiil orientation at c(4).

) Treatment of epoxide 33 with an excess of
triethylalane and 0.3 equiValent of n—bﬁtyllithfﬁm
in benzene gave hydroxy tosylate 63 (Scheme 21}

in 66% yleld along with the epox1de 65 (18% yleld)
The. -epoxide 65 was formed in this reaction probably
because of the presence of n-butylllthlum Thls
was verified from the fact that the yleld of gz

cOuld be raised to 90% when the amount of n-butyllithium

4
was reduced to about 0.05 equlvalent and consequently,

\

There was no reaction in the absence of n-butyllithium
N - \ .

the yield of the epoxide 65 was decreased to 2.5%.

- (TLC control).' In the lH-NMR spectrum of §§:(ﬁig. 24) the
broad triplet at 1.50 ppm could'be assignedeto h—4gand
the couplings'J3;4-and J4’5 were found to be 1ess than
2.5 Hz which confirmed the structure fg. )

Lithium triethylborohy9£ide reduction of the hydroxy
tosylate §§‘gave almost exclusively one product (95% yield);
.The lH—_NMR spectrum of the product showed.that~it was the 2-
deoxy sugar Ef' The upfield multiélets at 1.82 and 2,02 pém
cop%q.be assigned to the H-Zéq (JZeq,3 = <’2'ﬁz) and H-2_

- (Jzax 3 = 5 Hz) respectively. A similar order of the
[4

chemical shifts for the C(2)-hydrogens of the C(4)-allyl
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R 4

Benzene

OTs

"33 AL

o~

Et3BHLi
: NaOCH3,CH30H ,
: THF
CHCl3
N,
NaH,DMF
PhCHZFr
4
\$v(" o e -
BnO
. \
.\o

67

~ A~

Scheme 21.
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derivatives 35 and 36 (Schsme 11) was observed,

It can be visualized that the xeduction of 63 proceeds
by way of the epoxide intarmediate sg and subsequent
lttacﬁ at C(2]) by the hydride to give gﬁ. The complete
regiospecificity of this reductipn js p¥obably

due to the presence of the C(4)-axial ethyl group, which
hinders the attack at C(3), s;nce a small amount of

the product of di-equatorial opening of the epoxide
109

was observed in the reduction of 33. Benzylation of 64
~N ~

Proceeded smoothly to afford suitably protected 66 ’
sin 91% yield. In the lH—NMR spectrum of 66 (Fig. 25)
the multiplets for H-2 and H-2 were found to be

ax eq
= < 2 HZ).

at 1.92 (J2 = 5 Hz) and 1.98 ppm (J

2eq,3
This order of the chemical shifts is opposite to the one

ax,3

observed for the C(2)—hydrogens of 64.
Treatment of §3 with sodium methoxide in chloroform-
methanol gave an epoxide (93% yield) which was identical

(*#- ana 13

C-NMR) with the one obtained as the minor product
in the reaction of 33 with triethylalane. The structure

of this epoxide was established to be §§ from its spectral
properties. The oxirane ring in §§ should lead to~

an almost complete restriction of the 1l,6-anhydropyranose
system and to a planariza;ion of the pyranose ripg.

- The fixétion of four carbon atoms in a plane [C(1})—C(4}]

in §§.should enforce a flattened half-chair conformation

5. 17e,110

of the type H, (Scheme 22). In the 1H--NMR spectrum
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=3 K

»
N
1

‘J4'5 =0.5 Hz:;f;

= 0.5 Hz

. Scheme 22,

of . 65 CFlg. 26), the two hydrogens at C(6) appear
at 3.75kppm. ThlS'lS ln contrast to the 1 —NMR spectrum
of 64 where ‘the H—é’ de is shlelded by 0. 57 ppm more than

the H-6 (at 3. 77 ppm) The extra Shleldlng of h 6endo

.

:1n.65 is probably because of the.flattenlng.of
:,the pyranose rlng whlch reduces the electrostatlc o
1nteractlon between the C(3)-oxygen and the’HfGendo'
' The chemlcal Shlft of the H-4 multlplet was fouhd-to’be
.at 1. 86 ppm The vicinal couplxngs between the H-4 and H-5,
hthe H-3 and ﬁ—4 were found to be 0. 5 Hz and 0 Hz |
respectively zrom the decoupling studres. These'vaiues}
lndlcate that there is a tlattening of the C(lvaCCAL
: portlon in 65 llO In addltlon, two iourvbond

( J2 4 = about 0.5 Hz and 433 5 "1 Hzr and onefrwrtond‘

Co 4 R 0 5 Hz] long—range couplrngs were observed
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- A relatlvely laroe value of J, couplmg indicates

1,4.

110

the antlperlplanar arrangement of the alternate 6 bonds and—

y 111
t.hat all the six atans must be near one planel

(Schene 23).

'Schene 23,

.

13
: The C-Chenlcal Sh.lft asmgmnent., llsted in Table 6

are based upon the llterature precedent in the area of
B carbohydrates 46 47 48 |

Canpound 66 was converted mto lactone 67 m flve steps

) ".usmg stanoard reactlons (Schare 23a) Methanolysm ‘of 66 usmg

"IRA-lZO(P ) recln as a catalyst at rOGn tenperatu.re prov1ded methyl

vglycoclde 66A as a m:thure of o= and B-ananers in a ratlo about

~ -~

e

- g5:15 ( H—NMP) Treatment of 662 w1th methanesulfonyl chlorlde and

: 0
tnethylazm_ne in dJ.chloranethaneq' at 0 C afforded 66B :

A

- in 80% yleld ' Deoxy—functlonallty at C—-6 of 66B was mtroduced by

| reductlon w1th lltluum trlethylborohydrlde. Treatment of 66B w1th

~ron

~

,'llthlun trlethylborohydrlde in THF ‘at roam temperature gave 66C J.n

' 69% yleld. :



~e

Scheme 23a

66D 5

B lm_-izo(n:]‘ :

‘MeOH

Et,BHLI, THF .

PR
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‘ Methyl glycos:.de 66C was hyd.rolyzed with 50% aquous acetic
acid at 60 C to give 66D in 83¢ yleld Lactol 66D exists
as a 3:2 mlxture of a- and. B%ancmers (1H-NMR) in CDC)].3
Oanpomd 66D was. ox1da.zed w1th pyridinium chlorochrcmate in
'vdJ.chlorcmethane to gJ.ve the tarqet 1actone 67 in’ 76%- yleld. o

- 'I‘he IR spectrum (1748 cm ) J.nd_lcated that the oanpounc 67
is a d—lactone 'I‘he large v1c1_nal couplmg J 4, 5 = 9 75 Hz |
(8 H—5 4 06 ppn) mdlcated that there has been no. J.Sanerlsatlon
at the chlral centre C-S.. The 13C—NMR spectrum is consistent
B with the proposed structure 67. :
| The protected lac,tone 67 ‘having three consecutlve chlral
centers represents the C(ll)-C(lS) and C(ll )—C(15 ) segments
, (segrnent A, Flg- 22) of elalophylln (azalcmycm—B) 61 |

| I plon to continue further work qh the synthe51s of other
E lactoneq of the type 60 and on the use of these chlral precursors‘-

for ‘the synthesns of macrollde antnblotlcs. '



CHAPTER III

REVERSAL OF CYCLOFUNCTIONALIZATION USING CHLOROTRIMETHYL—

: SILANE SODIUM IODIDE IN ACETONITRILE.

VAL IntrOdUction.d © .

The synthetlc met?odology ‘based on cyclofunctlonall-

2
zatlon us1ng halogens,ll benzenesulfenyl chlorlde,ll3

and phenylselenenyl chlorlde114 is well developed.

fThe transformatlon of eq. (1) is representatlve of a 1arge

'icldhs of such cycloﬁunctlonallzatlons that are useful

“for the synthesxs of lactones 112,113, 115, thers,116'117vf

thibethefs,lls and amines..l19 (R = PhSe, PhS, Br, I:

X =c1, Br, I).

. @

n————»C@

.68a - . R - N 68 R -_PhSe

~

Al

d Although regeneratlon of unsaturated acids from

halolactones le g vr €ede. (2)J has been investigated, 112

little ‘is known about methods for rever51ng selenium
120 '

'vbased reactlons.

1T1 1



A | : 114

OB

The unsaturated acid-is customarﬁly regenerated from

112

- a halolactone using zinc in acetlc ac1d The existing

methods for reversal of phenylselenenolactonlzatlon
'.make ‘use of basic (NH /Ll) or acidic reagents120 and,
’ztherefore,‘a reversal method carried out essentlally
.under neutral. condltlons will be a: welcome addltlon.
.Alsok the cohver51on shown in eq. (l)vand (2) oan‘be used
>.to proteCtaa‘double’bohd and an atteched.nucleophile,
In contlnuatlon of ‘our effort to 1nvestlgate
the synthetlc methodology based on selen;um chemlstry, 1t
wasvfouhd that many of'the cyclofunotlonal;zatlons
‘representedzby eq. (1) cén.be reversed under‘mild
‘condltlons by the action of chlorotr1methy151lane and
sodlum 1od1de in- acetonltrlle\ln very good ;1e1ds.
e81m11ar to selenolactones andlethers, thydroxy
‘phenylselehioes.are converted steieospecifically ihto
the cofresoonding olefins, Since,'h§aroxy,selenides
are available by a varlety of carbon-carbon connectlve

routes114 121 thls,method constltutes a_novel approach



to the formation of carbon-carbqn,'double bonds.

115

<r
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B. Discussion.

Thé cyclofunctionalised startfﬁg‘materials for téis
study were ﬁrepared £rom’the éorrespondﬁng olefinic .
compounds according to the,sténdard general methods in
reasonable yields. In the’case.of tﬁe phenythiolactohe 29‘
no attempt was made to improve thé yield as a sufficiént

amount had been made for thelpreseht studies and
113

k!

compounds of the sameogeneral class are'khown
.to be available; qenerally;?in good yield. |
Some comment i's necesé%fy about the preparationi
(See eq. 35‘of the phenylselenoether Zg. The ring -
closure can.takeAplace.in two ways to give éither 23
— ‘ ' v
~ or 78 as shown!1>P (cf. Scheme 24). The material
isolated (72% yield) has the structure»assiéned and.nOt
the altefnative Zg.v This was established chemically bybt
thg‘experiments summarised iﬁ eq. 4, the méterial dbtained
bylthé methods of eq. ﬁ and 4 being identical

(rLc, IR, ‘H- and 3

115b

C-NMR, mass). The lactdné 79 is a known

o~ -

" substance; it is recoverable unaltered from boiling

toluene but, when treated in boiling toluene with Ph3SnH,

it ‘is conyerted into_4—0xatricyclo[4.3,l.03’jjdecén—

115b 13

5-one, which is spectroscopically (e.g.., C-NMR)

distinguishable f:oﬁ the isomer, 4-oxatricyclo-

14.4.0.03'8]decan—570ne. : ' S .-

“



Scheme 24,

117
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The results of the reaction of ten representative
B—oxygenated phanylseleno, phenythio, and iodo, specres w1th
chlorotrimethylsilane and sodjum iodide in acetonitrile
are summarised in Table 7, In a‘éypﬁcal experiment,
the substrate and Ahhydrous'sodium lodide were, dissolved
in anhydrous acetonitrile under nitrogen to gfve a solution
that was 0.04-40.5 M In substrate, Chlorotrimethylsilane

'was injected and, after an appropriate time (TLC control)
the iodine liberated was demunyéivdth.mmxxnm sodium

thiosulfate and the prodﬁct could be isolated in the yields
- specified.

The reaction was very slow when one equivalent v
of the reagénts was employed. Using 68 as a test case,
it was found that reaction in dlchloromethane 1s
1nconven1ently slow. Reactlon of 74 w1th chlorotri—

.methy1511ane and sodium cyanlde in reflux1ng acetonltrlle
is also slow [88%. (vpc) of l-decene after 20 h].

Most of the examples studied are B-oxygenated
selenides, which react at room'temperature, but
the experlments with compounds 70 and 71 establlsh
that the ' process can be extendéd to thio and 1odo species,
Although the iodolactone 71 reacts at room temperature,
the thiolacthe 70 reqﬁires refluxing conditions‘and
‘\a longer reactioﬁ time,:

' The isomeric purrty of the hydroxy selenides 76 and 77

~ ™

was checked by careful integration (400 MHz) of
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Table 7: Reversal of Cyclofunctionalization,
Substrate Me .8iCl Nal Time (h) Product .~ Yiela o
%mmol/mmol
substrate)
6gil>b 6 6 3 68a 84
OH
4 4 4 ‘ 83
0
6s115D
. .
G:(>=o 6 6 17° 68a 91¢
il A
\ H
Phs .
70
oo .
n
1
71 :
R ‘
0 OH
Phie ©
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Ty
. .
_ Substrate . 'Me3s'ic; * Nal Tipge (h) Product . vield.
: ' {mmol/mol - .
~substrate]
2 2 1.5 74
v -
73
| -CgH,,CH (OH) CH; 2 2 0.3 1-decene 88% (V'PC)
. ePh | :
74 9.
. - Cow i ‘ : .
CgH, gCHCH, O 3 3 0.5 1-undecene “83% (VPC) -
~ SePh E g ‘ : '
.75
. R . V . Lk
3.3 ¢ 3.3 0.67  (Z)=4-octene’ >90% (VPC)
o
76
kS » i i
2.72% 2 0.5

- (E)-4-octene® >90% (VPC).
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N

”Fd%tnotes to Table 7

a‘

Except where 1ndlcated, xeactlons were xun at . .
room temperature and yields refer to isolated,
distilled material bettey than 99% pure gs judged
by VPC.  1Isolated pxoducts were identif ded

by comparison with authentic samples, Where

" wylelds were determlned by YPC an internal standard

was used and, in the case of compound 74

a portion of the olefin-: ‘was 1solated ST
and characterlzed. ‘
Reaction run at reflux. temperature of MeCN.
Better than 98% pure by VPC., - ‘ : .
Homogeneous’ by t.l.c.

' The 400 MHz NMR spectrum showed <2% erythro
_ isomer,

Contains 2% (E)~lsomer as judged by VPC analy51s
on a AgNO.~impregnated column.' :

;Contalns }% (Z)-isomer (VPC).’
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‘approprdate nmr signals; The chemlcal shlfts of H 5 and
dH~4 protons of threo 5- (phenylseleno)octan—4—ol 76 are

§ 3 06——3 19 (m,,l H), and 3,53, 62 On, l H),. whereas
.'those for _Eythrng—(phenyseleno)octan—4—ol) 77 are
'§ 3.23—3. 4, 1 H) and 3.6—3.72 (m, 1 m). ‘Therefore‘

1t was p0531ble to detect the extent of 1somer1c 1mpur1ty

by thlS method. . ;.3_ ST o o

| ‘The" hydroxy selenldes react faster and with a’ smaller‘ol
‘ excess ‘of reagents than the selenolactones.chn the-case of.'
'lCompound 74, a portlon of ‘the product, 1- decene, |
bwas isolated by 51l1ca gel column chromatography.and
characterlsed. The hydroxy selenldes 76 and 77v

a

gave the correspondlng oleflnsﬁ;zth 11ttle,‘1f

-any, loss of stereochemlstry and SO thlS reactlon.
'\fdlffers from that based on llthlum—ammonla reductlonl;5c
‘1n belng stereoSpe01flc _The hydroxy selenldes are,
avallable by a varlety of routes 1nvolv1ng carbon—carbon

114,121

g bond formatlon Ie;g;, reactlon of a selenlum stablllzed

_ carbanlon w1th an aldehyde or ketone (See e 5)]

L g*&—%ﬁi&' R

R R PhS
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'Therefore the" periments With 74#—77 also'illustrate

a synt ‘ s-—-as opposed to. protectron-deprotection——"

lpof double bonds._l ‘
0f the cases studled (cf.,Table 7) there were two
.Ttypes of substrates for whlch the chlorotrimethylsilane—
sodlum‘lodlde system rs<unsu1table. The urethane}'Bl119
lappeared (TLC control) to be essentlally inert even in'
ddreflux1ng acetonltrlle (32 h) c1s—N-Carbethoxy—2—’:
-.'methyl 6—undecylp1per1dlne also falled to react |
7l*at a satlsfactory rate (”‘21% conversion: after 96 h at .

.._reflux) 123,'Ev1dently, ethyl carbamates of secondary

’f5am1nes are not always dealkylated ea51ly.l?4 . The reactlon

116 -

. Wfof phenol ether 82w ,,1s not a clean process- more than:

¢
Pl

+

: one product 1s obtalned as: Judged by VPC R )/:

o~

~n

123
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j”sodlum 1odrde system has not been establrshed,.‘

The precrsﬁ nature of the chlorotrimethylv51lane—rf
I24b 125

.ﬁThe hydrorodlc ac1d formed by adventltlous hydroly51s w1thgn
'watEr should be’ trapped as an adduct Wlth acetonltrlle :
h_(See SCheme 25a) and so the reactlon ‘s carrled out Afilf~':
f;essentlally under neutral:condltlons.f Although we did not

'1nvestlgate,the detalled mechanlsm of thls reactlon,

"i#?tentatlvepproposal can be outlined based on the stereo—.-‘

~ the case when a strong acid is used

rispe01f1c1ty of the reactlon and the nature of the products

formed (See'Scheme 25b) Our reactlon does work ‘when

pyridineiis_used as the solvent at least as judged by

,lan experiment w1tht68 but the process is 1neff1c1ent

;(< 21% yleld after 24. h) Aqueous hydr01od1c ac1d

(47% w/v, 5 equlvalent) in acetonltrlle afforded

'533% yleld after a reactlon perlod of 3 5 h. The yleld was
'~64% when only 2 equlvalent of hydr01od1c ac1d was used.
jThe hlgher ylelds of the 5111convmed1ated process are: p

due to the fact that the unsaturated ac1d generated 1s 1ntl~.

o

_the form of, its 'trlmethylsilyl ester (cf. Scheme 25b) and |

hence it is not avallable for further reaction as is

12 (See eq.,6),

To'conclude, apart from examples 81 and 82

“the reactlon with . chlorotrrmethyl311ane-sod1um lOdlde
‘is a general one for reversal of cyclofunctlonallzatlons

'The ease ‘with whlch unsaturated ac1ds and alcohols may be“

converted lnto cyclofunctlonallsed compounds and
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CH C= N + (_CH3),3S:LI ; 1____ L CH3 i N~ SJ.(CH‘ )3
_52CCH3)3SLI + HZO - ————§”7 2HI + (CH3)381-0 Sl(CH3)3

'CH3CEN'+'_.HI S = CH3—¥=NH

OSsic (Phsé)ﬁ?_ 4
N o :

1

OH ' .. -
: ' + —=Si~0-Si— - . — R
L v b s .“ . S

Scheme 25.
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N0l

‘the unsaturated aclds and alcohols subsequently regenerated
'_from B oxygenated phenylseleno, phenylthlo and 1odo'
spec1es suggests that cyclofunctlonallsatlon has potentlal
as ‘a method éor the protectlon of unsaturatlon.‘

In addltlon,Adehydroxyselenatlon of B~ hydroxy selenldes is

:also an efficient and stereospec1flc process for formatlon"

of- carbon carbon double bonds.



CHAPTER IV

EXPERIMENTAL - e .
’ : : \ T e ‘ )

}<"p ‘.»A:‘~hvif"'[

‘A: ©  General

"'EXCeptéwhere stated to,thehcontrary, the following

particularsAapply For reactlons carrled out under
: nltrogen,‘oven-drled glassware (130 C, 12 =-24 h) was used.

The apparatus was allowed to cool in a de51ccator or
rfassembled hot ,capped with rubber septa, and swept Wlth _
‘hnltrogen for ca. 15 min. Reactlons were performed (after ' ///\
tremoval of thé ex1t needle, unless gas was to be generated)» o
‘;under ‘a sllght statlc pressure of nltrogen " The. nitrogen

used was purlfled by passage through a. column (3 5 x 40 cm)

>of R—3ll catalyst127 and then through a s1mllar column of

=

4:Drierite. All solvents were dlstllled before ‘use for
chromatography. Solvents were drled, where spec1f1ed by
dlstlllatlon, under a statlc nitrogen atmosphere, from
"'sultable de51ccants and transferred via oven—drled
syrlnges. Dry ether, THF and dloxane,rwere dlStllled from
sodlum (benzophenone, 1nd1cator); dlchloromethane,
“chloroform, benzene, toluene, hexane, pyrldlne,'
'-acetonltrlle, dlmethylfonnamlde dlmethyl sulfox1de and |
hexamethyl phosphorotrlamlde (HMPA) frtnlca101um hydrlde

I

[the,latter three under reduced pressure];'abetone from

.127h'
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anhydrous pota551um carbonate methanol from magne51um

methoxide. The follow1ng reagents: were also purlfled before

useland dispensed by syringe: thlonyl chlorlde simply by

diétillation; chlorotrimethylsilane, triethyiamine and

‘diisopropylamine were distilied‘from'calciuﬁ‘hydride;
Benzeneselenenyl chloride from Aldrich was used as

reCeived;, During product isolation, solutions were dried

' over magnesium edlfate or potassium carbonate (where

neceseary) and evaporated under water-pump vacuum at roomu

temperature. ﬁhere compounds were isolated simply by

. evaporation-ofptheir solntions,.the residues’vereikept

‘ under;oii pump vacuum and checked for conetancy of weight.?

ISolated prodncts were submittedldirectly for combustion

analysis without need for additional purifiCation, unless'

otherwiee stated. |

Al Vapor phase‘Chromatographyb(VPC) were pertormed

‘onba Hewlettffackard_5830A %as chromatograph eqdipped with ~

an FID detector and unle54 Otherwise noted, with

prepackead Hewlett Packard 6 ft, 1/8" o.d. stainlees steel

analytical columns with nitrogen as the carrier- gas.’

Ylelds were evaluated by VPC in the folio/lng way:

.a standard solution was prepared composed of the compounds

to be analyzed plus an inert lnternal standard‘dlluted

Awithfappropriate'solventhto the apprOXimate concentration

‘expected to occur from the reaction. Response faCtor of

each component, compared to the internal standard

’
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were calculated. The absoluteGYiéld of a'specified
product was theﬁ calculated by addition of a known amount
of interﬁal.standard to the #eaction mixture and quenching
the reactidn, fbllowed by'VPC.analysis.'

‘ Commercial‘thin-layer'chromatography\(TLC’ plates
were used: siiica gel was Camag type DF-B or

Merck 60F-254; alumina was Camag type DSF-B or

'Merck 60F-254. UV active spots were detected at_254'nm;4
. spots detected by spraying with suifﬁric»ACid (50% ih
methanol) were charred on a hot plate. Silica gel for.
célumﬁ>Was Merck type 60, 70-230 mesﬁ ASTM; silica gel for

flash Ehromatography128

was Merck type 60, 230—40Q/mesh
ASTM. T /
Infrared spectra.yére_recorded on a Pérkip—ElmgF 257
infrareg spéctrometef, or on'é,Nicolet 7}99 Fq¥IR
spectrometer. Liqﬁids and oils were usuaily run as thin
film on sodium chloride plaﬁés;'soiids weré run as'
solutions in the specified solQént, using 0.5 mm sodium
chlpfide cells or‘asva nujol mull. Proton NMR spectra
Werefrecoraed on Varian HA-lOO’(at 100 MHz), Bruker WH—ZOO
(at 200 MHz) or Brucker WH-400 (at 400 MHz) spectro- |
meters, in tﬁe specified deuterated solvent with
tetramethyléilane'(TMS)'as an internal :standard. 13C—NMR.
spectra were recorded on a Brucker HFX-90 (at 22.6 MHz),

Brucker WH-200 (at 50.2 MHz) or Brucker WH-400

(at 100.4 Mﬁz) spectrareters with tetramethylsilane

-
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(TMS) or deuterated- chforoform as an lnternal standard.

The coupled 13

C-NMR spectra were obtarned us1ng a C/H dual
probe. The concentrations of the compounds used for

' nucleaf Overhauser experﬁnents weretlov—15%.w/v and
solutions were degassed prior to the experiment. Electron-
impact mass Speetra wege determined on an AssoCiatea
Electrical Industries. (AEI) MS-9 doublewfocusing high-
‘resolution mass speotrometer and chemical—ionization mass
spectra were recorded on an AEI MS—lZlmass spectrameter using

129
ammonia as reagent gas. Optical rotations were recorded on

a Perkin-Elmer 241 polarimeter at 589 nm in a 1 dm cell.
Meltlng points were determlned on a Kofler block meltlng
point apparatus. ‘

For reactions nun at‘OOC thesreaction flasks
were cooled 1n an ice water bath lower temperatures
were obtained by the use of dry ice-acetone mlxtures.
Unless otherwise stated, stlrrlng refers to the use of
a Teflon coated magnetic barb$§ | . |

The‘commercial (Aldrich) solutions of methyllithium

in ether and n—butylllthlum in hexane were tltrated,
before use, by the dlphenylacetlc acid method 130
Trlethylalane, lithium‘triethylborohydride, (4~carboxy*
butyl)trlphenylphosphonlum bromlde and dlmethyl |
(2-oxoheptyl)phosphonate were commercially available and
.were used WithOUt-further purification. Cuprous chloride

was freshly prepared by the literature method.131
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.

B. Synthesis of l,3—anhydro—2—9¢£vbuty1—3,4~dideoxyv

g —

3—mer¢apto—B—DL*threo*pentopyxanose(7vex0vgrBu£oxy—2—oxa—'

G—thiabicyclofB;l;theptane)»31.

Benzyl 2,3—anhydroF4—déoxy—ﬁvDL—erzthro—pentopyranoside“

21 and benzyl 2,3—anhydro—4fde6xy—u—DLrerthroépentor.

‘Pyranoside 22. GP solution of m-chloroperbenzoic acid

~ o~

(16 g, 85%,-78vmmol) in dichloromethéne (100 mL) was added
dropwise to a solution (130 mL)‘of 2fbenzyloxy—5,6r |
dihydro—afpyran‘3924 (27.51’g,h144 mmol) in the.Same/_
..so0lvent. A further portioﬁ/of m-chloroperbenzoic acid
(0.4 g, 85%, 51 mmol) in dichloromethane (100 mL)

was added after 6 h. Tbe mixture was stirred for

‘an additional. 4 h and filtered. The solids wgfe whshed'
with héxane'(SOO mL) and the cpmbined organic phase

'ﬁas washed with 10% w/v agqueous sodium thiosulfate (260 mL).,
with saturated aqueous sodium bicarbon;?e (2 x 200 mL),
with water (2 x 150 mL) and brine (150 ﬁL). . The organi;"
extract was dried éhd evapofated. Flash thomatogfaphy"
of the residue over silicé_gelv(S’x‘ZO cm} with 1:9 ethyl

4

acetate—hexane gave the epoxide 352 (14.8 gf 49%) as

a homogeneous (TLC, silica gél, 1:9 ethyl acetate—hexane)

0il, Compound 21 \had: ' FT-IR (mull) 1447, 1010, 695 cm *;
, N~ '

'NMR (cDCl,, 400 MHz) & 1.8l (m, J = 2.5, 4.5, 5, 15 Hz,

3!

1 H, H-2), 3.34 (m, g =1, 4, 5 Hz, 1 H, H-3),
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.42 (m, 3 =1, 2.5, 7, 12 Hz, 1 H, H*Seq), 3.77 (m,
0.75' 5' 11' 12 HZ’ l H( H"Sax), 4q56 and 4.81 (AB q’

HE

J = 11.5 Hz, 2 H, —gﬁﬁph),‘SQOB (br s; 1 H, H<l),

7.3 (m, 5 H, aromatlc protons); CMR (CDC13, 22,6 MHz)

. ppm 23.41 (c-4), 49. 86 (c~2 and c-3), 54.47. (C-5),
69.93 (—gH2Ph), 94.56 (Cfl), 127.86, 128.05, 128.48 and
137.41 (aromatic carbons) ;v exacf_o mass 206.0938 (calcd for

206.0943). Anal. Calcd for C

C12ty 403
H, 6. 84 ?ound' C, 69.63; H, 6.91.

On further elution, epoxide 22 (4 63 g, 15%) was

obtained. Compound 22 had: FT<IR (£ilm) 1045, 1020 cm-l;

“NMR (CDCl,, 400 MHz) & 1.95 (m, 2 H, HH-4), 3.25 (q,

. 3!
J =3, 4 Hz, 1 H, H-2), 3.33 (br t, 1 H, H-3), 3.43 (m,

1 H, H-5_), 3.85 (m, 1 H, H=5__), 4.60 and 4.80 (aB q,

J =12 Hz, 2 H, -CH,Ph), 5. 00 (@, 3 = 3 Hz, 1 H, H-1),

-2

7.3 (m, 5 H, aromatlc proto{s), CMR (CDC1 22.6 MHz)

3’
ppm 24.76 (C-4); 49.77 and 51.29 (C-2 ang C-3),

55 43 (C-5), 68.95 (-CH,Ph), 92.68 (C-1), 127.71, 128.15,
128 41 and 137. 71 (aromatlc carbons) ; exact mass 206. 0942

206 0943). Anal. Calcd for C H, ,O

(calcd for C 12H7149;5¢

1211403
C, 69.88; H, 6.84, Found: C, 69.73; H, 6.90.
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Benzyl 3—§—g—butyl—3,4—dideoxy—BvDL-threo-pentopyrandéide

32.‘r378uty1 mercaptan ' (1.46 g, 1.83 mL, 16 mmol )
‘was added to a solution of sodium methoxide (0.88 g,
16 mmol) in absolute methanol (10 mL}. The solution
.was stirrédAfor 15 min and then epoxide 3% (3‘65 g,
.14 mmol) in methanol (10 mL) was added. The mixture
' was fefluxed for 2 h, cooled and diluted with water (10 mL).
"Most of the methanol was‘evaporatedVand the residue
was extracted with ether (2 x 75 mL). The organic phase ﬁﬁ;
was washed with water (50 mL), brine (50 mL), dried and F

evaporated to give compound (4.07 g, 92%) which

¢ .
was used for the‘ﬁ;xt stag ut further purification.

e

An analytical sample was pr by crystallization ffbm”
_ hexane. The purified material had: FT-IR (nujol) 3420,

frb. ¥4 o N . ’
1455, 1077 ciP%; NMR (CDC1,, 200 MHZ) & 1.34 (s, 9 H,

3’
—C(CHj)4), 1.70—2.09 (m, 2 H, HH-4), 2066 (m, J = 5;
10.25, 12 Hz, 1 H, H-3), 2.76 (d, J = 1.75 Hz, 1 H, -OH),

3.22 (m, J = 1.75, 7, 10.25 Hz, 1 H, H-2), 3.49 (m,

3 =3, 11.25, 11.75 Hz, 1 H, H-5_ ), 3.9y (m, J = 2,
4.5, 11.75 Hz, 1 H, H-5.), 4.37 (d,J,j\>%&zr'1 H,
«H-1), 4.66 and 4.91‘(AB a, J = 11.5 Hz, 2 H, —CﬁzPh), .

7.3 (m, 5 H, aromatic protons); CMR (cpcl,y, 22,6 MHz)
ppm 31.63 (-C(CH,) 1, 35.66 (C-4), 43.79 (rg(cﬁ3)3),
45.35 (C-3), 64.20 (C-5), 70.44 and 72,72 (C-2 and
-CcH,Ph), 103.39 (c-1), 127.76, 128.03, 128.42 and 137.52
(arpmatic‘cargons); éﬁact mass'296.1451 (calcd fqrv

J



- C16M24

*

.c, 64.84;

s, 10.84.

al
)
B
-

4035, 296.1446), Anal. Caled for CcHy,

134

©3°

c, 65.04; H, 8,23;
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° Benzyl 2 O—n—butyl—3—S/gfbutyI—3 4vd1deoxy—BvDLvthre0vf
o pentopyranos1de 24 : 5 s ~Ff

v¢‘ S xv . T : Lo . g "

;d‘ SOdlum hydr}d ;50% w/w as an 011 d}sPersron, 2, 0" g,

40 mmol) wasnadded to a solutron (50 mL) of compound 23
)

(8 28 g, 27 8 mmol) ln dry DM; ‘The‘mrxﬁﬁre was:stlrred o

for 30 mln.vand then lwlodobutane (7 71 g, 4.§‘mL,‘

S 40 mmol) was addeﬁ oyer O. 5 h. After 5 h, ‘more sodium

“+

hydrlde dlsper51on (1.5 g, 30 mmol) and a further portlon’_
of 1= 1odobutane (4 85 g, 3 mL, 26 mmol) were added '
Stlrrlng at room temperature was contlnued overnlght

h“The mlxture was dlluted w1th water (100 mL) and extractedl
W1thwether (3 % 100 mL) The comblned organlc extract ,’

, was washed w1th Water (2 x 50 mL) and w1th

brlne (1 X 50 mL) The extract was drled and evaporated.-r'

Flash chromatography of the re51due over 51llca gel‘

Ces s -
S

(5 x 18 cm) W1th 1: 19 ethyl acetate~—hexane gave pure 24 .
o ~:

ébg) as a. colorless 011 - The compound had.

FT IR (fllmh, 1115, 1085 cm™'; NMR (CDC1g,

3 HyCH, Y, Ltz =

CHZQgZCH ), 1.74 O, 1 H, H- 4 b2, 07 gn, 1 H, H-4 ‘y,

(9 0 g,?.l‘
400 MHz)
'5 0.8971t, "3 = 7: 2%x%z, 3 H, -CH

C(CH3) ), 1.35 (m, 2 H, -CH

"aﬁss (m, J = 4.5/;8; 13 5 Hz, 1 H, - 3), 2,97 (a, 3= 5.25,
8 Hz, 1 H, H- 2), 3.43. n, l H, -5 al e 3 65. (@, 1 H) and

3. 75 (dt 1 H) [C(Z)—O CH <J, 3 94 (dt 1 H, H-S ),

. eq
4.43 (@, 3= 5,25 Hz, 1H, H-1), 4.60 and 4. 87 &8 q,
-/
* / »




.CMR (cpcl

- 352.2072 (calcd for C,

o .

J =12 Hz, 2 H, ~CH Ph), 7. 3 (m, 5 H, aromatlc protons),

W
b

3 100,6 MHz) ‘ppm 13, 92 g, CH CH ), 19 31 (t,

31.53 - [q, c(cn3)3_1, 32,32 It, C(Z)\'O\-CH CH,=1,

o

CH 3),

34. 87 (g, C—4), 42 47 (d C—B)J 43 50 [s,,“C(CH )BJ’

- 62. 23 Cq.-c 5), 7o 33 (t). and 72 78 (t) I-CH Ph and o~r

'C(z)—o-cn-—J, 0. 72 (a, c—z), 103 21 a; c—1), 127, 52,

. 127.79, 128 30 and 138. 04 (aromatlc carbons), exact mass

20 32 3

C, H,,0.8: C, 68.13; H,.9.15; S, 9.09. .Foundzj C, 67.97;

20 3273

H, 9.12; S, 9.35.
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iﬂsa;ufTZ O—n—Butyl 3 S*t butyl—3 4~d1de0xy~% B DL—threo—
Qpentopyranose 25 TrmfluOnoaceticvaCId‘(80%«1n water,

>‘20 mL) was added to a solutron of compound 24 (9 50 g,-

‘:26 mmol) 1n dlchloromethane (25 mL)._ The mxxture‘
"xﬂwas stlrred at room temperature for.AO h ‘coofed 1n an ice
E ,bath and dlluted slowly w1th trlethylamlne (32 mL) |

‘,,

'fwashed w1th Water.;

’evaporated.a Flash chromatography of the reSLdue over

' #.s111ca gel (5 x 20 cm) with' 0. 75 9. 25 ethyl '

B (( . . S

o acetate——hexane gave compound 25 (4. 32 g, 61%) as a pure,

"pale yeIlow 011._ The compound had FT IR (fllm) 3400

115 cm~¥; NMR (cnc13, 460 MHz) 5 o. 03 (two sets of t,

2CH ). 1 3,_1 4 (m, 11 H, —C(cgﬁ)

: ha CH cH ), 1. 59 (m) and 1.72 (m). 3, H- 4 . and

7 25 Hz, 3 H,h cH ‘3f

CHZCH2CH ) 2 15 (m, 18, H—4'q) 2.76 (m, ofsyH,~ﬁa3)
of g- 1somer),‘2 98 (q, J=5.5 8 Hz; Q,s H, H-2 of
‘;'B 1somer) 3.10 (br.q, O 5 H, H—3 of a—isomer, 3}25;€g;
=2, 25 >6 Hz, 0.5 H, H-2 of - q—lsqmer), 3l45—+3.86
[three sets of m, 4 H HH 5 and C(2) O-CH2 1., 3’53 (df
I =8mHz, 0.5 H, 0-OH), 3. 84 (4, I=% Hz, 0.5 H, B- ~OH), -
4,70 (t J = 5. 50, 6 Hz, 0 5 H H—l of 5—1somer-
collapsed to- a. doublet w1th J e 5.5 hz on D-O exchangeLJ,
4. 98 (q, J = 2. 25 8 Hz,'O 5 H, H—l of dvlsomer.'

collapsed to a- doublet w1th J ’ 2,25 Hz on D20 exchange);‘

W | T



- CMR (CDCl

" and 34.11 [C-4 and c(2)—o~CH

y

,B 1soﬁur), exact mass 262 .1600 (calcd for C

3 23.6 an) ppm 13 70 ar@is 75 c—cu cH ).,

19.12'(—93

3), 31 15 and 31 28. IPC(CH3)3J 31 86 32 02

ZPCH '-] ’ 38|33 and

,41 65 (c 3), 43 56 and 43, 69 1 c(c 33, 60 72 and
61, 69 (c-5), 70.66 and 92.49 [C(z)—o-cn ,~1s 79, 60 and

80 91 (C—Z), 91 44 (C ~1 of a lsomer), ?7 74 (C 1 of

13826035 |
262. 1603) Anal Calcd for C13H26 3 .»-C, 59.49, H, 9(98;

S, 12.21._.Found, c, 59.53; H, 10.00; S, 12.09, =

o
A
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1- O—Acetyl 3= S—acetyl 2-O-nvbuty1—3 4—d1deoxy«q,gvDLv-

-~y

threo-pentopyranose 27 and (+) ; eo-pentopyranose 27.and

) threo—l l 5~tr1acetoxy~3~thioacetylpentane 28’

Concentrated sulfurrc ac1d (0 75 mL) was added over: 10 mln-"‘

”~'to a stlrred ice- cold solutﬁon of 25 (4.1 g, 15. 6 mmol)
fln acetlc anhydrlde (35 mL) Stlrrlng at 0 C was contlnued

ffor .a further 30 min and then anhydrous sodlum acetate

(2-00 g) was added. The mlxture-was alleed,to‘attaln room

temperature and was then evaporated Fthanol (50 mL)

.‘was added and the solutlon was agaln evaporated This
9]

_evaporatlon’procedure was repeated w1tn;ethanolt(2’x 50 mL)

and . then with toluene (1 x 50 mL). The residue
was partitioned between ether and saturated aqueous sodium

bicarbonatew’ The organgcbextract,was‘washed‘withdbrine}

. dried andzevaporated. ~F1ash'chromatography offthe residue

‘over silica (5 x 16 cm) with 1:9 etH&l'acetate—vhexane

gave‘27'(2 60'g, 57%) as a homogeneous (TLC, 5111ca gel,

1:9 ethyl acetate——hexane), pale vellow 011. Compound 27
<1

had: FT~IR,(fllm) 1742.4, 1692.3, 1229 0, 1117.7 em™ L

NMR (cnc13; 400 MHz) § 0.87 (two sets of t, 3= 7.25 Hz,
38, —CHZCEB), 1.35 (m, éiH,_eC§2CH3)i 1.51 (m, 2 H,
-cgécazc%');*l.sl—fz.ze (series of m, 2 B, HH-4), 2.11 (s)

and,2.l4 ts) (3 H, ~OCOCH. ), 2. 05 2 3 {m, 1 H, H-3), 2.34 (s) and
2.35 (s) (3 H, -SCOCH. 3 3.16 g, I=5, 7 Hz, 0.31 H, H-2 of .
Briscner), 3.36 (q, & =3, ll Hz,rO.GG'H,‘H—Z of a~isamer), -

&
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3 39——3 98 (serles of m, 4 H, HH—S and C(Z)—O—CH v),
5 B89 (d J 5 Hz, 0.31 H, H—l of @—fsomerl, 6 30 (d,

: J = 3 Hz, 0,66 H, H=1 of qvlsomer), CMR (CDC13, 22,6 MHz)

vl

*ppm 13.78 (=CH,C 19.07 19.17 and 21, 02 (§CH CH3»and

2¢ 3)'
,rocogH3),,29.73; 30.63, 30.84, 31.81, 32.07 and 32. 31
5+ ~CH,CH,CH,

60.90 and 62.01 (C-5), 70.81 and 71.85 IC(Z)—O—CH o7l

- (-SCOCH and C=4) -41.34 ana 41, 19 (c-3),’

76 73 76. 40 (C~2), 89. 98 (C-1 of a—lscner), 94,43 [C—l of

194 75 (-SCOCH3)

3), | |
s, 290 1187). aAnal. Caled . ...

' B—lsaner], 169 01 and- 169 63 (—OCOCH

exact mass 290 1177 (calcd for Cl3 22 5

for C13H22055 C, 53.76,_H, 7'63f S, 11.04. Fouud; C, 53,82;

©H, 7.76; s, 1. 16. a o . 'fv

On further elutlon,‘compound 28 0.72 g, 11. 74%)
wes.obtalned es_a,colorless thick Olli whlch SQlldlfled
on ;tauding.-,An.aﬁaiytical‘eample was obtained'by’keeping‘
the materlal for one day under 011 pump vacuum. '-e"Q

The materlal was homogeneous by TLC (5111ca gel l 9 ethyl

:acetate——hexane), Compound 28 had. FT- IR (nujol) s (

1689.3, 1734.8, 1748.9, 1766,9 em™t; MR (cDC1,, 400 MHzj

3',

6 0.90 (t; J = 7.25 Hz, 3 H, ~CH,CH3), 1.34 (m, 2 H,

2
~CH,CH;), 1.52 (m, 2 H, ~CH,CH,CHj), 1.92 (m, 1 H'JH*4)"
2;Q7 (é,,3 H, —oCocga),-z.os (s,»3,ﬂ;_eococgéi, 2,09 (s,
‘3~H, —oooc§3), 2,14 (m, 1 H, H-4), 2,31 (s, 3 H;'—SCOCH ).
3.57 (dt) and 3:67 (at) (C(z)—o CH —), 3.63 (g, J _‘2 5,

7 Hz, 1 H, H-2), 3. 91 @m, J = 2.5,

4.14 @n, 2 H, HH—S), 6.91 (d, J =7 Hz, 1 H, H-1);



CMR'(CDCl

-CH CH ), 20 42 and 20.58 (POCOCH 1, 30, 20 31,47 and

2

. 31.89 (~SCOCH CH.CH

3" 277273 |
61.24 (t, c-5), '72.94 I[t, c(2)-0-CH,~1, 80,94 (4, Cc-2),

87.99 (4, 4C—l); mas\s\l(chem'i'cal ioni‘zatiwn, NH3)
., 410 (M + 18). Anal. Calcd for T, H,,0,S: C, 52,02;

‘ 1772878
H, 7.19; s, 8.17. PFound: C, 52.05, H, 7.30; S, 8.34..

141

3¢ 22.6 MHz) ppm 13,56 (9, -CH,CH ), 18. 90 (t,
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2-0-n-Butyl-3,4- d1deoxy—3—mercapto—q,5 DL-threo-

o

pentopyranose 29, A solutlon (6 5%, w/iv, 1 mL) of sodium

methoxide in methanol was added to a solution of

the diacetate 27 (2.00 g, 6.88 mmol) in dry methanol

(25 mL)~ The'mixture was Stirred for 3.5vh; neutralized
‘with IRA- 120 (H ) re51n, flltered and concentrated at room .
temperatute§ Flash chromatography of the res1due over
”silica gel (4.5.x 16vcm) w1th 2:8 ethyl acetatef—hexane
gave:the metcapto—alcohol gé (1.20 g, 84%) as

a homOgeheous (TLC, silica gel, 2:8:ethy1 acetate;;hexane)

0il which solidified on standlng for several days.‘

+ Compound 29 had: FT IR (nujol) 3400, 1460 cm'l}

NMR (CDCl,, 400 MHz) 6§ 0.93 (br.t, J = 7.25 Hz, 3 &,

3!

-CH,CH;), 1.3—2.08 (series of m, 6 H), 1.97 (d,

- 0 = 4.5 Hz, -SH), 2.85—4.1 (series of m, 7 H), 4.52 (q,
J = 5;5,v6;5 Hz, 0.31 H,erl of sfisomer:‘ collapsed

~ to a doublet, J = 6.5 Hz on_Dzomexchange), 5.27 (t,
~J = 3 Hz, 0.63 H, H-1 of a-isomer: collapsed to
a doublet(.J ='j Hz on D20‘exchange); CMR (CDC13, 22.6 MHz)

ppm 13.70 (g, -CH CH3); 31.89, 32.1s,

2+
33.39 ‘and 34.05 (-CH,CH

2
and C-4)}, 35.59 and

CH,), 19.14 (t, -CH
2¢H3 ‘
39.83 (d, €-3), 58.74 and 63.74 (t, C-5), 70.56 and

72.90 [t C(2)-0-CH,~1, 82.39 and 85.06 «, c—21, 90.45 (4,

C~1 of oa—isomer), 98 64 (4, C-1 of B—lsomer), exact mass

188, 0870 [calcd for C9 1GOZS M - Hzol,.188.087l],
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7y

%

173.1176 [c#lcd for CyH 0. (M - SH), 173.1178].
Anal. Caled for CgH, 0,8: 'C, 52,35; H, 8,71; S, 15.54,
Found: €, 52.53; H, 8.85; S, 15,53.

.

Py
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I

‘1,34Anhydro—2—g—n—butylf3,4—dieoxyv3ﬂneroapto~gvDL—threo—

pentopyranose(7-exo—n—Butoxy—2—oxa—6-thiabicyc1013 1.1])-

heptane) 31. The mercapto—alcohol 29 (D 182 g, 0,88 mmol)

_Gas~dlssolved in dry ether (20 mL] and the solutfo?/

was cooled in an ice bath. A slow stream of nitrogen

was passed over the solution and dry nydrogen ohloride
Was passed through it with magnetic stlrrlng. After

an arbltrary period of 30 min, the reactlon flask was
tightly stoppered and the mixture was kept at 0 C
(refrigerator) for 2 days. The mlxture was then allowed
to attaln room temperature, the stopper was replaced by

a septum and excess of hydrogen chloride was removed

' With a stream of nitrogen. Dry benzene (10 mL)’was
injected and bubbllng of nitrogen was contlnued ‘for 30 min.
Powdered 3A molecular sieves (0,8 g) were added and’ passage--
of nltrogen was contlnued for 1 n w1th magnetlc stirring.
By using a syrlnge and a 51ntered funnel the mixture

was flltered under nitrogen into a flask.contalnlng sodium
hydride [0.81. g, 50% w/v in minexal oil, 17 mmol, washed
with dry hexane (3 x5 mL) in THF (15 mL)]. Ouantitative
transfer was achieved by u51ng dry benzene (2 x 5\\ET~a$f
a rinse, The THF solution was refluxed for 1.5 h{ cooied,
dfiltered andjevaporated. FPlash chromatography over silica
.gel (1 x 10 cm) using 2:98 ether—hexane gave a colorless

liguid which was diluted with benzene (10 mL) and
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evaporated. The residue weighe@ Q,073 g, (44%) after being’

kept under oil-pump vacuum for 20 min. Trace impurities
were detected by TLC (silica gel, 1:9 ethyl ; ‘  ,
acetate——hexane) but a satlsfactory analysis was obtalned

on this materlal. Compound 3% had: FR—IR (film) 1462,
1120 cm’l; NMR (cDC1,,

"2 H), 1.60 (m, 2 H), 2.14 (m, 1 1), 2. 61 (m, 1 H), 3.45 (m,

400 MHz)- 6 0.93 (t, 3 H), 1.40 (m,

1 H), 3.52 Gn, 1 H), 3.72 (m, 1 H), 3. 99 (br g, 1 H)

4.31 (q, 1 H); 4.51 *(m, 1 H), 5.54 (q. 1 H); CMR (CDC13,

50.32 MHz) ppm 13.78 (q), 19.28 (t), 25.84 (t), 31.75 (t),

48.54 (d), 60.23 (tq), 67 21 (t), 74.64 (4), 89.51 (dt):

i

,mass (chemlcal 1onlzatlon, NH ) 206 (M+ 18), exact mass‘

126.1045 [calcd for Cc o M - CHZOS),'126.10461.

8 l4

Anal. Calcd for CgH, 0,S: C, 57.40; H, 8.56; S, 17.03.

‘Found: C, 57.63; H, 8.74; S, 16.92.

DR

* k.'Z
LA



146

C.’ Total'syﬁthesis of optigallv.acfive 9&,1}5-_

thiathromboxane A, methyl ester 7.

1,G-AnhydrOr4~deoxy—4-§-a11y1—2—g—(4—methy1phenylsu;fohyl)—‘

%

B—nglucopyranose.347'*A11y1 magnesium chloridéf(w'z.s M,

THF solution, 17$ mL, v 6 equivalents) Was_added slowly
to a stirfed cdoled‘(O‘C) mixture~of@1 6:3,4-dianhydro-
2- O—(4—methylphenylsulfonyl) -B- D—galactopyranose 3335
(17.20 g, 57 mmol) and _cuprous chloride (0. 57 g, 5.7 mmol)
ln THF (75 mL) . Stlrrlng at 0 C was continued’ for 10 h

- by which stage the reaction was ovsr (TLC control

5111ca gel 1:1 ethyl acetate—fhexane).' Th;’mlxture

was cooled to -20 C and acetic acid (22 mL) was injected
slowly, followed by water (10 mL). - The mix;ure

was partitioned between dichloromethane (1 L) and Water._
The orgaﬁic léyei was washed with brine, dried and :

evaporated. Flash chromatography of the residue over'

ﬁacetate——hexane). The compound had:
36

-]
(1it.3% 65—67°C); [a123 - 58.4  (c, 0.9, chlorofon%)
36

li6.%¢ -s8’ (c, 0.9, chloroform)l; IR (CHC1,) 359§5 :;?}J;

1360, 1197, 1182 em™ Y, NMR (CDCly, 400 MHz) 1.68£;"j[

J'= 1, 2.5, 7.5 Hz, 1 H, H-d), 2.36 (m, 3 H, ~Ca, G

and -OH) , 2. 40 (s, 3 H, —CH l, 3.70 (m, 2 H, Hv3




147

and H-6 g o)r 4:02 (br 4, J = 6,75 He, 1 H, He6_ , ),
4.18 (brt,J-lSHz, 1 H, H=2), 4.41 (br d, J = 5 Hz, lH,
H-5), 5.12 (n, 2 H, ~CH=CH,), 5.2¢ (br s, 1 H, H—l),
5,75 (m, 1 H, ~CH=CH ). 7.36 (d) and 7.82 (d] (4 K,
aromatlc protons), CMR (CDCI3, 50.3 MHz) ppm 21,62 (q,

—EH3), 35.35 (t, ng -CH=CH2), 43.08 (4, c<4), 68.22 (t,

2
. C-6), 69.81 (4, c-3), 74.27 (4, Cc-5), 78.80 (4, C-2), ‘
99.63 (d, C-1), 117.91 (t, -ch=CH,), 127.89, 130.07, .

133.27 and 145.35 (aromatlc carbons), 135.51 (4, -CH—CH );:

exact mass 185. 0812 [calcd for C9H13 4 - 'fHSOZL
185.0814}, 1l67. 0706 (calcd for C9H1103 M -
(C6H7SO o+ Hzo)], 1§7.0708).
A3
. ‘
» (
S 4
N 4 ke
2y
%f
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1, 6—Anhydro—4 C—allyl<3~0—benzoy1—é 4-d1deoxye5<Dvarab1no~

DM . ——

hexopyranose 36. Lﬁthium trrethylborohydrode ClSOme,

THF solutlon, ca. 4 equﬁvalentl was added dropwise at room.

v}temperatuie to a solution’ L50 ml) of the hydraxy

'tosylate/34 as3. 52 g, 37 mmoll Ln dry THF., The mixture
' Rt -
was stlrred.overnight and ‘the excess of'reagent

"wae destréyed by addition of'uater.r A cofﬁ (0 C) mrxture

/of 30% hydrogen peroxrde (80 mL) and sodium hydroxrde (3N,

100 mL) was added’ slowly with 1ce—bath coollng. ‘ 7‘f )/

oo

The mlxturi was allowed to attaln room temperature and

T was stlrred for 3 h It was then extracted with

dlchloromethane (5 x 100 mL) The extract was drled and
;concentrated.' The res1due was dlluted with toluene (50 mL)

'and concentrated agaln in vacno.q The re;ultln
L% S .

Qwas kept for 3 h under. 01l—pump vacuum to afford: crude

-1, 6—anhydro 4- C—allyl 2 4—d1deoxy—5*D—arabino-heXOpyranose'

’.,35 LS 77 9) which was used dlrectly for/the next step

//_ Attempted dlstellatlon of a portlon of the Ccrude

L

product resulted in decomp031tlon Lc. control, 5111ca gel

e

1: 1 ethyl acetate——hexane) or qharacterlzatlon,

a sample was purlf;ed by/flash~chromatognaphy over T

j"Slllca gel (. 5 x 15 ‘am) w;th.l 1 ethyl acetate—*hexane1.~

- Compound 35 had. IR (fAlml 3440, 3080, 1640, 1130 1050, E

l

- }8‘70 cm NMR ccnc13, 400 MHz) § 1. 85 cbr d, J = 15 Hz,

°



& 149

15 Hz;gl'n, H-2 ax) ¢ 2120 and 2, 32 (two sets of m, 2 H,

cnzcn-cu ), 2.85 @, J,~ 7.5 Hz, 1 Hy von), 3.73 (m, 1 H,

H-3: collapsed 1nto a broad doublet w1tro
D,0 exchange)u 3 77 (Qu J = 5 7 Hza;fwd#“d'G

- 4.32 (br d, 3 = 7 Hz, 1H, ““‘endo) 4“.1'(br d, =15 Hz,

1 H, H-5), 5. 09 and 5 13 (two sets of m, 2 H, —CH—CH ),

5.60 (br s, 1 H, H- 1), 5;82,§m, 1 H, —CH—CHZ); CMR (CDC13,

50.3 MHz);ppm‘BS.SO»(L)kagd'BG.lS (t) (C=2 and egnéCH=cH2),
"44.94 (@, C-4), 67.81 (4, C-3), .67.92 (t, Cc-6), 74.79 (d,

. c- 5), 101.15, (d, C= 1), 117.12 (¢, -CH= cH, ), 136.16 (d,-
7 ,

‘;if—QH CH ): mass (chemlcal 1onlzat10n NH ) 188 @4+ 19):“

1"153 (MH - H O).

P

' Benzoyl chlorlde (9 08 g, 7, 5 mL, 64 mmol) ‘was added'
'».dropw1se to a solutlo,vof crude 35 (5. 52 g) xn‘dry
pyr;d;ne (15 mL).“Th mixtﬁre was stlrred overnlght and

the excess of reagen 'was destrcyed by addltlon of water.

7

s

n

The mlxture was stlr ed at room temperature for 2 h and
.was extracted with dlchloromethane (4 x 75 mL) '

‘The organlc extract/was washed w1th hydrochlorlc

ac1d (2 N, 50 mL), saturated aqueous sodlum blcarbonate
solutlon (50 mL), water (SO mL) , ‘brine (50 nL), drled
‘and evaporated Elash,chromatégraphy of the re51due over | -
‘5111ca gel (5 x 18 cm) w1th 1;9 ethyl acetate-—hexane gave

36 (7 33 g, 71% overall yleld) as a homogeneous: (TLC,

-'slllca gel, 1l 9 ethyl acetate——hexane oil Compound 36

23

had: [a]D

121 6 (-,.1,irnc13) $FT- IR (fllm) 1717 .

- ’ . ‘.A ‘
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. 2.42 (m, 2 H, -CH

H-6__-), 4.33 (d, J = 7 Hz, 1 H, H- se

- protons); CHMR.(CDCI

~ 165.87 (—OOCPh); exact mass 274 1203 (calcd for C

150

»

1450, 1260, 1115, 1028, 715 cm '; NMR‘égDCl 400 MHz)

8 1. 91 (br tr 1 H, H—4), 1, J6 (br 4, 3*; 15,5 Hz, 1 H,

Hfzéq) 2,11 (m, J = 1. 5 5.25, 15. 5 Hz,1§ Hy He2 ),

2cnmcnzx,a.m (@, J = 5.5, 7 Hz, 1 H,

Y. 4,45 (br 4,
exo do _ ‘ .

J =5.5Hz, 1 H, H=5), 5.08 (br d, & = 5.25 Hz, 1 H, H-3),

5.17 (m, 2 H, -CH=CH,), 5.60 (br s, 1 H, H-1), 5.89 (m,

. lAHyf'CHFCHZ),,7.44;’8 1 (three setssbf‘m, 5 Hy aromatdc

3 22.6 MHz) ppm 33. 50 (c- 2),
35.25_(—9HZCH=CH'), 42.67. (c—4), 67.79 (C-6), 69. 77, (c-3),

75?99 (c-5), 100. 15 (c-1), 117.71 (~CH=CH,), 128 47,

‘129 60 and 133 04 Taromatlc carbons), 135.52 (—CH—CH ),

)

16818047

$274.1205). Anal Caled for CjcH, 0,: C, 70.05; H, 6.61.
Found: .C, 69.86,§ , 6.57. ’
’u_g_fa’ T
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b
1, 6—Anhydro-t}—c— (2-ethanal) 3-O-benzoy1—2 4-

dldeoxy—s—D~grablno—hexopyranose 37 : A«stfeam of oZone;f

was passed ;Lto a cold (-78 C) solutron of 36. (0. 34 g,‘

1 2 mmol) in methanol (10~mL) untxl a blue‘coioratlon

. developed NltrOgen was then passed throuqh the solutlon
, for 10 m1n and then an excess of dxmethyl sulflde (0 5. mL)
- wWas, added. The mlxture was allowed to stand at room‘tv», f o
7temperaturer%vernlght and it was then concentrated i Flasn
,chromatography of the residue over 3111ca gel (l 5 x 15 cm)
u51ng 2:8, ethyl acetate——hexane gave 37 (0 '3 g, 88%)

as a whlte, homogeneous (TLC, 51llca‘gel,L3 7 ethyl
acetate-hexane) solid. The compound had.g m.p..88—f91écr
“quég - 118.2° (c 1, cHa1 )};IR (CHC1,) 1717, 1710, 1600,
1115, 1017,,867 em™t; MR (cnc13, |
J = 15.5 Hz, 1'H H-zeq) 2. 10 (0% J”=Q2;j5{25E 1S.§;Hz,'

400 MHz) '§-2.00 (br d,

‘1 H, 2ax); 2 54 (br g, J = 5, 9 Hz, 1 H, H*é)r
2.73 (m,-3 = 1, 5, 18 Hz:_l a) and 3.11 ‘G, 7 =1, 9,

18 Hz, 1 H) (~CH,CHO), 3.89 (@, 3= 6, 7 Hz, LHy H-6_ ),

| 2 exo’ /. 4
-_,4.40 (q, J = 1, 7 Hz, 1. H, H-6, do);'$f45~(br:d’ J =6 H%,» o
1 H, H-5), 4.97 (n, 1 H, H-3), 5.61 (br's, 1 H, H-1),  °'. %

‘-fz7;48 (m, 2 H), 73 59 (m, 1;F)‘and'8'07 Km;"27H) (aromatlc ’

protons), 5.8 (d, J = 1 Hz, 1 H, ~CHO);- MR (CDCl
100.6 MHz) ppm 33.69 (t/ c«2), 37.52: . %gg c-4), 44.70 (t,
- -CH CHO), 67.63 (£, - 6), 69.78 @g“cﬁs), 73.94 (@, c= 5),

; 99 97 (a, c- 1), 128, 39, 129,49, 130,10 and 133. 05

P
i

~
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(aromatlg carbons), 165.67 (s, —oogghl;j199,63,(d,=;§go);
\ . v s

exact m§ss 154, 0629 Icalcd for C8 10 3 M - C,H 0,1,

776 2
154 0630], mass - (chemlcal fon;zation, NH3) 294 (M +. 18)

%Fal Calcd for C15H16 5% C{ 65,20, H,.5.83.

Fqund C, 64.92; H, 5.95,
. IR .
N
o N
.I ? * v
- ’ ) /
; \ : . \
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fCOncentrated,'redissolved‘1n ether (100 mL), filtered ‘and

153

‘1,6—Anhydro—2;4—dideoxy—4§§;16—(methoxycarbonyll~2thex«2—eneJv

o

Q—D—arabinoéhexopyranose 38. (4—CarboxybutylLtrlphenyl— h K

phosphonlum bromlde (3 49 g, 7 8 mmol) was added in one lot

dto an lce—cold solutlon of potassxum t—butoxrde (1 76 g,
-15. 6 mmol) 1n dry THF (10 mL) " The resulting dark red

4solutlon was stlrred.for 40 min at room temperature and

then a soiption (3 mprlust.s'mL as rinse) of the

'_aldehyde 37 (0.540 g, 1.9 mmol) in dry THF was injected

‘over 5 min. Stirring was contihued for 45 min, the mixture

TN

was brought to pH 2 by'addition of satnrated aqueous sodium
dlhydrogen phosphate and then the solution was extracted

with ether (4 x 75 mL). The ether layer was' drled ‘ »

o

.COncentrated. The resulting oil was evaporated from
. oL . ) : B . ) - ' TN ’ ‘_b ! .
toluene (50 mL) and stirred for 48 h with sodium methoxide

«(0,75ag,1i3,8‘mm01) in dry'methanoL,(lO‘mL)."The solution

was acidified with saturated aqueous sodium dihydrogen
-

fphosphate and extracted Wlth ether (4 x 60 mL)

: The extract was drled, concentrated dlssolved in

d;chiorg@ethane (10 mL) and was treated with an excess of

'diazomethane. Excess of reagent was destroyed by addltlon

’ «'of small portlons of 51lica gel and the solutlon

Lwas flltéred, The flltrate was: eyaporated and flash

. ’ . r 4 -':.
chromatography of the resldue over silica gel (3 x 14 cm) e

with 4:6 ethyi,acetate~—hexane‘gaﬁe 38 (0.348 g,
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154 .
| 64% overall yleld) as an appnxently hgmogeneous (T1C, sxllca,
1:1 ethyl acetate——hgxane) o;l‘ The compound .had:

12 - 61.2° (g 1,.CHC1 ), TR (film) 3480; 1730, 1437,
1127, 1o4é,ggg> WMR_ (cpCly, 400 MHz) § 1.71 Gm, 2 1,
~CH CH2COOCH ), 1 83 (br t, J = 7.5 Hz, 1 H, Hv4),

:0)
1.8% (br d, 3

n_

15.5 Hz, 1 H, H~2 x)f 2,04 (m, 0 = 1 5,

5, 15.5 Hz, 1 H, H-2 q), 2, 12 On, 3 H, -CHCH-CHCH2CH2 ),

'2.30 (m, 1 H, —CHCH—CHCH2CH —), 2.33 (£, T = 7 Hz, 2 H,

Ly

-coocu ), 3 70 (m, 1 H, H—3), 3.79 (q, 3,= 5, 7 Hz, 1 H,

)., 4.37 (br d,

J 5 Hz, l H, C(5)—P), 5747 (m, 2 H, vCH=CH ), 5.60 (br S,

1 H, H-1); CMR (CDCl,, 100.6 Miz) ppm 24.72 (€,
®

COOCH3)f 26,58r(t,»—932CH2CH2COOCH3), 28.81 (t;

CH=CH-), 33.39 (t, -CH,COOCH,), 36.19 (t, C-2),

~CH,,CH

| 2772
C(4)-CH,

45.63 (d, c-4), 51.36 (g, -COOCH,), 67.94 (t, C-6),
68.10 (d, C-3), 74.78 (4, c-5), 101,20 @, c-1),
CH=CH-),7"

128.04 (d, c(4)éCH2cn=CH—),‘131.1o (@, C(4)-CH
S -

"2
173.87 (s, COOCH ); Tass (chemical . 1onlzdtlon, NH )
288 (M + 18), 271 (MHi{¥iE? (MH - H. O),.exact |
mass®252.1358 [calcd for C)4Hp00, O - gzo); 252.1362],
239 1282 Icalcd for C13H19 na
‘Anal, Calcd’ for C14 22053 Cy 52;2Q1\H,:8,20,

(™ ?/QCH3;, 239.}283]T

Found: C, 62 44# H, 8.24,

T
& ,
"
o
o R :
. ‘ :’“iw‘.‘; .
:..ﬂ g >
‘ 5y
2 » e ;
b @ _,@ I -
"N &) ..0,\6, 5
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/

1,5-Anhydr%:;,4—dide0xy—3—gymiirinesu1fony1,4vgﬁl65(methoxy-
. 1 .

W ~
A or g - N LER S an -

carbonyl)—2z—hex—2fene]éB%D*arabinOrhexopyranose g%.

~

Meﬁhénesulfonylicﬁloride (0,178 g, 0,12 mL, 1,5 mmol)

wes adoed dropwise to a»mixture of alcohol 38'(0 337 g,

1. 2 mmol) and trlethylamlne (0.189 g, 0, 26 mL 1.86 mmol)
1n dry dlcploromethane (5 mL) The mlxture was stirred

at room temperature for 15 mln ana was then dlluted w1th
dichloromethane (75 mL) . ' The organic phase was washed with
hydrochloric acid.(2'N$20 mL), satﬁrated_aqueous sodium
bicarbonate (26 mL), water (1 x 20 mL), brine (20 mL),
;aried and evaporated. Flash chromatography of the residue

over 5111ca gel (2 x 12 cm) using 1:1 ether-yhexane gave 41

™~ A

(0.369 g, 85%) as an apparently homogeneous (TLC, 5111ca gel,g

1l:1 ethyl acetate——hexane) oil. The compound had:

[a]g3 . 51.5° (c 1, CHC1,); IR (£ilm) 1730, 1436, 1340,

1170, 870 cm '; NMR (CDCl,, 400 MHz) 6 1.71 (m, 2 H,
CH,CH,
—CH2C§2CH$CH—), 2.22—2.40 (m, 2 H, C(4)-CH

CH‘COOCH3), 2,01—2.14((m, 5 H, HH-2, H-4,

2CH=CH),

2.33 (t,,J = 7 Hz, 2 H, -CH,CO0CH,), 3.03 (s, 3 H,

+o3scg3), 3.64 (s, 3 H, -COOCH3), 3.78 (g, J = 5.5, 7 Hz,

1l H, H"Gexo):‘4.22 (¢, 3=1,7 Hz,ﬂl H, H—ﬁendb)'

4.34 (br 4, J = 5.5 Hz, 1 H, H<5), 4.72 (m, 1 H, H-3);
5.42—-5.60 (two sets of m, 2 H, -CH=CH-), 5.54 (r's, 1 H,

H-1); OR (CDC13, 50.3 MHz) ppm 24.44 (£, ~CH,CH,COOCH,) ,

26.38 (t, -CH,CH,CH=CH-), 28.27 (t, C(4)~CH,CH=CH-),

2=

7
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33.12 (t, -CH,C00CH,), 33.78 (t, C-2), 38.57 (q, -0,5CH;) ,
43.55 (d, ¢ 4), 51.17 (q, -C00CH ;) , 67.31 (t, C-6), 73.57 (4, c-5),

2
131.87 (d, C(4)—q{2cn=g{-), 173.52 (~QOOCH,) ; mass (chemical

76.61 (4, C-3), 99.15 (4, C-1), 126.61 (d, 'C(4) ~CH CH=CH-) ,

ionization, NH;) 366 (M + 18), 270 [(M + 18) ~CH_SO,H] . o
Anal. Calcd for C15'H2>4O7S: C, 5]:.70; H, 6:90; 8, 9.20.

Found: C, 51.46; H, 7;00; S, 8.93.
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!

Synthesis of 42. A solution of mesylate 41 (0.572 g,

1.64\mmol) in absolute methanol (15 mL) was treated with

q%ry Amberlite YIRA-120 (H+) resin (1;25'9). fThe‘mixture
was stirfed at room temperature for 60 h. The resin
was removed by filtrafion and the filtrate was evaporated.
Flash chromatogfaphybof the residue over éilica gel |
(1.5 x 12 cm) using 4:6 ethyl acétate—hexane gave starting
material 41 (0.032 g), followed by 42 (0.536 g, 90% yield,
95% COnversién)'é§ a mixture of &—-and g-isomers (a/Blratio!
ca. 85:15, NMR). The o~ and g-isomers were not seperable
at thiS»Stage by column chromatographyn The mixture
was used for the next step without-furiher phrifiééfidn.
The 3pectréi data for tﬂe a-isomer were obtained usiné this
material. The compound had: IR (film) 3520, 1730,

1

1170 cm ©; NMR (CDCl., 400 MHz) 6§ 1.69 (m, J = 7.5 Hz, 2 H,

3
HH—3),‘1.91 (m,; 2 H, H-8 and H—loai), 1.99 (¢, 1 H, J = 6 Hz,

-OH), 2.09 (br q, 2 H; HH-4), 2.16—2.30 (m, 2 H, HH-T7),
"2.32 (t, J = 7.25 Hz, 2 H, HH-2), 2.41 (m, J = 1.5, 5,

12.5 Hz, 1 H, H-10_), 3.05 (s, 3 H, -O;SCH), 3.33 (s,

3
3/H, -OCH,), 3.68 (s, 3 H, -COOCH;), 3.62—3.84 (m, 3 H,

H-12 and HH-13), 4.86 (g, J = 1.5, 3.5 Hz, 1 H, H-11),
4,98 (m, J =5, 11 Hz, 1 H, H-9), 5,49 (m, 2 H, ~CH=CH-);

CMR (CDC1,, 50.3 MHz). ppm 24.48 (t) and 24.56 (£) (C-3 and

c-7), 26.79 (t, C-4), 33.42 (&, c-2), 37.28 (t, C-10),

3
54.74 (g, -OCH,), 62.98 (t, C-13), 71.57 (4, C<l2),

38.82 (g, -O,SCH;), 41.49 (4, C-8), 51.45 (q, -COOCH;),
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©77.35 (@, c-9), 98.19 (4, c-11), 126,00 (d, C~6),.
131.09 (d, C-5), 173,87 (~COOCH,); mass ‘(chemical

ionizationy NHy) 398 (M + 18], 366 I(M + 18] < CH,OH] .

/
: /
"/“‘ "
A0 /
/
/
» /
L 4
L]
a3
/
C 4
-
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#

Sydthesis of ﬁ§~ solutiort coAtaining ﬁ% (0.51 g,
1.34’mm011 in dry.giéhlorqmethane (10 mL) Qas.added
rapidly to a solution of the Collins reagent prepared
- from chromium trioxide (1.46 g, 14,6 mmol) and dry
pyridine (2.30 g, 2.36 mL, 29.3 mmol) in dichloromethane
(90 mL). After being stirredvigproﬁsly‘for 1.5 h )
" the mixture was partitioned between ice-water (50 mL)

and dichloromethane'(lo‘mL). The oréanic layer waé washed
with water (3 x 50 mL), brine (50 mL), dried and evaporéted.
The residue was dissolved in toluene (50 mL) and again |
eVéporated.ﬁ Fléshichromatography over silicargél A .
- (1l.5 x 15 cm) using 4:6‘ethy1 acetate—hexane gave

the aldehyde 33 (0.38 g, 74%) as an apparently homogeneéus
(TLC, silica gel, 1:1 ethy}‘acetate——hexane) oil. "’
The spectral data for the d—isomer»were obtained using _
this material. The compound had: IR (film) 1735, l4£6?§1

1355, 1175 cm 1; NMR (CDCl,, 400 MHz) & 1.71 (m,

J = 7.25 Hz, 2 H, HH~3), 1.98 (m,/2-H, H-8 and H-10_)),

2.07 (m, 2 H, HH-4), 2.32 (£, J = 7.25 Hz, 2 H, HH-2),

2.32—2.4" (m, 3 H, HH-7 and H-10 ), 3.05 (s, 3 H,
~0,SCH,), 3.4.(s, 3 H, -OCH;), 3.68 (s, 3 H, ~COOCH;),
4;02 (g,.J = 1.5, 9.5 Hz, 1 H,‘H—lzl, 4.95 (t, f H, H-11),
5.03 (m, J = 5, 10 Hz, H-9), 5,40—5.55 (m, 2 H, H~5 and
B-6), 9.48 (&i\g/j/l,S‘Hz, 1 Hy -CHO); CMR.(CDCly, '
50.3 MHz) ppm 24.21 () and 24.38 (t] (C-3 and C~71,

26,57 .(t, c-4), 33.23 (£, C<2); 36.03 (t, c®lo),

\___/



38.69 (q, -d,SCH;), 40. 66 (4, C-8), 51.27 (g, -coocn ), ‘
55.19 (q, -OCH 3} 75.19 (4, c-12), 76.54 (d, C-=9), ‘
97.94 cd, c-11), 125.07 (d, cvs), 132.16 (d, Ce5),
173 36 L—-COOCH ), 198, 12 (_d, »CHOI; mass chmnrca].

:Lonlzatlon, NH,4 ) 396 (M +. 18)
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Synthesis of 44 and 45, pi:metnyl (2-oxoheptyl)-
T
ph§§phonate (p.205 g, 0.19"mL, 0, 92'mhgq) was added

dropw1se and with stlrrlng to a cold (0 C) suspension of

pota551um t-butox1&§ (0. 103 g, 0,92 mmol) in toluene

o
(10 mL). ° The mixture was. stirred at room temperatu;e for.

1 h and then a solution (3 mL plus 1 mL rinse) of aldehyde#
é% (q.28 g, 0.73 mmol) was added slowly, The solution
wasdgiirredofor an additional 15 min and then it . v,‘
was di;uted with ether (lOO'mL). The orgenic }ayer

was washed with 10% aqueous, sodium dihydrogeo\;%osphate/
(2Q mL); water(%eo mL) , brlne (30 mL), dried and
concentrated Flash chromatography over silica gel3

(14 5 x 16 cmh usxng 2 8 ethyl acetate——hexane gave 44

”(0 229 g, 66§)l mlxed fractlons (0.0567 g, 16. 7%) and

fM*‘ 1 L
3

-45 (0 0164 g, 4. 7%) (total yleld 87%) in that order.

Y .
Comppund g4~pad a2 e 71 fc 1,%CHC1;); FT-IR (£ilm)

| 2953 .29334, 1735, 1697 1676, 1355, 1174, 1046, 939,

“894»Gm¢15 NMR %cncl 400 MHz) § 0.90 (t;. 3= 7.0 Hz, 3 H,

3'
CHZCH a,f. 31 (m,* 4 H, HH:18 and HH-19), 1.58—1.82 (m,

& . »
5 Hj- HH{3 HH 17 and H-8), 1. 95 (m, 3 =4, 11, 12.5 Hz,

1 H H*L@ ), 2 06 (br g, J'= 7.25 Hz, 2 H, HH- 4y,
o2 26 @mp 2 H HH-?), 2.31 (¢, J = 7.25 Hz, 2 H, HH-2),

2. a4 Am, J = 1 s 5, 12.5 Nz, 1 H, H-10 Iy 2,55 (£,

J = 7 25 Hz, 2 H, HH—lG), 3 03. (s, 3 H, o3scn3), -

3.31 (s, 3 H, ~OCH;), 3. 67 (s, 3 H, ~COOCH 3 4.20 (br q,

g = 6,\»10 Hz, 1 H, H-12), 4. 87. (br 4, g = 1.5, 4 Hz, 1 H,

-



162 .

o T‘y- c
- T ‘ - o
AQ;H—ll), 4.99 , 3 =5, 10 3, 10,5 Hz, 1 . HvQ), 5 45 Qn, H,
_ H-5 and H-6), 6.34 (q4)0 16 Hz, 1 H, H—14I,A6 75 (q, ;';,j
"J"ﬁ 6, 16 Hz, 11, H—lB), CHR' (CDCl 10046 Miz) o

ppm 13 89 (g, C 20), 22,46 (t C*lQ), 23 69 ), 24 58 (t)

and 24.70 (t) (c+3 €=7 an ‘ze 92 (t c—4),v v'.-” L,

31.47 (&, c-18),. 33 43 (t c- 2),'37 27 (t Cle),:_

3
‘51,53’1g;>fcoogHB), 54.96.(q,’—0CH q,,7o 53, d, c- 12),

38.90 (g, -0, SCH ) 40 67 (tﬁ c 16), 46.08 (d, C- 8),»'Q

,v25 87 (4, "c- 6),

77.12 (4, €=9), 98.36 (d, c-11),

©130.93 @, c414>, 131,32 (d, C-5) 141 68 (a c- 13),

[
17380 (s, c- 1);_200 12 (s, c— 5), mass (chemlcal .
xlonlzatlon, NH;) 492 (M + 18), 396 [(M b 18) - cn3so H],"
“364 [(M o+ 18) (CH SO3H¢+ Ch30H)] Anal. Qalcd for 

23 3808S

'8.19; S, 6. 56 f’ S C;_

I A ;g } ' - B F:;.\u .
Compound 45 had. Iqjg3 - 10 (c 1 CHCl ),~ B :

‘¢, s8. 2071, 8.07; s, 6. 75, -Found: C, 58.50;

”giFT_IR (fllm) 2930 1735 1(00, 1675 1357, 1336~.1174 S
1057, 932 cm } NMR (CDC13,_360 MHz) J o 90 (t,f g§ 7.0 Hz;"“ |
3 H, -CH,CH, ), 1. 32 (m, 4 H, HH—18 and HH-19), 1.63 - ’ T
. 2wy and 1.91 (m, 3 H). ;HH-17, HH—3 and H—8), | | .
: ;lm;m,lH,Hﬂ0),207uquJ~7ﬂL ﬁ,? o 1:‘ri" ' ”
'“, 2 H, HH-4), 2, 29" me 4 H,.HH-7 and’ HH—Z), 2.54. (m, 3 =2, - |
\'#if,s 15 Hz, 1 H» H- 10 q) 2, 55 (t, 357,25 Hz, 2 H, ﬁH 16),_% e
. 3.06 (s, 3 H,. O3SCH3)V\3 52 (s, ; H, vOCH ) 3 68 (s, 3 H, !
L -coocn ",3 88 (m, J o=, 25, 5.75, 10 Hz,»l H, H—lz), '7V'f'kj

- 4.41, (q, Joe 2 9. 25 Hz, 1 H, H—11), 4 74 (m, ‘:,;)

Mo
R



R SO e //' : 3

'3 = 5, 10.25 Hz, 1 H, H-91, 5,41 @, 1 1) and 5.5 G, 1H)

(B~5 and H-6), 6, 37 Qq, J m 425, 15,5 Hz, 1 He H514L,
6.78 (@, J = 5. 75, 1& 5° Hz, 1 H, H—131; cmk (cnc13, |
‘ 100.6 MHz) ppm 13. 86 (c—zol,,zz 42 (c-191, 23. 66 24 20 and
24.53 (C- 3 C-7 and c- ~17) ¢ 26.87 (c~41§ 31. 43 oc—ls), |
33,38 (c 2), 38 50 (C+10), 39, 28 (-o SCH }. 40, 76 éc 16),
45.59 (C- 8), 51 41 (—coocn )» 56. 65 (—OCH ), 74, 39 (c 12),
78 06 (c- 9),.100 01 (C-—ll), 125 21 (c—6), 130 84 (c 13)5
131.70 (c 5) . 140.75 (c- 13), 173. ;72 (~COOCH ‘3 : ., »&:3‘
| 199. 99 (C 15), mass (chem:.cal J.onlzatlon, NH ).
'_'492 ™+ 18),°39 I(M + 18) - CH3SO H], 364 [ 4 18) -
(CH3SO H + CH OH)], exact mass. 442 2023 Icalcd for 4 |
22 34O7S (M r CH OH), 442 2026], 346, 2146 (calcd for .

b4,[M - (CH SO3H + CH OH)J, 346 2144),

21
1317.2109 (calcd-for C20H2903, 317. 2117), 315. 1960 (calcd
"féi/976H27 B,EM“?&(QH SO3H t‘CH3OH + CH o)]:;315 .19609 . H ‘y
| ff\ |
‘\J i - |
_ . y
! m'.\v\ N ‘.. ..\\. .~
% N ; yos - \
l : I




164
' , . : : . .
Reduction of 44fand isolation of the e (15)"

. dlastJﬁeomerlc alcohols 46 aqd 47, A solution,of the enoan
‘ - W , :

v44 (57 mg, 0.12 mmol) in absolute methanol (a, mL plus 0 5 mL)

1‘inse) was added dropwise to a cold (<40 Cl solution (3 nL)
of sodlum borohydrlde (17 3 mg, 0 45 mmol) The mlkture ;
was stlrred g%r 1.5 h and exdess of reagent was destroyed

by»addltlon of 10% aqueous sodlum‘dlhydrogen'phosphate

© 3 mL) - Most of the methanol was evaporated ‘and.

" the re51due was extracted w1th eEher (3 x 30 mL):
‘lThe ether 1ayer was washed w1th water (2 X 20 mL),
brine . (20 mL), dried and evaporated Flash chrdmatography |
i of the re51due over silica ‘gel (1 X 19 cm) u51ng 3 7 ethyl
acetate—-benzene gave 47 (23 mg, 40%) asgz homogeneous S
(Rf O. 38,'TLC, 51llca gel, 1l: l ethyl acetate——hexane) 011
and 1ts “C(15)“ eplmer 46 (21 mg, 36%) as a homogeneous".‘
(RE. 0. 31/‘TLC, s¥lica gel, 1 1 ethyl acetate——hexane) oil.

jé§§$ound 47 had:  [p15% + 37.8" (o 1, CHC1,); FT-IR (£ilm)

D
3480, 2951, 2931, 1735, 1353, 1337 1174, 1126, 1048, 972,
944, 894 cm %; NMR (cnc13, 400 MHz) 6 0.89 (£, J =7.25 Hz,
3, cnzcn )y 1.25—1.37 (m, 6 H, HH- 17, HH-18, HH- 19),

1. 47——1 59 (m, 2.H, HH- 16), 1.62—1,76 (m, 3 H, H-8 and
HH- 3), 1.93 (m, J -\3v5 11, 12, 5 Hz, 1 H, H-lO ),f

;

32 05 (br q, '3 H, ~OH ‘and HH—4), 2, 24 (br ty 2 H, HHv?),

% 2 32 (t 3= Hz, 21, HH—Z), 2, 42 (m, F = 1.5, 5, 12.5 Hz,'.
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3.67 (s, 3'H;‘ ~COOCH;1, 401 (q, J =7, 6,\&0 5 Hz, 1 H, )
H- 12), 4.17 (m, 1 H, H—15), 4,83 (br 4, J = 1,5, 3.5 Hz,
1 H H-11), 4.99 (m, J =5, 11, 11. 25 Hz, 1 H, H-9),
"5 42 Qm, 2 H, H-5 and H- 6), 5.65 cm, J =1, 7.6, 15.25" ﬂ!,
1 H, H- 13), 5.79 (g, J = 6, 15 25 Hz, lvH,‘H 14) 5.

CMR (CpCl,, 100, .6 MHZ) ppm'13 86»(c—20),‘22 56'(c-19), 
24.57, 24.94 and 25.11 (C-3, c-7 and C- ~17), 26.88 (C- 4),
31.72 (c—18), 33. 40 (c-2), 37.13 and 37 36 (C-10 and C-16),

~

38.88 (- 0,SCH, ), 45.88 (c-8), 51.51 (—COOCH ),
54, 78 (—ocn ), 71.80 (c~12), 72, or (c- -15),.77.80 (C-9),
198.22 (c- 11), -126.26 (chs), 120 54 (c-13), 130.64 (c- 5) ;-

_ o
,138 25 (c- 14), 174 28 (—COOCH3); mass Qchemlcal 1onlzatlon,

. NHj) 494 (M +‘18),.36? (CH»SO‘H + H o)], 331 IMH -

3 ‘o

(CHBSOBH +‘H20 + Cﬁzoﬁ)f;vexact mass 362 2460 {(calcd for

C22M340q M= SO3H + 1,011, 362, 2457)",
330.2191 (cjlcd for. c,1H3005'1u - (CHyS0,H + 1,0 + ca OHt?'

330 2195)'s' | .

23 7,0

Compound 46 had [a]D‘ + 47 (c 1 CHC1 )’,°
g IR (£ilm) 3480, 2951,L2931, 1735, 1353, 1337, 1174,
1123, 1047, 940, 893 cm -1, “NMR (cnc13, 200 MHzZ) § 0.89 (¢,

'7.25 Hz, 3 H, —CH2CH ),v1 20—1.40 (m, 6 H, HE-17, -

HE- 18, HH- 19), 1.46—1.58 (m, 2 H, HH-16), 1.60—1.77 (m,
3 H, HH-3, H—8), 1 79 (d, IS5 Hz, 1H, -0H), 1.93 on,iii
5= 3.5, 11, 12. 5 Hz, 1 H, H—lO x) 25 05 (br q, 2 H, HH-4),‘
2.24'(%§§ 2 H, H-7), 2. 31 (t, 3 =7 Hz, 2 1, HH—z), |
2642 fﬁ>:J:='1,5( 5, 12.5 Hz, 1w, H—1o‘ ),',,nl_(s,_3 H,;'\s
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-0,5CH,), 3.32 (s, 3 H, ~OCH 3l ¥.67 (s, 3 H,-ecoocn~i," |
4.04 (q, J = 7. 6,‘10 5 Hz, 1 H, H—121, 4,13 Om, 1H, HvlS), -
4.83 (br d J = 1.5, 3,5 Hz, -] H, H-11), 4 .98 Gn, |
'j‘J'_,= 5, 11 11 25 Hz, 1_ H, H—-9), 5, 44 (m, 2 H. H-—S and H-—6), ‘
5. 66 (br q, J ="7.5, 15 5 Hz, 1 Hy H—13), 5.84 (a,

J = 5, 15.5 Hz, 1 H, H-14),,CMR (CDC1., 100.6 MHz) °

3 |
Ppm 13.94 (C-20), 22:55. (C-19], 24,58, 24,86 and

25,06 (c-3, C- -7 and C- 171, 26.86 (C- 4), 31,71 (c- 18), e

©.33.42 (c 2), 37 .08 and 37 33 (C—lO and —16),

38. 87 (-03SCHy ), 45 77 (c-8), 51, 44 (-coocu |
54

*oc1;3), 71 67 (c~ 12), 71.87 (c 15), 77 74 (c—9),

,

~98.20 (C—ll "136 04,4&—6},‘127 79" (C 13), 130 66 CC~5),

T

- 138 01 (C 14), 174. 18«(~C§QCH ), mass (chemlcal 1onlzat10n, &”.»'
’# . . ~
- NH, ) 494 (M ¥ 18), ;63’3MH - (cH SOBH +&5zo)].

. P o
_331 [MH - (cH SO3H + H20 + CH OH)J, ,gxact mass 444 2156

5 o 4 ‘;‘ﬂ R »
Icalcd for C22 36078 (M CH OH),»444 2182], e o

. 425 2067 (calcd for C22H34 6s M - (CHBOH + H 0)],_

"426 2076), 362 2453 (calcd for C22H34O4 ™ -

(CH SO.H + H, ofT, 362 2457), 349. 2370 (caldd for

3

€2, 3304 M -

.for c21}132o4 [M - (CHBSOBH + CH OH)J, 348 2300), .

»330 2191 (calcd for C21H3003 M <. (CH3SO H + H

'330 2194),‘299 2007 (Calcd for C20H27O2 JM -

2O + CH30H + CH OL] 299 20111, 291 1591 (Calcd

M (CHBSO H + H20 ¥ fo Hlllji 291 1596),

(CH SOBH +/CH 0)]; 349 2379), 348 2298 (Calcd

2O + CH OH)],

.(CH3SO3H + H

.f°r C17 2304 1

,221 1536 (calcd for §24H ,”Im,- (CH3SO3H-+CH§}1+ R
‘ Sk . i

SN < , S



[

s

_CH‘=CH(CH2)3COOCH3”"' 221, 15421 |

%

6t
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Synthe51s of "lS—S“ benzoate 48 Benéoyl chloride

A

(0.05 mL, O 4 mmol) was added to a solutlon of thekﬁlcohol

46 (12 mg , 0 025 mmol) and dry pyridine (0,025 mL,- "

o. : /f

was stirred at room temperature for 5 h. Most

////

thefdlchloromethane was evaporated and the re51due

‘was dlluted with pyrldlne (0 S.mL) and wate! (0.5 mL)

.The_mlxture was allowed to stand for 2 h. The mixture

E I 4

was then extracted w1th ether (3 x 15 mL), the ether layer

¢

. was washed w1th saturated aqueous sodlq?‘blcarbonate

(2 X 10 mL), water (10 mL), brine (10 ;i dried gnd
'concentrated. The residue was dlluted 1th 5oluene (10 mL)

and was agaln evaporated._ TLC'of the re51due over silica

gel uS1ng 4:6 ethyl acetate—+hexahe dave 48 (13.5 ng, 92%)
k5

as a homogeneous‘?TLC, silica gel 3.7 ethyl

0.9 mmoly: in dry‘dlchlorometﬁane (1,5,mL), The solution

acetate——hexane) 6il.’ The compound had. [akD + 40 (c 1;

-‘cnc1§4, FT-IR (film) 29307 1735, 1718 1450, 1335 1272,

1175 cm™1; NMR (CDc13 400 MHz) 6 0.87 (t, T ®7.25 Hi.;.‘

3 H, ~-CH CHy), 1.27— —1.35 m, 6 H, HH-19, HH-18, HH-17¥,

2

1.57—1.84 (m, 5 H, HH-3, H*8, HH-16}, 1.92.(m,

“ﬁ'='3.5,‘11, 12.5 Hz, 1 H, H-lO 1 ''2.02 (m,\z H, HH-4),

. 2.13—2.25 (m, 2 H, HH—?), 2,28 (t, J = 7 Hz, 2 H, HH-2),

2 41 (m, J = l 5, 12.5 Hz, l H, HrlO 1, 2.&9 (s, Bqﬂ,

eq
~03SCH;),. 3.31 (s, 3 -H, ~OCH3}, 3,66 (s, 3 H, ~COOCH S
4.03 (q, T = 7.4, 10 5 Hz, 1H, H-lz), 4.82 (®r d, J = 1. 5,

,J .

;3 5 Hz, 1 H, H—ll), 4.97 Gn, J = s, 11, 11 25 Hz,: f H, Hv9),



Fyn RS

'x‘ ﬂ‘ N

®

/C

169~ -
. a

5. 4 (m, 2 H, H-5 and H-6), 5,55 (br, g, 1 H, Ral5),

5. 72 (m, J =1, 7.4, 15,25 Hz, 1 H, H—13), 5.85 (q,

J =5, 6, 15.25 Hz, 1 H, H-14), 7.42 (£, 2 HI, 7.54 (t, 1 H)

and 8,04 (g, 2 H) (aromatic protons), E&R g(SDcl

100.6 MHz) 9pm 13)91 (C<20), 22.43 (c—19), 24~58 24 66 and

24 82 (c 3, ce7 and Cv17), 26.78 (C-4), 31.52 (C~18},

33.39 (c-2), 34.33 (C- 16L¢ 37%26 (cvlo), 38782 (-0 SCH ),

45,75 (c- 8), 51,37 (—COOCHB), 54.82 (-OCH,), 71.44 (c—12),

73’72;; 15); 77.51 (C-9), 98.12 (c-11), 125'77~(C—6),

.29, ff9 38 129,54, 130 83, 132 66, 132. 83, 165. 67

P ’/\‘?

(—OOCPh), 173 74 (- COOCH 1. mass (chemlcal kpnlzatlan,uqﬂwwmgﬂ

NH ) 598 ™ + 18), exact Vmass 549, 2518 [calcd for
C,q 41085 '™ - cH 0), 549,297, ‘453, 2621 (calcd for

28 37 5 M —_(CH SO3H + CH O)J, 453, 2641), 331. 2246 (calcd.

for C (CH 0 + CH SO3H + PhCOOH)], 331. 2273),

5183105 M - 3

330. 2193 (calcd for C21H3OO3 IM < (CH OH + CH so H +

3773
PhCOOH) ], 330, 2195)

iy
-t
. v:'/
S S
S
‘



. | S _ 170

Synthe51s of "15-R" benzoate 49, Benzoyl chloride

——X

(0. 05 mL, 0.4 mmol) was added to a solutron of the alcohol
47 (13 mg, 0.027 mmol) and dry pyridine (0. 075 mL,

‘O 9 mmol) in dry dlchloromethane (l 5 mL), The solution
was strrfed at room’ temperature for 8 h, Most of |
th//dlchloromethane was evaporated and re51due was dlluted
with pyrld@%e (0. 5. mL) and water (0.5 mL). The:mlxture
was allowed to‘btand at room temperature for 2 h. ' 'ﬂf
The mlxtureayggﬁﬁhen extracted w1th ether (3 x 15 mL),

mﬂuﬁe ‘ether . layér wagw%ashed w1th saturated aqueous sodlum

aod

blcarbonate e x ‘10 mL), water (10 mL), brine (10 mL),

dried'and:ebh orated The residue was diluted with

toluene (lS mﬁ) was agaln evaporated TLC of the re51due
over 3111ca gel u51ng 4.5:6.5 ethyl acetate—*hexane

gave 49 (12 5 mg, 80%) as a homogeneous (TLC, silica qel
4

3:7 ethyl acetatej—hexane) oil. The compound ‘had:

(123 + 31.5° (c 1, CHC1;); FT-IR (film) 2930, 1735, 1718,
-1

'1450 1355"1212, 1175 “cm H NMR (CDCl 400 MHz) .

3’
§ o 87 (t J 7 25 Hz, 3 H, CHZCH3)' 1. 25-—1 45 (m, 6 H,
- HH- L7, HH-18 and HH 19), 1.5° on, J = 7 Hz, 2 H, HH-3),

1.67—1.85 (m, 3 H, H-8 and HHlel,- 2 (m, 3 H, HH-¢4 and

H- 10 x), 2,15 (m, J = 7 Hz, 2 H; yh-2), 2.22.(m, 2 1,

CHH-7), 2.42 (m, J = 1. 5, 5, 12,5 Hz, 1 H, H~10 oqls 299 (s,
3 H, o3scH ), 3.31 (s 38, ~OCH, ), 3.64 (m, 3 H, -
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4.82 (br 4, J = 1.5, 3.5 Hz, 1 H, H-11), 4.92 (m,

J.'= 5, 11, 11.25 Hz, 1 H, E-9), 5.32 (m, 1 H) and 5,42 (m,
]: H) (H"S and H'TG)( 5153 (.br q( l H( H?lS)' 5-8 (Xn, 2 H'
H-13 and H-14), 7.42 (t, 2 H), 7.54 (t, 1 H) and

8.04 (g, 2 H) (aromatic protons); CMR (CDCl,, 50.3 MHz)

3¢
o 6.1‘§86 (Cv20), 22140 (C-19), 24.40, 24.62 and 24.77 (c-3,
C-7 and C-17), 26.68 (C-4), 31.47 (C-18), 33.26, (C-2),
34.34 (c-16), 37;26,xC—1o), 38.78 (-0,SCH;) 45.74 (c-8),
51.32 (~COOCH,), 54.78 (vogné), 71.52 (C-12), 74.32 (C-15),
77,47 c-9), 98,15 (c-11), 125.86 (C-6], 128.17;‘128.29,
129.50,\_130.50,. 130.71, 132,59, 132.83, 165.67 Q‘('-OO'gPh),'
",173:80 (-JQOQCH:;); mass (chem:écal ionization NH,) |
598 (M + 18); exact m’ass 549.2514 [calcd for 'C‘29H41088 e

(1 - CH,0), 549.2524], 362.2461 (calcd for C 0, M-

, . 22M34
H + PhCOOH)], 362.2457), 330.2193 (calcd for

\ (CH3503

'C21H3003 Mm - '(CHgOH + CH,SO

3

38 + PhCOOH)], 330.2195)..

W
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D. Synthesis of diastereomerlc 6~methy1 glucose

derivatives and epaxlde rxng opening of 33, 9

-

Methyl 2 3, 4—tr1v0 benzyl-avD—glucopyranoside 54 Sodlum

hydride (50% w/w as: an o;l dlspersion, 2,62 g, 54 4 mmol)
was slowly added to a. solution (30 mL) of methyl |

6 -0- trltyl—u—D—glucop;ranoside 52 (5, 6 g, 12,8 mmol)
in dry DMP. ‘The mixture was stirred for 30-min and then

benzyl bromlde (8.8 g, 6.10 mL, 51.3 mmol) was added

’

dropw1se. The mixture was stlrred for 1 h at rdom g -

vtemperathre and then ft\ggk'dlluted w1ph.methanol (10 mL) .

 Stirring at rogm temperature “was contiﬂued for 1 h and

“then the,mixture was extracted with ether (400
e \ )
The organic  layer was washed with water (3 x

brine (100 nL), dried”and evaporated. The res:
o {f 3 ¥
‘Was dried at 011-pump vacuum to give crude methyl 2,3,4-

78

tri-o- benzyl 6—0-tr1tyl—a-D—glucopyran051de 53 (8.5 g}

whlch was used in the next step w1thout further ‘

purlflcatlon. ' . . o
Trlfluoroacetlc acid (90% 1n water, 10 mL) was added

to a cooled (0 C) solution of crude 53 (8 5qg, 12 mmol)

in dichloromethane (85 mL). The mixture was stirred

at OOC for 30 min and was then pouyred into ice~cold

saturdted aqueous sodium bicarbonate solytion (100 mL),

' The mixture wa; extracted withedichlorqmethAne

2 x 100 mL)., The organlc layer was washed wﬁth

-

\

brlne (100 mL), dried and evaporated. ‘Flash chromatography



173 .

- of the residue over silica gel LS 3 15 cm) with 3: 7 ethyl
acetate—*hexane gave methyl 2,3, 4—trx*0—benzyvaeDv
glucopyranoside 54 (4.98 g, 83%, two steps)] as a thick
-syrup, wh;ch solﬁdlfled on standlng. The matemiai :

. was homogenedﬁs by TLC (silica gel, 1:1 ethyl -
acetate—hexane). Compound‘54 had: m,p. 63r—§5ﬂc

78 ’

Caie.”® s6.5—67°c)y 1022+ 23" (e 1, chloroform)

(lit.78 + 23.5°); NMR (CDCl., 400 MHz) §1.62 (br's, 1 H,

3!
-OH), “3.37 (s, 3 H, —OCH 1, 3.50 (q,'J =3.5, 9.5 HZ,/ 1 H,
H-2), 3.53 (br t, J = 9 Hz,,l H, H-4), 3.63—3, 80 (m, 3 H,
’H—S HH-6), 4.01 (br t, J =}9, 9.5 Hz, 1 H, H-3), 4.57 ¢a,
J = 3. 5 Hz, 1l H, H-l), 4. 81—w5 0 (three sets of AB g, 6 H,
‘—OCH Ph), 7 32 (m, 15 H, aromatlc protons) ; CMR (CDC13, X
22.6 MHz) ppm 54.96 (—ocn )..61‘40 (C-6), 70.90 (c- 5),,_
- 73.10, 74 84, 75.52 (benzyllc carbons), 77 . 44 (C-4), \ \
180,04 (c-2), 81, 83 (c-3), $7.99 (c-1), 127.43, 127.62, .
\127.78,‘127¥éa 128. 30, 128.89, 138.14,'138.25, 138.7:\

(aromatlc carbons) . ‘ o
R o ‘ I : R
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- Methyl 2,3,4—tri?o—benzylrg—Dvgluco—l 6—dialdo—hexopyranose o

SSL A solutlon of dimethyl sylfoxide (3,78 g, 3, 43 nL,

——-q o
i

48 mmol) in. dlchloromethane (10 mL) was added dpopwxse to
a solution (30 mL) of oxalyl chlorlde (3, 07 g, 2, 11 mL,» ‘
24 mmol)- at v60 C. The solution was stﬁrred for 15 min and an
. then a solutlon of methyl 2 3, 4—tri~0—benzy;—uvagluco—

pyran051de 54 (9.0 g, 19 mmol) in the same; solvent (10 mL).

was added slowry over 15 min. Stlrrlng was contlnued for

*

another «20 min and then triethylamine (13.72 g, 18. 90 mL,

135 mmol) was added. The mrxture was allowed to-attaln

J

room temgerature and was then dlluted with. dlchloromethane

(150 mL) . * fhe organlc layer was washed w1th dilute
%
. hydrochlorlc'ac1d (50. mL), saturated aqueous sodlum‘

s blcarbonate (50 mL), water (2 x.50 mL),,brlne (2 x 50 mL),
drledxapd evaporated - The re51due 55 (&aZS g,»92%) , "M,‘.‘&
was. honqgeneous by TLC (#lllca gel 3 7 ethyl S w. o "éﬁ

acetate—hexane) and was used for next step ‘without fufﬁhefv

.purificatiou: 'The'compouug‘had;"L&jg3‘¥ 19° kc 1, CHCl3);

1

IR (film) 1730, 1450, 1240, 1050 cm~; NMR (CDCl,, 400 MHz)

3'
:6337 (s,3H, —ocu), 3.50 (q,J-—-325 9.75 Hz, 1 H,
. H-2), 3.57 (g, J = 8, 75, 10 5 Hz, 1 H, H<d4), 4,08 (br t,
J= 8.75, 9.75 Hz, 1 H, H-3), 4:16 (d, J. mlO .5 Hz, 1 H,

?f(rH'le- 4,63 (dr g 5 3, 25 Hz, 1 H: H“ll: 4,61<x5.01 (three~

.‘\\‘3':.’;? SEtS$ AB q, 6 H( —QC%Ph):, 7’532\"(111' 15 H' aron‘atl\c ) L 1'

ARz e
e s

‘*f‘.,,protpnsx 0. 64 (s, 1 H, vcHov), “emR (gnc1 23.6 Mz

. ?ﬁ “ :°'\r' : S . o . . ‘_ ; oy
. "‘ » @ . f -
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*

ppm 55.70 (-OCH3), 73 53 74 14 .75 04 aqd 75 87 (G-S and

¥
‘—ocnzpm,,n 7§ (c- 41, 394.32 (Cv21m1.72 (_Cvﬁl'
98.39 (c-1, 127,71, 137 94, 128,08 "123 46, :,37 a6,
137,85 and 138.44 (aré‘mam carbonsl' 197 32 (c-csL;

mass’’ Lchem:.cal J.onlzata.on, NH ) 480" (M + 18).

. i
A3 ’] o-
. ST “
) B ///
1 - . ‘
1
1

77’
4

“



*

ﬁ"ﬂyh55 (1 39 g, 3 mmol) ln dlchloromethane (5 mL) Was added

".b.of the reSLdue over 5111ca gel

ef' a whlte homogeneous (TLC, 51%1ca gei 3 7 ethyl

- ;FOCH ), 69 21 @, c- 51, 73 a4 (), 5. 26 (t),_and ;,»fai;f’°

ﬁ1non—6—enopyran051d—8wulose 56, A solutlnn of the aldehyde_f

| CMR (CDCl 22 6 MHZ) ppm 27. 17 - (s, —cocn Y, 55 38 (q,.\,;g

Methyl (E) 2 3 4—tr1«0~benzylv6 7 9-trideoiy«u\b—11uco-ﬁ’

.NN-.

to a solutxon (15 mL) of i (trlPhenylphosphoranyl1dEne)- 77
—propanone (l 35 g, 3 7 mmol).f The mrxture ‘was stlrred
for 24 h and then 1t was evaporated Flash chromatography

o - f . ; .
- N .
. o .

(3 x 16 cm) u51ng

o

1 5 8 5 ethyl acetate——hexane gave 56 (1 3 g, 86%) as,

v“;‘ acetate——hexane) solld/ The compound had-' m, P- 53“55 C,

[ I 6 (c 1u cncl ), FT IR (ch1 ) 1698,‘1677 1630,'”
1452, 1370, 1250 1090, 1070 695" em’ NMR (cnc1

200 MHz) 6 2 18 (s, 3 H,'—COCH ), 3 26 (q. g% ¢, 10 Hz,,z*

1 H, H- 4), 3 36 (s, 3. H,'—OCH ), 3 53 (q, J = 3, 5 9 5 Hz,"?-

1 H, H= 2), 4. 05. (br €, J=9.5 Hz, 1B, B 3),_4 32 (m,;f;

¢

“VH—l) 4 55—5. 35 (three sets of AB q, 6 H,_-CH Ph),

6 3 (q,. 1 25, 16 Hz, 1 H, H 7), 6 75 (q, J = 5 0

'16 Hz, 1 H, H—6) 7 3 (m, 15 H, aromatlc protons),n_

75, 85 (t) ( CH Ph), 79 87 (d Cv2), 81 43 (d C—4),

+81.96 (d c 3), 98, 20 d; C(l)), 127 70, 127, 93, 128,09, - .

i

128. 49, 129 47, 137, 74 138 05 and 138“63 (aromatlc._g’”

o carbons), 130 77 (d C= 7), 142 54 (d C 6), 197 92 (s, C 8),

-

1 T .tfffbﬁ\‘
30 e

'quf# 1 25, 5 o,‘io Hz, 1 H, H—S); 4 63 (d, J 30 5 Hz, ltH}».»“: g



'

A V bass chemlca\l :Lom.zatinn, NH ) 520 (M + 1

488 + 18
\ I(M

;.- CH OH.]. Agal Calcd for 031}{3406:

L . oL R R ] L . . o
- R . R ; TN o/ L A
.
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L

‘ etherate (0 253 g, 0'21 mL /;,77 mmol) was added dropw1se BN

ol ‘."“'. ’ ‘ k'/ ‘ ..'.z"\:‘. . “) ,‘~. ; “" Lol
' b : ’ s B N R w\_ T . A BRI 1 . . .. ‘\
Methyl (GR) 2 3 4—triwo-Fen2yl ~6,7, 9—tr1deoxy—6—Cvmethy1- SRR
a—D-g o—nonopyranosidws—nlose 58 Mefhylllthium 6h ..;«ih?
O ﬁ-r ‘y " .',‘* PR Aenar : = ‘

(0 039 g, 1 3 mL, 1 by M solutron in ether ¢onta1ning

ﬁi; 22. 5% llthlum bromlde, 1. 77 mmol) was added to ~f“ R

\

an lce—cold suspension of cuprous 1od1de (0 339 g, /,??K:_ M“@

/

1 77 mmol) 1n dry ether (15 mL) The resultlng yellow fﬁ.

suspensxon was cooled to ~75 C and bgroﬁtrlfluorlde

The mlxture was str/red for lO mln and a solutlon of
/

the enone 56/(DsOQl g, Q. l8vmmol) in ﬂry ether (5 mL)

. _was’ added dropwlse over 30 mln., The mlxture was allowed 'ﬁ"w5

1 ‘ B

- to warm up to”-35 Cvover a. perlod of l 25 h and then

lt was dlluted w1thusaturated aqueous sodﬁum blcarbonate

(5 mL) and ether (50 mL) The mlxture was flltered through

- B L .

Cellte. ,The solldS‘were washed w1th addltlonal ether *f.’

l "~

(25 mL) v The rganlc layer was washed wlth saturated
f

‘vaqueous/sodlum blcarbonat%§(20 mL) water (25 mL),

brlne (25 mL), drled and evaporated. The lH HMR an‘lTLC‘

A\
(sillca gel l 9 ethyl acetate*-hexane) of the re51due
showed the presence of small amount (< 5%) of the '
1somer 57 Flash chromatography ofvthe re51due over

'_1ca gel (l 5 x 12 cm) us1ng 1:9 ethyl acetate—ehexane

5111ca gel, 1

d,Compopnd‘SS»had.' m. p\\90——92 cs Ia]23 55" (¢ 1, CHC1,); "
ST A R | S R A L

. X '
- o : T



‘ “‘;1 H, —3), 4,55 (d J _,3 5 gz, 1 H, Hrl),v

»

1. s, 9 5 Hz;~1 H,-H—S), 3. 99 (br t, J = ;\ 9. 25 Hz,'~52 /J: 

4.59-5.02 (three sets OfAB q; 6 H,,-CH ph), 7\b (m, 15 H,;: f
}‘aromatlc protons), CMR (CDC13, 50 3 MHz) ppm 17¢§§ [q,  f?f§:,
" 0(6)—cH3],-28 15 (d c-6), 30, 47 (q,ﬁ—COCH B 43 99" \t o
:{LC—?), 54. 81 (q, -OCH ), 73 38 (d c-E;, 73 10 (t),,:f e |
. 74.65 (t) and 75.57"(t) (~CH, 2, 78 19 @, co4), 80.17 (d, 3
fc—z), 82,47 (d, c- 3),_97 60, @, c- 1), 127 50, 127‘33,; o

- 127 o1, 12s. 33, 137.96; 138,11 and 138 67 (aromatlc‘g,' ‘ e

L CarbOnS), 207 81 (s, C-B), mass (chemlcal 1onlzatlon, NH ) ,.  )
| 536 (M * 18) Anal Calcd for C32H3806 ‘ 74 %0, | -
’ ,;7.30 Found , ,-73-94;;H,‘7.38. e ,53  PR |



f*enopyranoside 59 HMPA (0 364 g, 0 16 mL, 0 92fmm011

o’

-;4cwas added dropwise to a solution of methylllthium (0 021 g,

| 0. 6 mL, 1 6 M SOlﬂtIOﬂJln ether contalnlng m 22, 5% llthlum fV ‘

'bromlde, 0. 96 mmolr 1n.ﬁry ethen (A mL) at v75 C.
vThe resulting cloudy SQlution was stlrred for 5 mln and
;then a solutlon (5 mL) of the enone 56 was added over

Sa perlod of 25 mln.- thrrxng was . contlnued for'

o

;5 mln The mlxture was dlluted Wlth'aCetlc ac1d (0 2 mL),, e

'~allowed to attaln room temperature and was extracted Wlth

’_"ether (75 mL). The organlc 1ayer was washed w1th

saturated aqueous sodlum blcarbonate (20 mL), ,id‘, ,_‘

: water (20 mL), brine (20 mL), drled and concentrated dﬂ“"
ftt‘Flash chromatography of the re51due over s111ca gel

‘ \ L :
’A(l 5 X 10 cm) w1th 1 5:8, 5 ethyl acetate——hexane e\ e

,compounds 58 (0 008 g, 4%), 57 go 105 g, 56%//and
59. (0. 051 27%) in that order of elutlon., Compound ‘

L s :
"was mdentlfled by mtgf” TLC- (slll'a gel, : ;§.5‘et yl
_acetate—-hexane), H—NMR and 13 4
D )/"r.
Compound 57 hadc Iq] +'41 Cbalav‘ ‘gf{f~ -
<l

IR (£ilm) 1715 1500, 1457 1362, 1090, 1060 cn® v

" NMR (CDC13,

foon

400 MHz) 6 0 88 (d J —-6 5 sz 3 H, C(G)—CH ),‘



| eo 35 (d. c—zx, 82 37 (4, ¢ —3), !8

 51R (fllm) 3449, 1497, 1552 1360, 1070 740 em™1;

T

'“5:3—21, 3. 54’(g, I = 15,20 Hz,il'H; u—s)

3. 97‘(br t,“”

7~f;vq = 9, 9 5 Hz, 1 H, g-s), 4, 56 Cd, a " 3 5 Hz.\l H, Hvl),
L 4,654 98 (three sets of AB q, 6 H' vCHgthr 7.3, 6, 15 H,
“'7;,aromat1c protdns); cnn (ch13, 100.6 MHz) ppm 12.70 g,

C(6)-CH J, 28 32 (d, C-G), 30 03 .(q,;-COCH ), 48 70 (t,

. -fo,c 7), 55. 12 (q. —ocn )72, 35 (d c—sx, 73 28 ),
| 74.70 (&) ang 75,71 (OF (—cnzrh), 78, 46‘(d, c—4),_‘f

127 72, 127 86, 128 00, 128 09, 128.‘,26 128 41, 128 45 :-

r;'133 32 and 138 34 (aromatlc carbons¥f 207 74 (C 8};

N fwmass {chemical 1onlzat10n, NH ) 536 QM # 13)

, 32 38 6"
“‘Found c 73 82, H, 7. 36.

Compounq 59 had. 'Iqjg3

ff?al Calcd for CiiHii0L1 C) 74 1o H, 7. 38,
+ 20" (c‘1 'cﬁcl )i .
iy

\ ” NMR (cnc1°,\4oo an) 8 1 26 [, 6 H, c(s)(op 2]
Tk

©1.56 (br s/ 1 H, —og), 3.25 (br t,;J = 9,»9 5 Hz, 1 H,
 .vH~4), 3.38 (s, 3 H, —ocn 24 3. 57 (q; J = 3- 5, 9.5 Hz,

”~,jH—2), 4. oo (br £, J=.9,9.5 Hz, 1 H, H—3), 4.08 (q,-

,.04, (d, C-l), 127 59,

1 H;,_

?~MJ*=-2, 9. 5 Hz, 1 H, H=5), 4. 60~v4 98 (three sets of AB q,

6 H;'acn Ph) ' 5.64 kq, J = 7 15.5 Hz, 1 " Hvsl,

’”5 96 (g J -.15 5 Hz, 1 H, H«yl, 7 3o (m, 15 H, aromatlc '

protons), CMR (CDCl . 22 6 MHz) ppm 29, 36 and

3

29 63 [C(_8)(CH3)2], 55 23 C*'OCH3),,-70 38 (C"S). 70 83 (C'S)l i
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BTN 36, . 98 and 75! 58 (s-cg,apm, 79,86 (c-2], 81,67 (oma),
R TR 21 ch3), 98,08 (C+l], 123.8 cc»sz, 127,58, 127, 270,
’-;5127 as. 1zh 35, 138 11, Lae,zz aid 13£,71* ‘

- (cHy OH + PhCH20H)J} exact mass 4"

25H§l 6' 427, 2127), “395 1857 ( dgpr_ C24'Ha705 "IM‘-"- '

»(PhCH +ocH OH)J, 395, 1858) R
" * ' | ' b
‘ - g".‘}i’ L ) //;/ o
Vi .
o
. | ‘
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-

{E)-1, 2: 3, 4—Di*9_-§sopropyl idene-b\g—b—galacto—pm—ﬁ-enopyranos-

L6

' 8-ulose 56gal. A solption of ‘1,2:3,4-,di¥g-isopropylidene—a-n-ga1acto—

o

1, G-dlaldo-hacopyranose' (SSgal) (2 0 g, 7.74 mmol) and 1—(tri
thsphoranle.dene) -2-propancne (3. 66 g, ll b mnol) in dichlorame
(20 mL) was refluxed for 3 h The mixture was evaporated. Flash

chrcmatography of the remdue over silica gel (4 X 18 cn) us:.ng

~

cxystalllzatlon fran ether—-hexane: The canpound_had: N | ’
m.p. 123;124°c- [a] ;3 = - 129.6 (c 1, GHCL 3) i FI-IR (cmc13)\ !
1670 1255 1212 1069, 973 an 1 ; NMR (CDC1y, 200 MHz) "§ 1.33 (s,
3H ~H,), 135 (s, 3H, ~CH), 1.44 (s, 3H,’ ~CH,) » 152 (s, 38, |
-CH), 2.30 (s, 3H, HHH9), 430 (q, J—2 80Hz, lH,H-4),
4.37 (q,b-25 5 Hz,'1 H, —2), 4.48 (v, 1 H, H-5), 4.66 (q,'
J—25 8 Hz, 1 H, H-3), 5.60 (d, J = 5 Hz, 1H(;L1), 6-36 (a.

= 1. 75 16 Hz, 1 H, H-7), 6.76 (q, J= 4 75, 16 Hz, 1 H, H—G),
Qﬂ; (CDCl3, 22.6 MHz) pam 24.38, 24. 83 25.88 and 26. 08
(1sopropy11dene methyl carbons) , 27, 24 (C-9), 67.66 - (C-5),
70.46, 70.86 and 72.75 (C—2, C-3 and C-4), 96.39 (C-l), 108.68 and
109.65 (1sopropyhdene carbons) ’ 131 28 (C-6),- 141. 76 (C—7) ' \
197 85 (C-8), mass (chemlcal 1onlzatlon, 3) 316 (M + 18).
Anal Calcd for C15H2206. C, 60.38; E, 7.43. Found: C,_ 60.05;

H, 7.49.

NG



“ (65) -1,2: 3.4?01?9_*isopr0pylidene—6 . 7;9~tridedcy-5‘-<_:_-::\ethy1-a-o-

gal -nmopyranoe-—e-ulose S8gal. mthymtmu;{ (0. 136 g

P o g s

o

8 45 mL, 1 0 M solutlon in ether containing ca. 22 5% lithiun
bramide, 8.46: mnol) Was added to an ice-=cold suSpensmn of cuprous
1od1de (0.806 g, 4. 23 nmol) in dry e‘ther‘ {7 mLj. The resultlng

184

clear solutlon was oooled to -75 C and a so}utlon of the enone. 56gal

~~ o~~~

(0.178\3\, 0.59 nmol) in dry ether (4 mL) was adqed dropwise over
© 15 min, The mixture vas stirred at =75 C for 15 mins and then
it was ailowed to warn to -40°C: The reaction mixture wae stirred
for 20 min and then-it was diluted w1th saturated aqueous ammonium
chloride (5 mL) and ether (75 mL)z The mJ.xture was filtered
through Celite. Th; solids were washed with addltlonal ether

(50 mL) - The organic layer was washed with saturated aqueous
sodium blcarbonate (30 mL) , water (30 mL) ’ brme (30. mL) , dried
and avapcrated. Flash chrmatography of the res:Ldue over

silica gel (1.5 x 12 an) using 2:8 ethyl acetate——hexane gave

a mixture of ?gga} and _5329?} (0.159 g, 84%) in the ratio 7:3
"(lH—NMR) .. Flash chranatography ,of the product Vover 5111ca gel
(1.5 x 20 am) using 3% ethyl acetate in 1, 2l-dichloroeth°ane gave

ccmpounq 57gal (0. 024 gs 13%) , a mixture of 57ga1 and 58ga1

~ oy ~a dadadadad
g o s

~ o~~~

13
1:9 ethyl acetate—1, 2—d.1ch19roethane) ' 1H—NMR and C-NMR.

23 | |
The campound 58gal had: [alf’ = - 81.3° (c 1, cHel,) s

v~

¢
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IR (QGHCl,) 1710,ﬂ13§b>\\1070 o™l N (cocl,, 200 Miz) 6 1.02 (d,
I = 6.5 Hz, 3H, 6-Gi,)\1.34 (s, 3H), 136 (s, 3 W), .
1.47 (s, IH), 1.53 (s, 3, 2.15 (s, 3K, ~cocH,), 2.21 (g,
J=8, 15.5 Hz, 1 H, H-7) 2&3'0 (m, 1 H, H-6), 2.86 (q, J = 4, |
15.5 Hz, 1 H, H-7), 3.43 (q, ‘3‘_51.5". 9.25 Ha, 1 H, H-5), 4.29 (m, -,
2, H-2 and H-4), 4.60 (q, J‘i‘\\z,.e‘ Hz, 1 H, H-3), 5.5 (d,
J=5Hz, 1H, B-1); OR (cnc13,"’;00. Miz) ppm 16.06 (6-CHj), .
24.47, 24.94, 25.95 and 26.00 (isopropylidene methyl carbens),
$0.03 and 30.39 _(C-6 and C-9), 47.38\(C-7); 70.67, 70.97, 71.14
“and 71.17 (¢-2, C-3, C~4 and Cc-5), 9664 (C-1), 108.41, '109.13,
 208.65 (C-8); exact mass 314.1722 (faled for C)¢H, O, 314.1730),
299.1494 [calcd for (M - CH), 299.}494]. | ‘
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(68)-1,213,§-D4-Q-4 acpropyLidane=6 7, 9-tiridacky~6-C-mathyl-u-D

 galactononopyrancs~s-ulose 37gal and (E)-1,213, d-Di-0-tacpropyl opyiidarie-

uopmpylim-e.v-mdemy-e,a-dmﬂm-a-oW-s- |

enopyranose 59gal. HMPA (0.206 g, 0.2 mL, 1.15 mol) was added *

Lo dad T 2 g

_dropwise to a solution of mthyniuhun (0.027 g, 1.22 mL, 1. oL M
solutich in ether oontaming. ca. 22.5% Nithium brdnide, 1.23, mmol)
in dry‘ether (6 mL) at -75 C. The resulting cloudy solution.
was stirred for 5 mJ.n and then a ‘solution (2 mL) of the enone 59953'
was added over a period of 7 min Stirring was oontmued for 1S min.
;The mixture was dllund with acetic acid (0.3 mL), allcwed to i
to atta_m rocxn tanperature and extracted with ether (100 mL).

The organlc layer was washed mth saturated aqueous sod.um :
| blcarbonate (30 mL), water (30 mL), brine (30 mL), dried and
concentrated The ]7-1-NMR and TIC (silica gel, 1:9 ethyl
acetate—-l 2-d.1chloroethane) of the residue showed the presence of

‘ anall amount’ (<’ 5%) of the isaner 58gal. Flash ch.ranatography of

e et X

8

adadedoied ~ oy g

(0.074 g, 47%) in that Qrder of elution.

Ccnpound 57gal had : [a]§3 = - 40.2 (c 1, d-ICl3); FT-IR (film)

1714 1372, 1255, 1211, 1068, 999 cm ~; NMR (01'.’13, 400 MHz)
§ 1.04 (4, I = 6.5 Hz, 3 H, 6-C§3),133 (5,6H,-(}l),145 (s,

“-3H -G-l),151(s,3H -CI-I),ZlS(s,BH-CDC‘H 2.33 (m, 2 H,

3)[
H-6 andH—?), 2.71 (q,J—75 19 Hz, lH, H-7),

.



V4OOMHz) §1.34 (s, 12 H), 1.46 (s, 3 H, -(}l), 1.55 (s, 3 H, -

I S aer

- %

3-57 (q' J.“z 0. 7 H’p 1l ap K-ﬁ) ‘u” ‘q: J‘.’Z, ‘ H’, 13, H),
; "o” ‘RWQT" zn”' Gwn 1’5; Mp ‘n” %ﬂ“v zt”’v ‘“r ll'

H=3), 5.54 (4, J = 5 Hz, 1 H, H*-l): om <mc13, 100.6 Miz)

pem 16, 36 6 - - Qlj), 24.41, 24.96, 25. 93 and 23.97 (1Wu¢me
methyl carbons), "30.16 and 30.56 -(C~6 and C-9) + 46.88 (C-7), -
70.30, 70.61, 71.11 and 71.66 (C-2, C-3, C~4 and c-5), 96.75 (C-1), -
108.37, 109.11, 208.41 (C-8); mass (Chemical ionization, NH,)

332 (M + 18), 315 M+1), 299 M ~ - CHy). Anal. ‘Calcd for

o H26°6 ¢, 61.12; H. 8.33. Found: C, 61.50; K, 8.43.

16
Campound 59gal had: [0133 - - 101.4° (c 1, QiCly);

 FI-IR (filh) 3425, 1382, 1212, 1068, 996 cm ; NMR (coely,

_3)I\
158 (brs, 1H, -(!!),417 (q,J=2 8Hz,lH,H—4),427 (brd,'

J=65Hz 18H, 11-5),431 (q,J-225, 5 Hz, lH.H—Z),

4.60.(q, J = 2.25, 8 Hz, 1 H, H-3)f. 5.57 (d, I = 5 Hz, 1 H, H-1),
5.78 »(q>, J = 6.5, 15.5 Hz, 1 H, n-é), 5.95 (g, J = 1, 15.5 Hz, 1 H,
H-7); QR (CDCLy, 100.6 MHz) ppm 24.39, 24.86, 25.92,

26.07 (isopropylidene methyl carbcns), 29.40 (8-(awy),1,

68.58 (C-5), 70.32, 70.81 and 73:44 (C-2, C=3 and C-4),

70.52 (C-8), '96.43 (C-1), 108.42, 109.19, 122.44 (C=6),

141.50 (C-7)*,. mass (chemical ionization, NH3) 332 (M + 18), e

| ' C, 61.12;

314 [M + 18) -~ HZO]' Anal. Calcd for C16H260

6:
H, 8.33.. Found: C, 60.94; H, 8.18. ;



.H—

(THP :oluﬁiuhg* e c8 7 0qﬁ§vﬁicntbl was i@dnd élowly
to a nt&erd\n&xturi of l,etaﬁﬂ'dflnhydlﬁ‘2°0”(4".@&&1‘
{phcnyllulfonyl)-S-Dﬂgliaetopyranolo 33 (o. 34 g, 0.8 fmol)

anﬂ - Guprous chloride (8.9 mg, O, 09 nnpll tn dry THF (5 mL).

M
"od for 3h by

Stirring at room tempcxature ﬂll eﬂmt
which stage the reaction was over (TLC control.*lilica gel,
1.1 ethyl acetate—+hexane). The mixture was cooled to

o'c and acetic acid (0.4 mL) was Injected slowiy. tollowaq
by water (1 mL). The mixture was extracted with _‘
dichloromethane (4 x 30 mL). The 6rganic layer wai washed
with water (30 mL), brine (30 mL]}, dried and evaporated.
Flash chromg‘pgruphy of the residue over silica gel

(1.5 x 12.5 cm) with 1:1 ethyl acetate-—hexane gave 62

as a crystallinégsolid (0.126—0.147 g, 50—58%)
homogeneous by TLC (silica gel, 1l:1 ethyl écetate—-hexane).
The compound had: m.p. 91-—-91:C;' Ia]g:‘, - 48.3’ (c 17‘,
chloa:‘of'orm); FT-IR (CC14)A 3535, 3395, 1595, 1357, 1175,
1027, 955 cm™l; NMR (CDC1,, 400 MHz) 6 1.23 (4, J = 7.0 Hz,
3 H, -CH ), 1.79 (br q, 1 H, H-4)}, 2.44 (4, J = 6 Hz, 1 H,
 -OH), 2.46 (s, 3 W, Ar~CH;), 3.62 (m, 1 H, H-3), 3.70 (d,
J=25, 7 Hz, 1 H, H-6_, l, 4,06 (4, J = 7 Hz, 1 H,

ndo
H- 5), 5.28 (br s, 1 H, H—l), 7.38 7(d, 2 H} and 7.82 (4, 2 H)

-t

e

.



i ;332 (m + 18)- Anal Calcd for C; 4H18063. '53.48;

| ifjvs 66 (c 51, 73 74 (c 2), 99 70 (c—11,1127 93 and

7‘:130 08 (aromat:.c carbonsl; ma,ss Cchmni\cal J.onlzatlbn, NH, )

“T_H,,s.77;; 1n zo._ ?qund~' C',53 55; Hy 5 94; s, 1o 04.,

© 189

-.‘,f‘."_'La.romatJ-c protons), CMR DC13, 22 6! MHz) ppm 1‘.7 47 (_-CH )r »
_,.:_21 70 (Ar-CH ), 38 63 CC—41, 68 34 (C 6), 171 92 (g~31'

'-:./;.’ w

S -
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»”1 6~Anhydro—4 deoxy—4—c-ethylv2—0v(Agmethylphenylsulfonyll_1’

\',eB-D—glucopyranose 63 Trlethylalumlnrum (52 56 mL, .

:°25% w/v 1n toluene, 76 mmol) was added to a‘solutron of

k l 6 3 4~ dlanhydro~2-0—(4-methylphenylsulfony1)vgvD— :
:galactopyranose 3335 9. 81 g, 32 8 mmol) in dry benzene.‘
l(80 mL).. ‘ The solutlon was stlrred for 5 min and then'
—gutylllthlum (0 08 g, 1 mL, l 25 M solutlon in hexane,.
hl 24 mmol) was added The mlxture was stlrred for 5 h;.
:then lt was cooled to -40 C and aqueous methanol (55 mL,
‘;10% v/v) was added slowly w1th v1gorous stlrrlng, followed
‘:b%/slow addltlon of dllute hydrochlorlc ac1d (5%, 125 mL)

" The mlxture was extracted w1th ether (3 x 125 mL) AN
. ‘/ 2t

The organlc extract was washed w1th saturated—aqueous

' fsodlum blcarbonate (100 mL), Watef (100 mL), o

"'f'llquld and 63 (9. 1 g, 90%} .as a whlte crystalllne d;_», /

v:l 9 ethyl acetate—-hexane),A H—NMR and 13 NMR.

'jbrlne (100 mL), drled and evaporated : Flash chromatography j,i
“of the re51due over 31llca gel (7 x- 20 cm) u31ng 3 7 ethyl

"”Tacetate—-hexane gave epoxlde 65 (0 128 g. 2 5%) as a thln 'i';/
- Ve
: /.‘ »

’ /.
homogeneous (TLC 51110a gel 3:7 ethyl acetate——hexane) //
‘fsolld. The epoxlde 65 was 1dent1f1ed by TLC (5111ca gel,
| Compound 63 had: m. p. 67—v68 ;. Ia] ,ve.49 2° (cii,iﬂ».
_ fCHCl ), FT- IR (CCl ) 3607 3570 3540 2960, 1600, 1377
”x119o,:11ao,:995, 980 cm™ & NMR {(CDCly, 400 MHz) 6 0. 99 (t, .

= 7.25'Hz;?3h37:¥¢H2é§5), 1.50 (or t, 1 H H-4),



p @i;ss‘(ﬁ, 2 3;3+c§2¢H3);;2;28f($,.3 H,f-CH ), 2.29 (br s,
 'y$;i-ﬁ;‘oHS}¢3*94”(br s,'1-n;’n—3), 3,97 (g, J.5 5, 7 Hz, 1 H,;

"“ fH— : ), 4 03 (d, J =7 Hz, 1 H, H sendo
'lLH—Z), 4 43 (br d, J A5 Hz, 1 H, n-s;,f"za Cbr s, 1 H,

H- 1), 7. 36 (d, 2 H) and 7 82 (d, 2°H) (aromatic protons}-  ’

gl,’

j_24 12 (—CH CH ),,45 54 (C—4), 68. 53 (C—GI, 70 44 (C 3),

'v?“;.74 44 (C 5), 79 33 (C=2), 99, 87 (Cvl), 127 98 130‘13,

:;;133 42 and 145 38 (aromatlc carbons), mass (chemlcal

' ;1on1zat1on, NH ) Ppm 346 (M + 18L. Anal Calcd for o ,

1;C15H20068 ~_t}54;86f,., 6.13; 5, 9.76. Found~ 54 91;
H, 6.18; 8, 9.79. . |

1, 4, 21 (br £ 1 H;<*“

_ CMR (CDC13, 22 6 Mitz} ppm 11. 69 (<CH,CH, ), 21. 68 (Ar=CHy )’,'f 3



e e,

1 6 2 3—Dlanhydro-4edeoxyn4vcvethylv D«mannppyranose 65.2&;

A solutlon (12% w/v, 22 mL) of sodxum»methoxide ln methanol

was added to a soluti‘on of 63 (6 41 g, 19 5 molI J.n dry
chloroform (50 mL). 'rhe mrxture was st:}rred, overn:’:ght at
" room temperature and was then diluted w:bth dﬁchloromethane

(300 mL) The organlc 1ayer was shed w1th water '

(3 x 75 mL) ,‘ brlne (100 mL), drlezaand evaporated Flash j S
Chromatography of the res:l.due oveg: s:l:llca gel (4 x 13 cm)

*

o ﬁ{lng 2: 8 ether-—hexane gave epoxn.de 65 (2 86 g, 9}%)
B TN colorless homogeneous (TLC, s:Ll:Lca gel, 1 5t 8. 5 ethyl fo

4 acetate-——hexane) 11qu1d. The compound had -

o ;aJ§3 - 287" (e 1, CHCl 317 PI-IR (£1lm) 2965, 1462 1158
1130, 975 em 1, MR (cnc1 400 MHz) 5 1 1ok, T = 7.25'Hz,

3 |
3 H, CHZCH ), 1. 64 On,<2 H,‘—CHZCH ), 1 86 (br t, J =7 Hz,‘”

1 H, H-4), 2. 97 (@, 3= 1,4 Hz, 1H, H—B), 3, 39. Gn,

| J = 0. 5, 3 4 Hz, 1 H, HaZ), 3.75 (d* J =4 Hz, 2 H, HH—G), B
o 4 26 (br t, J % 4Hz, 1H, H¥5), 5 67 (q; 3 =0.5,3 He, ’
1 H, H- 1), CMR (CDc13; 22.6 MHz) ppm 11.90 (- CH2CH Fon .

23 86 (- CHZCH3),_41 .34 (c—4), 50. 63 (C-3), 53 88 (c- 2), ‘ )//

~68 64. (C 6), 71. 32 (C 5), 98 02 (C l),' exact mass 110 0731

7 10 1
CLH, 0. o, 61 51,, , 7.74, Found: cr 61, 66, H, 7.69/

§712°3° |

Icalcd for C H. .0, (M - CH202), 110. 0731J Anal ‘ Calcd £ r ’



1 G—Anhydro-z 4<~d1deoxy«4-c«-ethy1-Q(D«arabn:no«hmnopyranose .

thh;um triethylborohydr;de (5 22me, cd

'  equﬁvalentl was added dropwise at room tempeﬁature to -
Ut; a solutlon (5 mL) of the hydroxy tosylate 631C0 51 g,‘ ~'d'
1 55 mmoll ln dry THF.; The mixture was stlrred overnightj ;}:
and excess of reagent was destroyed By additlon of water.;‘
A cold (O C) mixture of 30% hydrogen peroxlde (10 mL) and
_ ;“}Q‘ T sodlum hydroxlde C3 N, 12 mLI was added slowly Wlth
A"«'“ 1ce—bath coollng. The mlxtpre was allowed to attaln\room ’
Jtemperature and was stlrred for 3 h It was then extracted
w1th dlchloromethane (4 x 40 mL) The extract was washed
wiiﬁ water (20 mL), brlne\iiﬁ\mL), drled and evaporated “
The re51due was dlluted with toIﬁene (25 mL) and 5fﬂ' ‘

concentrated agaln 1n vacuo.a The res\i~1ng 011 was kept

for 3 h ungbr 011-pump vacuum to afford 64,

~-4 oy

”.234 ‘g, - 95%)
whlch was used dlrectly for the'next step.’ The ch“ ound
I J (c 1 CHCl ),TIR (fllm) 3460, 1462,111_
1050, v870»cm 1 NMR (cnc13, 360 MHz) 5 0. 90 (;, i
ZQ; T o= 7.25 Hz, 3 H,” CH ,CH; ), 1 65 ﬁm, 2 H, —CH2CH ).
*‘1;68 (br t, J = 7 Hz,_l H, H—4), 1. 82 (br 4, Jb” 15 Hz,

'1:H, H—2 q); 2 02 om, J = 1. 25, 5 15 Hz,,l H, H~a ');

llg

czgss @, 3 7 Hz, 1 H,:vOH), 3, 72 (br t, 1w, H-3),

5,77 Hz, 1 H, Heg ol 4 34 @, 3=7 Hz, 1 H,

' 3‘:.'.'77 (q, J‘

'@fséﬁds" 4,40 Ox - a=5 Hzr 1 H, He 515 5. 59 ®r s L,

24 05 ( CH CH ),\36 33 (C—Z), 47 39 (C—4), 68 04 (C-G),

N o

e
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l
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.\ww‘q-'“vfﬁ‘ ——

‘“ff»hexOPYranose 66.u Sodﬁum hydrxde (50% w/ as an oﬁl

T“?_Of compound Gﬁ (0 (227 g, 1, 43 mmoll in dryiBMF._

'°;“layer was. washed w1th water (3 x 20 mL), brlne (20 mL),u,~_

,;i

'fdisper_lon, 0 143 g,ﬂ3 mmol) was added to‘a solutfon (3 mL)

s The mlxture was stlrred for 30 mxn and then Benzyl bromlde
- (0, 368 g, 0. 25 mL, 2,15 mmol)y was added dro'w1se.
The mxxturefwasistlrredvfor’lxh at’ roem temgeratnre,and,;

;| then it was'dfluted.wfth methanol"(l‘mL)' Stirrihg<

”at room temperature was contlnned for 1 h and then / '?T“*“‘T

"the mlxture was extracted with- ether (100 mL) The organici

R drled and evaporated Flash chromatography of the re81due

1i?fover 5111ca gel (1.5 x 10 cm) using. o,s 9.5 ethyl
acetate—-hexane gave 66 (0 326 g, 91%) as a homogeneous

"(TLC, 5111ca gel 1 9 ethyl acetatevvhexane) 011._.'

ﬁiThe compound had' Id]§3‘- 80 (c l CHCI‘); FT-IR (fl m)
,hhzeso 1497 1332, 1137, 1095, 1072, 867 cm 1; NMR (eD 13,

| 4,400 MHz) 5 0.96 (t,"fé 7.25 Hz, 3 H,‘ CcH

. | 2CH3>,;42(..j |
1mE) ‘and 1.6 (m, 1 H) (rCH CH, ), 1.7 (or t, 3 =7 Hz, L H,
‘H—4), 1.86 (m, J =2, 5. 5, 15 Hz, 1w, 2ax1' ;‘ra

1 96 (br d, J = 15 Hz, 1 H,,H -2 q), 3 41 (bx d, q = 5. Hz,

., 3,6<-sLbr’d, 3= 7 Hz, LH nvse golv 4132 @x. d, J = 6/Hz,

ndo
1 H, H—S), 4. 47——4 55 (AB q, J 5 12 Hz, 2 H, —cnzphj

55 52 (br s, 1 H, H-l), 7.25—17. 3 on, 5 H, aromaf\’ protons,-



- CMR 22.6 MHz) ppm 12, 20 L~:ca2CH/ Ly 24 1:7 (s-CHZCH3L,
33,20 (-2} 44, 63 - (_C\-41, 67,52 (C-eGL’ yo 50 @:cnzrm,l |

. 74.03 amd 74 (53 _(c-3 a,nd c<~5),, 100, fea (c-1), 127,44,

128.35. a.nd 138,69 (argmati:c ca.rbonsl, exact mass 248, 1405 o
- (calcd for 015H20 3, 248 1413)_. Anal ‘Caled, for C15H2003
c, 72 55 H, 8 11 ‘ ’Found c, 72 51, H, 8. 05
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Methyl 3—9_—benzy142 , 4—didém<y¥4—g-eﬂiyl—\q, -D-arabino~

-

hexopyran051de 66A A solution of 66 (1 37 g, 5. 51 mnol) in

- ~~~

absoiute methanol (10 mL) was treated with dry Ambérlite

IRA-120 () resin«(l:ZS g). The mixture was stirred at roam L
: _taxperature overnight. The resin was removed by filtration -
" and filterate was evaporated. Flash chrdmatography of
”"c}ie'residue 6ver silica gel (2 x. 12 czﬁ) us:.ng 3:7 ethyl
acetate—-hexane gave 66A (1.26 g, 81% yield) as a mJ.xture of
‘0~ and S—lscners (a/B ratio 85 15, lH-—NMR) The campound y
“had: FT-IR (film) 3470 1125, 1072, 1049 cm L

NMR (CDC13, 400 MHz) 6 '0.88 (two sets of t, 3 H, —CHZCH ),

C1, 40--1 75 (m, 4 H)/2 06-—2‘ 20 (two sets of m, 1 H),

2 28——2 44 (two sets of m, 1 H) L 3.36 (s) and 3.52 (s, 3 H, —OCH3)
357—-3 82 (m, 4H 4H), 4.34 (q, J=2, lOHz, 0.15 H,

| H—l ofBancmer), 443 and463 (AB q, 3 = 11.5<H%, ZH _2Ph),
'4 87 (q,J—lS 35HZ, 085H H—lofu-ancmer), 735 (m, 5 H,

,aranatlc protons) ; mass (chemlcal 1om.zatlon, NH ) 298 (M + 18)

Anal. Calcd for C

16H24 4 (o :68.'54; H, 8.62. Found: C, 68.05;

H, 874.
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¢

Methyl 3-0-benzyl-2, 4-dideoxyd-4-_c_-et.hyl-6-gﬂnethGHGSUlf0nYl‘d ' é-

e~
\
\

\.

2 A.D—arablno-hexopyranomde 66B. ‘gethanesulfonyl chlonde (0 947 gs

| 064mL 826nmolwasaddeddropw15etoam1xtureof §§}~&

_(1 2g, 4.28 mnol) and trlethylan.me (1 116 g, ll 0 nmol) in d.ry

dichloramethane (10 L) at O C. 'I'he mixture was. stlrred at 0 c

- for 15 min and was then diluted with o:.chlorcmethane (100 mL)

- The organic phase was washed w1th cu.lute hydrochlorlc aCld (50 mL) ,

saturated aqueous blcarbonate (50 mL) ; brlne (50 mLy., er.ed and

evaporated Flash chraratocraphy of the res1due over 5111ca gel

(5 x 12 cm) usmg 3:7 ethyl acetate-hexane gave 66B (l 246 g,

1 80%).  The campound had: FT-IR (film) 1355 1176, 980 an™;.

QNMR (CDC13, 400 Miz) 6 0.86 (t, 3 H, -CH?_ 3), 1.42—1.8 (m, 4 H),

2.29 (m,J—2 5 l3Hz, 1H, H=2 . ) 3.06 (s) and

3.07 (s, 3 H, ~080,a}), 3.34 (s) and349 (s, 3 H, -oa),

3.74 (m, 1H, H—3)_,, 3.84 (m, 1 H, H-5), 4. 31 (m) and 4.44 (m, 2 H,
—6), 443and463 (ABq, 2 H, —CH__2Ph), '4.51. (q,J—225

11.5 Hz, 0.15 H, H—l of B-—ancmer), 4 87 (q, J= 2, 3.5 Hz, 0.85H,
H~1 of a—ancmer) ’ 7 35 (m, 5 H, aramatic protons) ; mass (chemlcal

‘J.onlzatlon) 376 (M + 18), 344 [ +18) - ™, on], exact -

mass 358 1478 (Calcd for Cl7 26055' 358.1450), 327.1268 [caled for ‘
(M- - CH30) , 327.1266] 230.1309 (caled for [M ~ (CHyOH + QH,3SO,)],

230.1307).
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3

Methyl 3—9_—benzyl-_—2 ,4-6 -f:ridéoxy—4 -C-ethyl-q, B~D-arabino-

L ]

hexopyranos:.de 66C. Lithiun triethyl borohydride ' &7 mL,

ca. 2 equivalent) was added dropwise to a solution (5 mL) of
«thetosylateGGB (12g, 334mnol) mdryTHF The mixture .
was stlrred ovemlght at roam tenperature and the excecs of reagent
was destroyed by addition, of water, - A cold (0 C) nuxture of . 4
-30% hydrogen pero}.lde (10 m.L) and sod.um hydroxide (3 N, 12 mL)
'\\»'as added slcmly w1th 1ce—bath coolirg. 'I'he nu.xture was allowed
to attain roar temperature and was stirred for 1 h. It was then
extract.ed 'with dlchlora'nethane (3 x 50 mL) The extract was drled
‘ _and concentrated Flash chranatography of the re51due over
silica gel (2 x 16 an) using 1:9 ethyl acetate-—hexane qave o \ ‘
66C (0.615 g, 692). The campound had: FT—IR (flhn) 2954, 1127
1072,'1054,'970 an ; MR (CDCL,, 400 Miz) § 0.85 (two sets of t,
3 H, écnf),,l 23 (d) and 1.29 (4, 3 H, 3), 1. 35--1. 75. (four
sets of m, 4 H), 2 .31 (m) and 2.37 (m, 1H, H=2 ), 3.33 (s) and
352(s,3H,ax§y,3J1(m,zn,nﬁzmdﬂa)[422(m and
4.84 (g, 1 H, H-1), 4.43 and 4.64 (AB q/ 2 H, -GLPh), 7.35 (m,
5 H, aramatic protons) ; mass (chem.xcal icnization, NH ) |
282 (M + 18), 250 (M + 18) - OH] Anal Calcd for C, H_ O

. 16 24 3°
"¢, 72.69; 9.15. Found: €, 72.80; H, 9.28.
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_ 3-0—Benzyl-2 4 6~tridem:y—4-c-eﬂ1yl—a,8-o-arabmo-baxcpyranose 66D,

Y el N

[

A mixture of 66c (0. 205 d, 0. 78 nmol) and 50% aqueoun mtic acid ! .
(7 rpL) was heated at 60 C for 2 h. ‘I'he mixtu.re was dilutad with

“toluene ( 30 mL) and concentrated. The residue was again diluted

with toluene (30 mL) and concentrated. Flash chranatography of

the residue over sul;ca gel (l‘.S X 12 ‘cm) using 3:7 ethyl
acetate—~hexane gave 66D (0.163 g,l 83%) . The campound had:

FI-IR (film) 3400, 2879, 1095, 1070, 972 am  ; NMR (CDc13, 200 MHz)
§1.00 (t) and 1.05. (¢, 3 H, -Cu,H Gi), 142 @ and 1.47 @ 38, '
~CH. 3) s 1.47--2.0 (m, 4 H), 2.5 (m) and 2 65 (m,. 1m, H-Zeq),

3.96 (m, 1H, H-3), 4. 44 (q) and4 65 (q, 2H, -G—IPh), 4 68 (m,

0.4 H, H—l of B—anmer) ’ 5 40 (br s, 0 6 H, H-1 of a-—ancmer),

7.35 (m, 5 H, arcmat:Lc protbns) : mass (chemical ‘lonlzatlon, NH3) ,

268 (M + 18), 250 [(M + 18) -H O], exaCt mass 250, 1568

-(calCd for- ClSH -250.1569) ,- 232 1460 [caled for (M HZO)’

22 3’

‘232.1463] .
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(3R§ -my;l@cy-(’tn) -ethyl-(5R) <hydroxyhexancic acid lactone 67.

e

A lolmim (3 mL) oz‘ggg (0.152 §, 0.6 mmol) was rapidly added to
» mixture of pyridinium chlorochramate (0.199 g, 0.92 mol) and
sodium acetate (9 mg, 0.12 mmol) in dry dichioramethane (10 mL).

~ The mixture was stirred at roam temperature for 5 h and ‘then

it was diluted with ether (100 mL).. The mixture qu filtered
through Celite and concentrated. Flash dmatograpl'ny of _)\.;;
the residue over silica gel z(l 5x 12 an) using 3:7 ethyl

acetate-——hexane gave the lactone 6} (0.116 g,. 76%). The campound

had: (013’ = +3.0° (c 1, ma3), FI-IR (film) 1748, 1218, 1088,

-1

1067, 799 am ©; NMR (CDCl,, 400 MHz) & 0.92 (t, J = 7.5 Hz, 3 H,

3‘

—cx‘cn‘),l.az (m,1a)and156.(m}1h, CH,), 1.68 m, 1 H,

-aiy
H-4), 2.65 (g, J=45, 17Hz, 1 H) and 2.77 (q,J=45, 17 Hz,
lH 'HH-2), 3.74 (q,"l H, H—3), 4.06 (m, 1H, H-S), 4.45 and

4.62 (AB qa, J = 12 Hz, 2 H, __2Ph), 7.35 (m, 5 H, aranatlc protons),
R, (CDC13, 100. 6 MHz) pem 10.28 (-CH CH ), 19.56° (-CH ),

22 03 )—C'h CH ), 34. 37 (C-2), 47.35 (c-4), 70.07 (-CH Ph),

74.11 (C—S), 76.77 (C-3), 127.58, 127.64, 128. 26 and)137 .48
(a.ranat:.e/carbcns) . 170.75 (C-1); mass (chemlcal J.onﬁ.zatz.cn, NH )
4266 (M + 18), 24§ (M + H). B2nal. Calcd for C,.H,0.: C, 72.55;

. 15720 3
H, 8.11. Found: C, 72.54; H, 8.22,

L4
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E. Reversal o!ﬁgxplotunctionalizgtionl.

iogm:““*;qm%xum of §8 into 2-cyclopentsme~ivacetic

ggig. Acetonitrile (20 mL) was injected into a £1ask
cbééain%n the lagéong 22 (306 mg, 1.09 mmol) and

anhydrous Nal (980 mg, 6.54 mmol), ‘The mixture was stirred
magnetical r 5 min. and MeBSicl (709 mg, 6.52 mmol)

was injected. Stirring Qas continued for 3 h (TLC control)
and 15% w/v aqﬁeousANa28203 (25 mL) was then added Aﬁd

the mixture was extracted with CH2C12 (4 x 35 mL),

the ';quet?us phase bexng saturated with NaCl to break up

the res&iting emﬁlsion: " The organiﬁ extract

was evaporated and the ;esidue was dissolved in CH2C12
(50 mL) and extraéted with 8aturated aqueous NaHCO, |
(3 x 20 mL).’.The aqueous layer®was washed with ether

(2 x’30 mL), acidified (concéntratgd Hé1) apd extracted
with CH2C12 (4 x 35 mL). The extract was dried.and
evaporated. Kugelrohr distillation of the residue
(100——102°C, 43 mmng) gave‘;-cyc1open€ene—14;cetic acid
(iiﬁ mg, 84%) as a colorless liguid of better than

99% pﬂrity‘(VPC) and which was characterized by

comparison (YPC, IR, NMR] with an authentic sample.



203

(3aa,6q,6a )—H%yahydro—G—;odov2H—cyclopenta[b}furan—z—one

' of mdme (10 ZL g, 40 mmol) and KI (20 1 g,v- |

-;'3:121 mmol) 1n water (50 hL) was added +to a stirred ‘

";rsolutron of 2—cyclopentene~lvacetﬁc actd (2 5 g, 19 g mmol)‘_

in® 0.5 M- aqueaus NaHCO3 (120 mL).4 Stirring was contlnued

,,»;for 48 h w1th protectlon trom 1ight,, The mixpure

;;was decolorlzed by addltlon of 15% w/v aqueous Na2 2 3
(ca. 20 mL) and extracted w1th ether (3 x 50 mL)
'::The orgamlc extract was washed success1ve1y w1th 15% w/v

‘.aqueous Na (30 mL),‘saturated aqueous Na CO :
2 2 3 2 3

‘"‘(2 X 30 mL), Water (2 X, 30 mL), ‘and, brlne (30 mL)

fceIt was drled, concentrated and passed with ether,‘through

Lw{ia column €. 5 x 2. 5 cm) of alumlna.c The flltrate b

f¢LQWas evaporated and the res;due was kept under 01l—pump

-tﬁvacuum (protectlon from lrght) for 14 h to afford 71

(2:8.g, 565) as a- homogeneous (TLC, 5111ca, 1 '3 ethyl S

i racetate—-z 2 4~trimethy1pentane) 011., “IR- (fLLm)

1775 e’ -1, NMR (CDc1 ) 1. 28—-3 4 0n,_6:H), 4. 34——4 6 (m,

 1 H), 5 18 [d (each srgnal havxng W, 2. 2 Hz), J =5, 6 Hz,

%

al'HJp exact mass m/e 251 9649 (calcd for C. I,

7- 9 2’

;dm/e 251 9648 Anal Calcd for C7H9021 - C, 33 36;

:‘H, 3, 60, T, 50 35 o, 12 70 Found:\ c 33, 37; H, 3 43

‘;i; 50. 65 o, 12 92



\\‘.

4-0xa—2—ex0v(phenylseleno)trrbycloj4 3. 1 0 Jdecane 73

e - EMPE I i a2 g

[

v:f;Phenylselenenyl chlorrde (563 mg, 2 94 mmolI ;n EtOAc'
(5 mLY was added dropwﬁse oVen 15 mln. to a st;rred

'._solutxon of endo—Z (hydroxymethyllblcycloIZ 2 Zloct—S—'g~

e132. (iif mg, 2,73 mmol) in EtOAc (lO‘mLS A further IR

| ,Portlon (5 mL) of EtOAc was used to wash all ";v,eﬁf'f

'the phenylselenenyl chlorlde from the addltlon syrlnge

/ 13

:i'.lnto the reactlon mixture and stlrrlng was contlnued ‘:-*
"‘for 24 h.; The solutlon was then evaporated and e
1"chromatography of the re81due over 3111ca gel (1 5 x 30 cﬁ)

w1th l 1.7 ethyl acetate——2 2 4~tr1methylpentane gave 73__'

QyWSBO mg,_72%) as-.a homogeneous (TLC, 5111ca, 1: 4 ethyl e,

acetate—~2 2, 4 trlmethylpentane) 011'_ NMR (400 MHz,'
‘i}‘cuc1 ) 61, 0—1.38 m, 1 H), Lo do—1, 49 (br a, J = 13, 8 Hz,
1H), l7m—195(m,4HL419&—2080m ZHL | “

2. 15——2 25 (m, 1 H), 3 36 (q, J = 3 75, 1 25 Hz, 1 H),.n

23

’ ,mj3 49 @, J 6 75 Hz, 1 H), 3. 74 (q, J = 6. 75, 3 5 Hz,

1wy, 4. 16 [d (w 2.5 Hz) 3 ='5.5 ‘Hz, 1 Hl, 7. 15——7 37 (m,

13,

: 3 H), 7 45-—7 67 On, 2.H), c- NMR (100 6 MHz, CDCl )

6 15 6, 22.1, 26 2, 34 1, 35 6 36 0 51 0, 76 6 81.4,».

126 8, 129;2_ 130.4, 132 7; exact mass m/e 294 0524

Tealcd for 08°Se, n/e 294, 05243. Anal, calcd for

C15 18

1 18ose. }61 43 6, 19 5 46, Found;-u.,v61,33j‘
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’"'cohverSLOn of 4‘§xsezvexo“(phenylselenOLtrlCYCIo"

3,7 lle

14 3 1_0 Jdecan~5—0ne lnto 73 The 1actone Jg

”,A(215 mg, 0 70 mmol) 1n ether (15 mL) was rnjected dropw18ef‘
'r.over 10 mln. 1nto a stlrred suspension of L£A1H4 (66 mg, E

1. 74 mmol) in ether (20 mL).( A further portion (10 mL)

: of ether was used as’ a rlnse to complete transfer of all o

the lactone. After 30 mln..(TLC control), wet ether and

,«then water were added cautlously to the reactlon mlxture.

Stlrrlng was - contlnued for 10 mln,1and the. mixture

- S g

was extracted w1th ether (2 x 50 mL) The extract
h.was washed w1th water (3 x 30 mL) é%d brlne (30 mL) and
rthen drled.f Evaporatlon afiorded the crude del 80-

v'Wthh was kept 2 h under 01l—pump vacuum to remOVef;

"*ftraces of water-"13C—NMR 5 2001, 26 1, 29.8, 31.2, 36.7,

7536 9 53 s 65.6, 127 45 129 1, 134 o exact mass.“r,~7 -

80
15 qo 2

Anhydrous pyrldlne (15 mL) was. added to the crude lel

.ﬁm/e 312 0627 (calcd for c “se, m/e 312 0628)

- (200 mg) and the solutlon was stlrred and cooled to -35 Cg“

".EfToluenesulfonyl chlorlde (147 mg, 0 77 mmol) was added

. “ln one 1ot ‘and stlrrlng was contlnued at —20 c for 18 h

_then at 0——5 C for 8 h and flnally, at roOm temperature

e for 5 days._ The mrxture was d;luted w1th.ether (100 mL)

| and washed w1th water i3,x 30 mL) and then w;th brlne
.ﬁ(2 x 30 le he ether solution was drled and evaporated
’_Flash chromatography of the reSLdue over srlrca gel '“‘w

(2 x 15 cm) w1th 1 9 ethyl acetate——hexane gave 73

e S
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(100 mg, 52%1 as a homogeneous (TLC, 5111ca 1 4 ethyl

"'-acetate—-z 2 4—trﬁmethylpentane2 oﬁl.\ Cqmpar;son of

flts chromatographlc and spectral propertles (IR, NMR, ,?“

;.l3c—NMR, exact massl w1th\those of materlal ebtaﬁned "%”Vf.;

ﬂ\::_ln the prev1ous expermment showed hoth spec1mens to have‘

'wthe same structure.:f

-'\_L\A
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"72-cyclopentenevl—acetic ac;d (l 261 g, lO mhol) ln ;'

‘. (E‘ﬁ" .fv.“ 4 ,". I‘. .‘ ‘ l":. " ‘%\ |

(Baq ’ Ga ’ 6a )-—Hexahydro-— 6- (phenylth.ro) vZH-cyc 1opentaIb] -

RO el

_,,,-

-”furan—Z—one, 70, Benzenesulfep¥1 chlarade CI 446 9,

‘~19 9 mmol) was 1n3ected dropw;se into a stlrred solution of
'*tEtOAc (10 mL) and then EtaN a, 51 g, 14 9 mmol) was added gV
"fln the same manner.g The mixture was stlrred overnlght
f_and then partltloned between water (50 mLT and ether"

»(150 mL) The organlc layer was washed w1th saturated

aqneous Na CO3 (2 x 20 mL).- Chrematography over 5111ca gelf

~a-(45 x l 5 cm) uSLng 1 9 ethyl acetate——hexane gave 68

'f5(600 mg, 25%) as a homOgeneous (TLC,_5111ca gel l 9. ethyl

‘7;;'acetate——hexane), 011 IR (fllm) 1772 cm l} NMR (CDCl )

s, 1—3. 25 (m, 7 HY, 3 69--3 97 (m, 1 H), 4. 76 [a (each

lﬂffe181gna1 hav1ng _% 2 6 Hz), J =-6 Hz, l H],;‘ 8——7 7 (m, 5 H),(

Alfexact mass m/e 234 0715 (calcd for C Ne 32Sr-m/e-*7fi “-t-
B 13 14 2 ‘ L
SR R P
3”_; 234 0715) ‘Anal. Calcd for cl3H140 s: ¢, 66. 54 b
H, 6.02; ‘13;--.6_84.*_ Found: . 66,505 ?'6-:1‘1 5 13 56,
o



%

2 (Phenylselenoéundecan—@vol 35.. Phenylselenenyl

=

chlorlde Cl 91 gﬂ 10 mmoll in EtOAc (20 le,was added from
a syrlnge, wmth~$t1rr;ng, to undecanal (1 70 g, 10 mmoll.

A further portlon of EtOAc (5 mL] was used as a rlnse ?Z'}"ﬁ
to transfer all of the phenylseienenyl chloride.;f 4

-

Concentrated hydrochlorlc acid (1 dropf was added
to the reactloh mlxture and stlrring was contlnued for 4 h,
by whlch txme the color of the reagent had been dlscharged
The mlxture was dlluted w1th pentane (150 mL) and washed

w1th water (5 x 15 mL) to remove a11 ac1d. The pentane

' layer was drled, and evaporatlon ylelded 2- (phenylseleno)-di‘
undecanal,l?3 whlch was dlssolved ln MeOH (20 mL). Sodium
borohydrlde (401 mg, 10 6 mmol) was added 1n smallbportlons

w1th stlrrlng and the mxxture was lmmedlately extracted

a“hl w1th pentane (3 x SO mL) The organlc layer was washed

f_' thh water (3 x 30 mL), drled,,and evaporated

o

-

Chromatography of the re31due over 5111ca gel (l x 45 cm)
u51ng l 4 ethyl acetate——z 2 4-tr1methy1—pentane ‘
gave 75 (250 mg, 9, 8%) as a homogeneous (TLC, s111ca;;;*f
l 4 ethyl acetate——2 2 4-trimethylpentane) 011°3 o |
NMR (CDCl ) 5 O 62——1 96 On, 20 H),c 0——3 8 (m, 3 H),

9‘ 7 16——7 oS (m, 3 H), 7, 4v~1.7 G, 2 H), exact mass

m/e 328 1303 (calcd for c17 28o8 Se, /e 328 13051; S

Anal Calcd for C17 28OSe."; C,
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a Threo-s—(phenylselenoloctanv4—ol zg Sodlum borohydrlde‘af

e X

(260 mg, 6 87 mmo;) Was ﬂdd d 1n Portlons from a side—arm R

'”,raaddltlon funnel to a stlrred solUtfon Of lehenJ1d1531e“rde
'\g7(834 6 mg, 2 67 mmol) in absolute EtOH (30 mL).~ At thls“'
.f‘Stage the reactionrmixture &as colorless and (Z)*4 5"5“‘ i

e
131 (121 mg, . 62 mmol) vas then injected

%iepoxy°ctane
hQStlrrlng at room temperature was contlnued overnlght.'f:u
' fThe solvent ‘was evaporated and the re81due was dlssolvedhff
""ihll‘ether (100 mL) The solutlon was washed w1th ,
"1water (2 2 20 mL), drled and evaporated. Chromatography;"?"
}Sifof the res1due over srllca gel (l 5 x 60 cm) w1th§;ﬁu
;.1 4 ethyl acetate——z 2 4- trlmethylpentane gave 76ﬁ**"' v
.;h;(l 230 gi 80%) as Fn aPParently homqgeneous (TLC, 5111ca,r’itl
Prdl 19 ethyl acetate——z 2 4 tramethylpentane) 011--17‘ R
omMR (400 MHz, cnc1 ) 6 o, 78——1 02 On, 5 H), 1. 24—1. 62 (m,
9 H), 2.35 (br's, 1 H), 3. os—va 19 om,_l H), 3. .5—3.62 Gn,.
‘hlnh z-733(m,3HL &~764(m,2HL ,' j;v
C-NMR - (cnc1 ) & 13 8 14 0, 19 1, 21 4 34 7, 37 o,v.rt |
k"‘;56 3, 73 i, 127 5 129 o 134 8; .exact mass. m/e 286 0831:7

80

u;(calcd for C 0 Se, m/e 286 0836) gk Anal. Calcd ‘

14 22

~ for. c14H2205e | c, 58,94; H, 7 77; o,:s 61, ,;*;df_; G
V'"Found) c, s8. 79 H,‘7 88; o, 552, -

?ht. \j'7;:dh:pe‘“ ,.l'4/4f(,
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\

‘Erxthro—s (phenylseleno)octanﬂvol 77 l35 Th.'LS compound |

1_had MR czoo MHz, cnc1 IRES 0 8—--1 0 (‘m, K m, 1 4«-1 84 G, <
':ge H),\Z 3 (s, 1 H), 3, 23ve3 4 (m, 1 H), 3. 6v~3 72 (h, 1 M,
9, b~734(m,3H) 75z*7s4cm 2 uyy 13 ﬂMR(mmlf
Cgduey 14, o, 19.4, 21.7, 32, 6 35.9, 56.1, 72. ) 127 a,

|
A
|

. a29 1, 129 5 134. 4 : o5 ;‘ ‘j;fA- L g» ;: ,f -
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