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Y o ABSTRACT
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\

A ggncral‘mcthod of transforming aldehydes‘ via i, [3-unsaturat§d esters to the
3-substituted glutarimide ring was d_eueioped ;ri'd 'wa&appli%d to the construction of-
ring A of'(-)-s_esbanimlde A (1) and the AB ring mbiety of ( +)-sesbanimide A (2). The
phase-transfer-catalyzed methylenation reaction of dihydroxy dithioacetal 46 brought

about a l4-migration of the t-butyidiphenylsxlyl group to provide 1,3-dioxolane

~ derivative 49.

+ Model studies towards the synthesis of (+)-sesbanimide (2) and C-15 desmethyl
sesbanimide 93 were carfied out using allylsilanes 74s 79 and 94, with aldehydes 56a

and 8§. ’ \ - ' F)

The synthesis of 8-0-benzyl-13-O-t-butyldimethylsily] sesbanimjdﬁ 88, 13-°
deoxychlorp sesbanimide 89, 8;O-benzyl-l3-O't-b'utyldimethylsilyl~15-desmethy{
'

’

sesbanimide 91, 13-deoxychlor0-15-desrﬁethyl sesbanimide 92, 8-O-benzyl-13-O-t¢-
butyldiphenylsilyl-15-desmethyl sesbanimide 96 and 13-O-r-butyldiphenylsilyl-15-

’

desmethy! sesbanimide 97 are described.

H »




RESUME - \

[y

r i’ .

Ure méthode générale de la transformation d’aldehydes aun glutaromdo o 3

LA
<

substitués correspondants par I'imtermediare des esters @ Z-tasatures aets deve’s o

z
Cette méthode fut employée pour la synthése du eveld \ du Y)-\olxmnmm- Ny
[*4

N A}
méme que pour la synthese des cvcles adjacents A et B du ¢ #))-~esbanomide N (2

Ule migration-1,4 du groupement -butvldiphénvlsilile a ete obseivee lois e 1

catalyse par transfert de phase de la methylcnanon-du dithioacltal dibndroayle o 1« B
N / \ A

derivé 49, un dioxolane-1,3, fut ainsi obtenu. .

Des études prélimmnaires a la synthése du (+)-sesbanmnde (2) ¢1 du
]

sesbanimide 15-desmethylé 93 ont &:é ¢ffectuds « mde de la réaction des wianes
4

-

allylés 74, 79, et 94 avec les aldéhydes 56a et 85.
La synthése des ses"bammides suivants est également dderiter les 8-0-bensyl- 13-
JO-t-butyldiméthylsilyl sesbanimides 88, le déoxychloro-13 sesbanmmude 89, le 8 (-

benzyl-13-O-t-butyldiméthylsilyl desméthylelS sesbanmmude 91, le deoxvehloio-13
: : >

desméthyl-15- sesbanimide 92, le 8-0—bcnzyl-13-()-t-hutyldi.phcn_\lxxl_vl desmethvl-19

sesbanimide 96 et le 13-Q-¢-butyldiphénylsilyl desméthyl-15 sesbanimide 97. '

- ~
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INTRODUCTION

[n 1976, Powell and co-workers! reported that the ethanolic extracts from

detatted seed of three legumes, Sesbanmia vesicana (JACQ.) ELL., Sesbania punicea

(CAV) BENTH and Seshama drummondun (RYD) CORY exhibited significant

5 activity against' P-388 ]ymphowtl.c leukemia 1n vivo.® Further work with the extracts
from the seeds of Sesbama dnommondu led to the 1solation and structural gdudutmn

ot seshbamine ¥ and drummondol * The structure ot the tormer has since been

B _
contirmed by total synthesis R

sesbanine drummondol

1 R G Powell, ¢ R Smith, Jr and R V Madnigal, Planta
Med | 30,1 ([976) N
2 R1 Geran, % H Greenberg, MM McDonald, A M
Schumachér and BJ Abbott, Cancer Chemother Rep . Part
3,3, 1(1972)
. _» RG Powell, CR Snuth, Ir and David Wewsleder, / Am \
T Chert Soc . 101, 2784 (1679) T
r 4 R G Powell and CR Smuth, Jr, / Nar Prod | 44, 36
(19811
3 A'S Kende and TP Demuth, Ter Letr, 715 (1980 '
6 J C Bottaro and G A Berchtold, J Org Chemn | 45,1176
(198M
N MJ Wanner, G heomen and U K Pandit, Heteroavcles,
18 377 (198
K Tomona and K Koga T Letr, 2321 (1981)

s




Although the <hromatographic tractions trom which seshamne and denmrondol w,el
g solated were cvtotonte, e pure compotinds thenselves were eventiaiv dovend o

antirumour achvity

[y

. In 1983, Powell eral V' disdosed the strociare of sesbanimidc 1 o0
potent antitumour compound, notated atter comphicated chivri o
technigues from extracts of seeds ot Sesbarni e Sy ) . |
wubstance waus the cotrect active jreredient wihndh accounnted tor the e

activity observed previoush anoevioacts omy S seeds e s

- 3
determined rdm oo teld pvroton and Geocen nrdloan marpetie e b
spectrometric and mtrared spectioscopro staares na Ny eapet e o
A
?,{/
revealed 1y relatne (but not fibsolute) stereochemisty Seshonad s ey

structlire i which three nngs are bnded be sy he Ponds The toammde, o

andlactol rings are kebelled respectvelv gv AL B and € '

/\\\/

-

™ A yegr later, Gorst-Allman et «l " ulso teported therr structura .0
sesbanimude, after its 1solation from the seeds of Seshanta punicea They cor o

"3 . .

structure of 1, atter an extensive application ot high tield proton and cartb.or, S

supplemented with nuclear Overfauser etfect studies  These rnvestigator e o
L]

9 R G Powell, CR Smith, Jr, D Wensleder, G K
Matsumodo and J Clardv, J Am Cherm Soc 198, 3739

(1983)
10 CP Gorst-Allman, PS Stevn, R VItggarand N /
- Grobbelaar. / Cirern Soc Persin Trans 1, 1311 1 1984)




that in solvents more polur than chloroform <uch as methanol, pyridine and dimethyl

salfoxide, sesbaninnde exists as an equibibrium roxture of the hermiacetal form' ) ana

the ring-openced Fhvdroxvhetone 1a

/O/\/OOH Me

O .
HN’II\/ 0 _*cy
o) 4 N 2

-

——

HN

In a tull paper published by Powell and co-workers'! in 1984, 1 was renemed

vy
sesbantmde A = Turthermore, two cther antitumour active compounds, seszbanimide

-

B oand seshanimide C, were d\escnbed. Whereas the configuration about the C-10

carbon of sesbanmmide A 1w fived, sesbanimide B exists as anemers diftzring in their

contiguration at C-10

seshanimide B

sesbanimide C

Whether 1 15 a fungal metabolite or a higher plant product remains to be"

determimned The biosynthesis of sesbanifide has vet to be investigated. It does

however, bear a structural resemblance to the glutarimfde antibiotics. the more

it R G Powell, CR Smithand D Wensleder,

Phytochermusiry, 23, 2789 (1984)

12. For convenience, sesbammude A wall be simply raferred

to as sesbhanimide trom hereon
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5 ° . .
d prominent members of this class of natural products being \.‘)’Cl()ht“(;m)dc.
streptovitacin A, and streptimidone.
)
' Glutarimide Antibiotics
|
| .
|
| Me., ‘
1 0" >N"o
| H
| cycloheximide streptovyacin A streptimidone '
: /,
: Cycloheximide 1s known to be a potent inhibitor of protein synthesis 1 cnm}:’«mml,
| ’ and streptimidone are also active anufung;'zl agents. S'treptovnacm A. on the other
| i hand, possesses strong antitumour activity. '3 ~
: ' There is some structural resemblance of the lactol C-ring 0* sesharumude to e
| o-methylene-Y-butyrolactone ring. The latter moiety is an integral buillding block ot |
many natural products, especially the sesquiterpene lactones, which exhibit interestiny’
y biological properites. A large number of these active lactones, includiny wrnulcmns '
aromaticin,!® and elephantopin'® have been olated from plant cxtracts wh.ch show
tumour inhibiting activity. However, none of these terpenoid antitumour agents has
been used climcally owing to their extreme toxicity  Attempts to increase the
n antitumour activity by chemical modifications have, so far, been unsuccesstul.
13 H.D Sisler and M R Siegel, Antubiot (Mech *Acuon),
1, 283 (1967)
\ 44 . L. Sequeira, RJ Hemingwav and SM Kupcaan, Science, .
’ 161, 789 (1968)
15. S.M Kupchan, MAA Eakin and M Thomas, / Med Chem

14, 1147 (1971) :
16. S M Kupchan, Y Aynehchi, J M Cassady, H.K Schnoes
and A L. Buruungame, J Org Chern , 34, 3867 (1964,

S Y




( Sesquiterpene Lactones ’ ‘o« .

- vernolepin aromaticin elephantopin

With few exceptions, almost all known cytotoxic sesquiterpe;w lactones possess
an o, B-unsatarated lactone structure, and the double bond must be exocyclic in order
‘tor‘\em to exhibir wctvity - Brological studies performed by Kupchan et al.1718 have
demonstrated a-methylene-Y-butyrolactones to be ulkylating agents which are
_bhologeally active because they u;udergo Michael reactions with biological nuclgophiles
such as L-cysteimne or thiol-containing enzymes. l£1 their studies, it was found that the
e\posure of vernolepin, elcphan;opin and eupatundin to L-cysteine resulted 1n the

3
recovery of their corresponding monocysteine adducts.

Addition Products

\

vernolepin
‘ 17, S M. Kupchan, D.C Fessler, M.A. Eakin and T J.
Giacobbe, Science. 168, 376 (1970). °
18 R L. Hanson, H.A. Lardv and S.M. Kupchan, Science, 168, *
39T . .o
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eupatundin

Based on this information, one could postulate that the antitumour mechanism of
sesbanimide mmght involve prior enzymic oxidation of the C-ring at the allylic carbon,

followed by attack of the exocyclic double bond by biological nucleophiles (Scheme 'l).
Scheme I

OH Me

()

— " + Enz-=N:




1

‘ ' It should be emphasized that the above mode of action is highly speculatjve.

* . Since sesbanimide was isolated in extremely low yields, a thousand pounds of _
startir;é seed material being needed to obtain milligram quantitie;, the full spectrum of
its biological dctivity profile could only be studied after its total 'synthesis. With this in
mind, as well a8 the novelty exhibited by its tricyclic st)ructure linked by single bonds,
and the exceptionally strong antitumour activity of sesbanimde, we were attracted to

’

attgmpt a synthesis of sesbanimide apd if successful, some of its analogues.



Chapter 1
N\ S

Introduction

In this chapter, we describe model studies toward the synthesis of the
glutarimide moiety (ring A) of sesbanimide. '

' Part I begins with our retrosynthetic rationale for the synthesis gf sesbanimide.
Furthermore, we discuss some investigations of acyclic imides and their phosphonates,
in addition to the synthesis of some a,G-unsaturated imides and their attempted
cyclization. \

‘ Part LI is c‘oncerned with our efforts to react certain nucleophiles with halides or
to add them in a conjugative manner to aF-unsaturated compounds, which could
presumably give the glutarimide ring after further elaboration.  Finally, the
development of a general procedure for introducing the glutar.lmide functionality is

described. ‘




The first published structure identification of sesbanimide by Powell ef al?
tentatively depicted it as enantiomer 1, having the relative (7R, 8S, 9R, 108, 115)12
stereochemistry. = However, éincg either .1 or its mirror image "2 was natural
sesbanimide, any starting material we chose to chemically modify should be at\)le to/\

.

provide either-enantromeric form.
) .

=0
¢

19. The (R) descriptor was assigned in error to C-10 in
ref. 9.

-



10

A retrosynthetic analysis shows that the middle 1,3-dioxane ring of sesbanimide
is perfectly symmetrical about its x-axis. Disconnecting this middle ring from the
glutarimide ring (ring A) and the lactol ring (ring C), reveals a dialdehyde intermediate
L '

N

Diacetone glucose 3 has all the necessary functionalities which would allow tor

its appropriate chemical transformation to this intermediate. A potential uldchvdc‘

exist at C-1 and at C-5, while its chiral centers at C-2, C-3 and C-4 have the same

configuration as carbons 2, 3 and 4 in 3. Thus, both possible enantiomers 1 and 2 could

in principle be derived from a suitably protected intermediate I, followed by the

systematic elaboration of the glutarimide ring or the lactol ning about this niddle ring
to complete the total synthesis. The synthesis of each desired enantiomer is dependent °
on which side of the middle ring, rings A and C are placed. Roughly spegking,
enantiomer 1 has ting A on the left and ring C to the right of ring B, which etfectively
means its synthesis would involve the elaboration of the glutarimide functionality at C-
1, and the construction of the lactol moiety at C-5 of glucose. The opposite would hold
true for its mirror image 2.

After a careful examination of the structure of sesbanimide and because of the

reported extreme lability of the lactol ring toyards base,” we thought 1t would be

desirable to construct the lactol moiety at the final stage. With that i1n mund, we first -

set forth to devise a useful methodology for the synthesis of glutanimide pungs from

aldehydes. Studies on. the construction of the other two rings will be discussed 1n

chapters two and three. . .
Although ther? is much chemical literature accounting for the synthests of

glutarimide  derivatives, 202122 that specifically describing  3-monosubstituted
20. M.K. Hargreaves, J G. Pritchard and H R Dave, Chem. .
Rev., 70, 439 (1970) .
21, O.W. Wheeler in Ch. 7 of "The Chemustry of Arudes”, Ed.
J. Zabicky, (1970), John Wiley & Sons Ltd.
po S.R. Sandler and W Karo, Org. Group. Prép., 3, Ch. 7,
Pp.252, Academic Press, Inc. 1972,

Ve
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’

Jutarimide rings is sparse. The papers mainly involve studies pertaining to the

¢vcloheximide cluss of antibiotics. 23242326 All their preparations require multi-step

* equences, with some of the steps involving strong acd and extremely hich
. v
femperature condittons (>200%) The need for a mild and expeditious synthesis of the
rd L 3 -

glutanimide was theretore obvious

Almost all procedures for nng cychzation of cychic imides involve formation ot

°

the carbonvl-carbon-mtrogen bond as a last step We thought 1t might be interestuny
and challenging to devise a short route tor forming cyclic mudes through
erunmlecul.xr conjugate addition reactions of acyche inades

It was felt that an acychic imide in the form of a bisphosphonate ester 3 could

- -

react with an aldehvde to torm trans-olefin phosphonate A. Cvclization of the anion ot
A may then lead to glutarimide B. The secord phosphonate group of compound A, tne

role of which was to ympart appreciable acidity to its g-methine hydrogen 1o enabic

carbanion formation, would he removed later atter the envisaged cyclization.

N

H H N._O
. o
N
O/TN © Rewo OO __ 2
X ~plom p(OMe),
. (M,o), P P(OMe), \ f ( e); I
il Il o R O
(o) (o} . R
5 At B
' H
H
0 o o) 0
NS
onp? e, PPh PPh,
I R R
. 23 DD Philips, MA Acitell and J Menwald, J. Am. | )

Chem Soc , 79, 3517 (1957).
4. BC Lawes,J Am Chem Soc., 82, 6413 (1960).
ALY F Johmson,J Org Chem., 27, 3638 (1962).
. 26. M. Suzuki, Y Egawaand T Okuda, Chem. Pharm. Bull.,
11, 589 (1963) *

| (
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J This same sequence of events could theoretically be achieved by its phosphonun viude
, homologue II, but this idea was abandoned because phosphonnim vhides are known (0
be less nucleophilic than the phosphonate carbanions Uven it the Grst oletinatiornt s
could be successfully performed, the ensuing Michael wdditien siep wontd be lee iy
. to proceed compared to the pnosphonate anon ot A
’ In order to svnthesize bisphosphonate ester & the startne dichioro nade 1, e 1
to be prepared. According to the recommendanons of March.” the best swmt «
method for the preparation of acyclic imides 18 the reaction berween an amide wod
anhydride at 100° catalvzed by sulturic acid” his statement was hased o
A o *
Petterson’s=S extensive studies on the monoacylation ot anmudes e a0 proc sdure
earlier developed by Davidson and Skovronek =7 ‘Thus, the tormation ol
- bis(chloroacetyl)amine 4 was achieved in 657 yield by reacting 2-Chloroacetangude and Ne
chloroacetic anhydride, with_ 10095 suifurte acrd  That 4 was indesd obtuned, wos
confirmed by mass spectral, infrared, and 'H NMR evidence,  Purthermore,
- spectroscopic details of this symmetrical 1mide were 1dentical to tese reported by
o '
| Booth and Noori.?V '
- \ .
f
) )
' O N0
Oy NH, : -
+  (cicH,c0)0 -
. Ci Ci
k 4 ’

J. March in "Reactions, Mechanisms, and Structure’ 3rd

. Ed, pp.379 (1985), John Wiley & Sons

R.C Petterson, K. Barburao, A.M Costello and G E o

Sander, J Chem. Soc. (C), 2779 (1968) * ‘

D Dawidson and H Shkovronek, / Am. Chem Soc , 80, 376

(1958).. )

B.L. Booth and F M Noon,J Chem Soc Perkan Trans o -
1, 2894 (1980)
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Before pr6cceding with the discustion of.the formation of bisphosphonate ester

5§ from the symmetrical imide 4, one should note with interest that assuming
o

coplanarity of the -~-CONHCO- structure, three possible rotational isomers are

-

possible for any acyclic imides. They are shown in Figure 1.

r

Figure 1
H
H H
Oy N0 R N R R N\fo
Y'Y Ty 0
R R / R
.a;_cu Twu.m 3 trans-cts

The frans-trans structure was tentatively assigned by us to bis(chloroacetyl)amine 4
based on the following arguments from evidence collected from an infrared spectrum

taken of a crystalline sample; (1) a band ut 1520 eliminates its existence as the cis-cis

" rotomer. Succinimide®!32 and glutarimide,33 because of their cyclic nature, cannot

exist in any configuration other than the cis-cis form3 and do not exlubit any strong
band in the 1450 to 1600 cm’! region; (2) its infrared spgctra was quite similar to that
reported by Uno and Machida333 for the trans-trans isomer of diacetamide and for

four other trans-trans saturated acyclic imides, determined in their crystalline states and

31 J Chouteau, Buil. Soc. Clum. France, i) 20, 1149

(1953) . .
32. A.W. Baker, J Phvs. Chem., 61, 453 (1957). ‘L
33. R.L. Frank and J B. McPherson, Jr.,J. Am. Chem. Soc., v
71, 1389 (1949). g
34. H.K. Hall and R>Zbinden, J. Am. Chem. Soc., 80, 6428 . - P
(1958). '
3s. T. Uno and K. Machida, Buil. Chem. Soc./pn, 34, 545
(1961).

36. T Uno and K. Machida, Bull. Chem. Soc. Jp#, 34, 551 ; . .
(1961). '

[N
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T (3) the IR spectra of imide 4 also.failed to reveal any band in the 1690-1695 ¢m ™!

region, which is characteristic of acyclic imides possessing the trans-cis geometry.

The first attempt at forming bisphosphonate ‘5,- by simply refluxing
his(chloroacetyl)amine 4 with a six-fold excess of trimethyl phosphite tor ca. 18 hours,
gave a mixture of predominantly undesired side product dimethyl methyl-phosphonate,
and a trace amount of the required bis(dimethyl phosphonoacetyl)amine 5, ldcnuf-lcd

/ by 'H NMR. That con;iderable amounts of aimethyl methylphosphonate were formed
reflect the ease of interaction of methyl chloride (generated during the second step of
the Abuzov reaction) with trimethyl phosphite in contrast to the latter’s low reactivity
with starting material 4. Because the molar quantity of dimethyl methyiphosphonate

obtained vastly exceeded that of used starting material, this suggests that only a

catalytic amount of chloride was required for generating the former compound.

H
N

y, ,
H
O ™N° plom) °

)
0
| " \Eﬁ(om), + Me-—g(OMo),

o 5 O
4 ~

g

3

3738 are available indicating that "wh’{re the alkyl hahde .

Literature precedents
employed is not identical with the one eliminated during the second stage of the

reaction; a mixture may be formed." as shown by the equations

¥ R-X + P(OR'), = RP(O)(OR'), + R-X

2) R-x + P(OR"), ~ RP(O)OR'), + R-X

37. A~K Bahattacharya and G Thyagarajan, Chem. Rev , 81,
415 (1981)
38. G M. Kosolapoff, J Am. Chem. Soc., 66, 109 {1944)




Thus, 1t was felt that 1f methyl chloride formed in the reaction was to be removed as

{

rapidly as possible from the reaction mixture, the course of the reaction should be
cleaner This problem was resolved by bubbling nitrogen into the solution vigorously
during the refluxing period Consequently, formation of dimethyl methyl phosphonate
was Jreatly dlmm].shé:d and after 1ts removal along with excess trimethyl phosphite by
vacuum distillation, the remaining residue, bis(dimethyl phosphonoacetyl)amine 5 was
judged by 1ts 'H NMR spectrum, to be sufficiently pure (>95%) for the next step.
Bisphosphonate ester 3 was well-characterized by its 'H NMR, infrared and mass

/
spectral data.
Now that the desired bisphosphonate was obtained, the next step would be a

model study 1nvolving the reaction of this compound with benzaldehyde. We were
hoping that the tollowing transtormations would occur 1n a one-pot reaction:

(1) Oletin formation as a result ot the Wittng-Horner reaction of the first phosphonate
carbanion with hcn/aldc}?’\dc giving 6 and (2) subsequent addition of the second anion =

m an.anternal tashion to provide glutarimide C, which also satisfies Baldwin's rule,3?

which states that b-endo-trigonal ning closures are favoured

H H H
o N\ﬁO\ 0 N\Eo Oy N~ _0
, X |F|’(0Me)2 XA irr(ome)z ﬁ(OMe)z
Ph O Ph O
6 ‘ C

. \ ’
I the fist reaction where one equivalent each ofy benzaldehyde and
-
bis(dimethyl phosphonoacetylamine were treated with two equivalents of sodium

{ . | | )

R JE Baldwin,J Chem Soc , Chem Cormm 734 (1976).
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-

hydride in THF at room temperature, almost all the benzaldehvde was transformed

into trans-cinnammde 7, vielding no desired cyclized product C.

j/ \E PhCHO 0 n 0 _
(MeO) OM") K \g

H
5 \X 7
oM
~— ”( °)2
ph O
C

Confirmation of the structure of trans-cinnamimide 7 was based on muss spectial,
\

infrared and 1H NMR data. Its mass spectral data, 1in addition to ¢isplaying the

molecular ion peak m/e 277, also displayed two prominent sets of tnads among other

Worecults The hirst ot these triads

peaks, 1n close agreement with Lalonde and Davis
was located at m/e 206, 205 and 204 and thewsecond at 180, 179 and 178 One set only
of AB quartet protons centered at 762 ppm with a coupling constant of 15 Hz was
indicative of the E-geometry about both newly established oletinic double bonds

After faihimg to obtain C i a one-pot method, a4 two step symhc’sm WS
uattempted in an effort to form the glutartmide ring  Our arm was to first form and then
isolate the monophosphonate ester 6, before making 1its anton in an ctort to cychize tt
After repeating the reaction with different storchiometric quantity of reactants (one

equivalent of benzaldehyde, two equivalents of bis(dimethyl phosphonoacetyvl)amine,

one equivalent of sodium hydnide) at the same temperature and condition, we were

40. R.T. Lalonde and C.B. Dawis, Can./ Chem , 47, 3250
(1969).
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’
( successful 1n isolating the desired monophosphonate 6 1n appreciable vield (61¢¢ with

respect to benzaldehyde)  Auempted closure of this moiety vig its anion to the 2.3-

disubstituted clutanimide nirg C was infortunately ansuccessiu,

. H o N H
Oj/N\fo' Y \EO WV O N\(//o .
| YN -
© ' C

At about the same time, we also invesugated the formation and the pessible

closure of simpler apg-unsaturated irudes without the second phosphpnate group

P-4
H H
o) N\fo o.MN_ o
~ CH, -
R R )

' Therefore, a phosphorane or phosphonate imide was needed as starting
material. More explicitly, an extension of an aldehyde via its stabilized Wittig reaction .~

with a phosphosane, vlide D or phosphonate anion E should lead to the required N

| *
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acylated o 3unfsaturated amide F, readv tor the attempted closure to the 3-substituted

glutanmyde.
. H
. Oj/NYO *
' CH
PhyP~ ’
D \ (o]
/o
N T %
) ~ T S ¢ H’
: 7 .

_ (MEO)zﬁ
O

’

Since the hknown reagent carbamovitniphenylphosphorane 8% Couly

et

convenientiy prepared 1n one step, we tried to chemictlly noditv ey o Voo
4
: 4 1 %
-derivative 9, 10 the usual manner Treatment Gt 8 with acetic anhydride andd o italv
amount ot fuming sulfuric acid gave a less polar product as observed on TT C Alres

workup, we did not obtain the expected imide, but 1solated inctead the toliowine ni ik

10. o

H
f o) N\fo 4
Ac,0 j/ CH
H,50
2SO Ph,P7 :

41. S. Trippett and DM Walker,/ Chemn Soc., 3874 (1959)
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. ( The probable mecharism for 1ts formatson 1s shown in Scheme IL

0] 0 X -
TR Scheme 11
[l ® BN PNy o R ¥ AV ] ’
*
P 3
c—cH Ac N--H
"H,:‘ ,\_/”;/’ 3 L *L/ ‘/
C -CH, PhP N~ CH,
\ o o} “
‘ c=N n_ =N
10 — <
cH oh ;; C—CH,
phP?Z ) 3 i ,
o
.} .

Structure 10 was confirmed by 'H NMR, mass spectral, and intrared data. The 'H
NMR showed a methyl singlet at 2.37 ppm and an aromatic multiplet centered at 7 60
ppm, and the absence of the imide N-il proton. Its infrared spectrum showed an
« absorption at 2170 cm’!, characteristic of a nitrile functionality. There was also a
carbonyl absorption at 1585 cm™. No bands were found at 1740-1670 cm! associated

with carbonyl absorptions for 1mides (taken in the solid s.tate), nor were any N-H band
_tound near 3250 cm L. In addition, the mass spectrum of 10 showed a peak at m/e 343
which corresponds to 1its molecular ion, rather than m/e 361 expected for 9.
Bccausg of this surprising and rather unexpected result, we elected to synthesize o

the, phosphonate derivative 12. .This could cénceivably come from the heating of '

trimethyl phosphite with N-2-chloroacetylacetamide 11. Adopting again the generel .
( procedure published by Petterson et al.*8 for the acvlation of amides, 11 was made in

81 vield bv heaung a mixture of acetic anhydride and 2-chloroacetarmide with a

catalytic amount of tuming sulfuric acid. It should be noted that Polya and
) ~
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‘Spotswood?? had previously synthesized this cotpound using 2-chloroacetamide and

acetic anhydride in the presence of acetyl chloride as catalyst, resulting in lower yield -

(50%).

Ac,0 { H
O._N-_0O

Oj/NH: H,SO, X ~¢

After obtaining the asymmetrical irhide 11, the synthesis of dimethyl V-
acetylphosphonoacetamide 12 was pursued by heating imide 11 with trniméthyl
phosphite. For reasons discussed earlier duning the preparation of bisphosphonate §, «

stream of nitrogen was required to dimimmsh the production.of undesired dimethyl

meéthylphosphonate. .
N ( o n o Ne_0
PiOM o 0
"j/“(\fo — % _ j/ he PhcHo . Y T
cl CH, (Meo),lFl' CH, . X CH:
.oMn ° 12 Ph
. 13 s
o]

We thed proceeded to test this phosphonate’s amon reactivity wih
benzaldehyde as the model aldehyde. The phosphonate carbanion ot 12 reacted
smoothly with benzaldehyde giving N-acetylcinnamamide 13 in 70% yield. A proton

. coupling constant of approximately 16 Hz cerufied that the condensation had resulted

in pure trans-olefination.

42, JB Polyé and T. M Spotswood, Rec. Trav. cum , 67,
927 (1°48).
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With regards to this successful Wittig-Horner condensation and ‘the earlier
mentioned bisphosphonate S anion reaction with benzaldehyde, we believe it to be the’
first time phosphonates containing imide groups have been involved in providing a
useful route to cpS-unsaturated imides. Prior to now, there was only ore small note of
phosphonates containing secondary and tertiary an;xdes reacting with aldehydes and
ketones to afford dﬁ-unsaturated secondary and tertiary amides.*>

The next step was to effect its cyclization. We envisaged that the cyclization
would occur after formation of its dianion. Treatment of 13 with 2.2 molar equivalents
of 'n-butyllithium 1n THF at -78% immediately led to the disappearance of starting
material giving two very non-polar products and a third highly polar product on TLC,
all of them highly UV sensitive. These two non-polar! products were identified as
ketone 14 and alcohol 15 by TH NMR. The latter was formed as a result of the
addition of n-BuL.i to ketone 14. The third and most po\ar compound was identxfiea as
cinnamamude after a companison of its R value with an authentic sample on TLC.
That both 15 and cinnamamide are products of this reaction attests to the susceptibility
of both carbonyl centers towards nucleophilic attack by n-but;/llithium. The side

products, acetamide and 2-hexanone were not observed probably due to their loss

during aqueous workup and during solvent refnoval.

~ ae

o O o OH

I H I n-BulLi il ]
PhCH=CHC-N-CCH, - PhCH=CHC—nBu + PhCH=CHC—n-Bu

i A |

: »n-Bu

13 14 . 15

43 I. Shahak. J. Almog and E.D’ Bergmaan, Jsr J Chem., 7,
S85 (1969). :
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While this work was in progress, Czarnocki and Wrobel** also reported’ that
treatment of several acyclic and cyclic imides with phenyllithium led to ketones and
amides, products corresponding to nucleo{)hilic attack of phepyllithium on the carbonyl
centers of the imide. Our findings confirm their observations regarding treatment ot
imides with organolithium compounds. .

Therefore, the need for a non-nucleophilic and more sterically hindered base
was warranted in order to comvert 13 to its dianion, We found lithium
bistrimethylsillylamide45 (prepared in situ from hexamethyldisilazane and n-
butyllithium at -78°) suitable for generating dianton 16, as little or no undesired by-
products were formed even after warming the reaction mixture to ~50°,
Unfortunately, the cyclization of 16 could not be effected either. Proof of dianion
formation was obtained by quenching the reaction mixture with methyl iodide o vield

17. The isolated product indicated that the condensation took place only at the methyl

carbon even though the N-H proton was assumed to have been abstracted as well.

Thus, the methyl resonance which had appeared at 2.47 ppm in the 'H NMR spectrum
pp pp p

of 16 was replaced by a methylene quartet and a methyl triplet centered respectively at

H
Mel " p

h

2.70 and 1.18 ppm.

17 i

'y ' AN

Ph

M, . Z. Czarnocki and J.T. Wrobel, Bull. Pol. Acad Sc.,
Chem , 32, 335 (1984)

45. J C Stowell, "Carbamons in Organic Synthesis’, John
Wilev & Sons, New York, 1979, p. 15.
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‘ In another attempt at cyclization of N-acetylcinnamamide, 13 was reacted with

2.2 equivalents each of trimethyisilyl trifluoromethanesulfonate and triethylamine to
generate the 2-aza-1,3,5-triene 18 intermediate, hoping that the intermediate would
- cyclize. We knew beforehand that treatment of diacetamide with trialkyls}\lyl triflates
resulted in the formation of 2-a(za-l,3-dienes, which acted as powerful dien\ophi}es in
~ . cycloziddition reactions.* We could not predict however, the consequence of placing a
third olefin in conjugation with the 2-aza-1,3-dienophile system. Optimistically
speaking, a successful cyclization of the type depicted by 18 could in principle, provide
the sought after glutarimidg ring after an acid hydrolysis workup.

H :
O N<_0 [Tus0 /NYoms Tmso_N__oTms H
A e O N
[
’ N CH— |, Vs - | H,0
H+
Ph Ph Ph '
- — - Ph
13 \ /\‘ 18 )
¢
.. Treatment of 13 with trimethylsilyl trifluoromethanesulfonate and triethyl

amine led to two products after purification by flash chromatography.*’ The less polar

product had an R exactly equal to the starting material. It could not be identified. The
0 rl

second product 19 apparently resulted from a Diels-Alder reaction between two

molecules of 13. The course of the reaction is outlined Below.

‘ 46. F. Sainte, B.S Serckx-Ponain, A.-M. Hesbain-Frisquc and X -
L. Ghosez, J. Am. Chem. Soc., 104, 1428 (1982).
47, W.C. Still, M. Kahn and A. Mitra, J. Org. Chem,, 43,
) 2923 (1978)
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18 C 19

Even though we were not able to isolate the highly reactive intermediate 18,
isolation of the Diels-Alder product 19 was ample proof of its formation The I
NMR, mass spectrum and high resolution mass spectrum were n accord with the
proposed structu‘re of 19.

The decision was then made to alkylate N-acetylannamamide with benal
bromide. It was based on the highly tentative assumption that the removal of the
acidic N-H protqn would result 1n a more electron deficient double bond  The pensyl
group was chosen because of 1ts tacile removal by catalytic hydrogenation, assuming
successful cyclization took place. Treatment of N-acetylcinnamamide with sodium
hydride and benzyl bromide¢ in DMF resulted in 4ts conversion to tertiary amide 20 Tt

infrared spectra demonstrated a doublet between the 1600 to 1700 em™! range, giving

credence to the fact that the product isolated was strictly N-alkylated (and not -

alkylated).

<

0. N _O
‘ ~ CH, *
Ph
20
: -




! However, treatment of 20 with non-nucleophilic bases guch as lithium

iexarhethyldisilazide or lithium diisopropylamide in THF or potassium ¢-butoxide in ¢-
utanol at room temperature failed to cyclize the compound, and only starting material
as recovered. Upon prolonged heating with the ¢- butomde/t butanol system, we

[

ould enly obtain the secondary amide 21 resulting from acyl cleavage, along with
f)roducts of decomposition.

'
’

4‘ - ‘ — —1 ¢ Ph
Ph =
] Ph . rph r '
ol _N-_O r 0 N\H
0. _-N 0
o._N 0
I CH, — Y N S
Ph N Ph
Ph Ph
‘2 _ ] 21

.

We then went on to explore the chemistry of its silyl enol ether 22. It was felt

> that a Lewis acid would coordinate with the carbonyl oxygen of this compound, thereby
— . : .

activating the a.3-unsaturated system towards an internal Michael addition, and

hopefully resulting in closure. The synthesis of silyl enol ether 22 was achieved bv

quenching the enolate anion of 20 generated by lithium hexamethyldisilylamide with

chlorotrimethylsilane. .

Ph

/
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This silyl enol ether was identified by H NMR alone. Owing to the extreme

susceptibility of the compound to moisture, no mass spectrum was obtained. Highly

apparent 1n its 'H NMR spectrum are two sets of doublets (J =18 Hz) centered at 4 03

and 4.20 ppm corresponding to the two vinyl protons, in addition to other wignals.
Once isolated, 1t was immediately treated either with titanium tetracijornide or with
aluminum chloride, in an effort to effect Lewis acid promoted cyclization. Agaun, the
cyclization attempt was thwarted for only unreacted a,G-unsaturated amide 20 was
recovered.

. In conclusion, we would like to suggest that the failure ot the amon ot 20 to
undergo an internal Michael condensation 1s due to the poor electrophilic character ot
the olefinic bond of the a,3-unsaturated system. Another possible reason is the fuilure
of the enolate anion to be 1n the proper orientation with respect to the double bond to
allow for closure, since three possible configurations are permuissible as depicted below,
-1 -1

— —_ ) _1
F_R ~ -

R
Lo I Ph
Oy N~_-0 o R
-pY \NT Lo
NS 0
R
I i i L o

Unfortunately, studies of rotatio‘ﬁal barriers have not been carried out so tar,
|

and this latter explanation 1s speculative. \

Dr. G. Sacnipante™3

-

in our laboratory, found that treatment of N-2-

bromoacetylcrotonamide 23 with AIBN gave exclusively 2-ezhylsuccxmmxdz¥ 24"

“

48. G. Sacnipante, Ph[}/ Thesis, Dept of Chemustry, McGill |
University, 1987

49, G Sacnpante, C Tan and G Just, Tet. Lett., 5643
(1985). .
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resulting from a 5-exo-trig addition of the radical to the olefinic bond, with some
A\
reduction product.

N ‘ H
o) To A O —N-_O
& Br ~ _
CH, CH, -
23 24

Failure of all our aforementioned attempts at cyclizing the c,3-unsaturated
imides to the corresponding glutarimides compelled us to investigate other approaches,

which are discussed in part II of this chapter.
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In view of the failure to effect cyclization of a.f-unsaturated imides, we
investigated other possibilities for the construction of the glutarimide ring of
sesbanimide. ”'

Our approach described in this second part of the first chapter is directed
towards finding the shortest route possible to cor;structing a bifunctional carbonyl
derivative of type I, starting from an aldehyde functionahty. Transformation ot any
initial aldehyde to I could be envisaged to occur 1n two steps, the hrst step
Incorporating a two-carben unit homologation and the second step imphcating another
two-carbon unit addition to the starting aldehyde’s carbonyl carbon  Moreover, thi

:
pair of two-carbon units should bear an egter, amide or aldehyde terminus, allowing tor
the requugd chemical modifications, before or after the cyclization step to the
glutarimude ri:ig.

A 1

. Y ~ )l< second step T X
=C C=Q‘_ ___ o=cC . L first step
| + c=0 ———
‘ ‘\'/] : R fl ’40
R R R

Il X,Y=OR,NHR,
Cl,H

. ALY ~ . . O
Many methods are available 'to accomplish the first two-carbon. umt

f

homologation{\ Wittig-tvpe reagents are especially attractive because they are rapid
reactions. Furthermore, the ensuing a3-unsaturated compound 15 4

and high yiel
potential Michael acceptor for subsequent nucleophilic udc\ijtmn of the second two-

(

carbon unit.
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For the second two-carbon unit condensation, we tirst considered the use ot
.
tashed Macetamide” svnthons. Anions of NVO-bisttnimethylbsitvhacetamide (hereafter
denoted as BSA) hove been krnown to add to ketones and aldehvdes affording 3-
Sudrony acetamides neveellent yield Y00 Tikewise, the same producis could be
t

cithosized using the dianion ot N-(tnimethylalvljacetamide The latter (s Anown dis
o alkviate methvlhiodide, n-hund bromide and benzyl chloride, and also participatg in
codation reactions aiving beto amides °F Untortunately, tnere has been no menton
whatsoever fegarding their dhemical behavionr towardsagg-unsaturated compounds It
cither one of them behaves as a Michael donor, the resulung adducts TH would orh

4

need some smadl chemical moditicanons to make the clutarnnide ring For enxample,
-
they were to addn a Lstashion to agg-unsaturated aldehvdes, we would be able o

antain the corresponae ramide-aldebvdes G T amide-aldebyde s known to exast

th

tautorreric equilibrium with the carbimolamine Homwhich H s ihie preferred form.-’

»

Purthermore, there o o wlable mothe hiteratize, a4 method tor the ovdauon of ki

carbinolanmune incien vith manganese dioaide to the glutanmide™?

On the other
hand, a successtul 14 addinon by an acetamide svnthon to the corresponding ester

)

would provide the monoanude I which could then be Tvelized by known literature

methods "0

A0 T Morwick, Ter Letr, 3227 (19380) . .
s DA Evans and RY Wong, J Org Chemn | 42, 350 (1977)
82 I'M Huarris, PC Ku/maand L E Brown,/ Ory Cnem, /
49,2015 (198 4)
33 JC Hubert, IBP A Winberxand W N Spechamp,
Tetrahedron 31 1437 (1973)
M P de MawvoandS T Raewd. Chenn and Ind - (Lond ), 1570
(1962)
AN S R Sandler and W Kgro Org Group Prep. 3 Ch 7,
pp 2320 Academie Procs tne 1972 ¢
36 M K Hargreaves, J G Prichara and H R Dave, Cliem

Rev ., 70 +1 (I“:M) and reterences cted therain

-»
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H,N H
Y
N oy HO__N._0
-
NS ~
R R
” \ H
“- "
CH,CNH,
————— ©
s H
CO,Me MeO.C  CONH, o N-_O
N k\) —
R R - R

In a model study reaction involving the BSA anion and crotonaldehvde, silvl

-ether 25 was obtained rapidly The newly created alkoxde becomes wlvlated, either by

internal silyl transter or by a second molecule ot BSA.

CH,

-

(er)s

i
[ N
o=

Q,,\ 0Si(CH,),

CH,

.

HN._oO
(CH,),Si0
H,0 S
CH,
25

Because the a.3-unsaturated aldehyde reacted with the BSA amon by 1.2 rather than

1,4-addition, 1t was decided to attempt an analogous reaction with a S-haloacetal. A

recent procedure by Gil®7 describing the one-pot syntkesis of ;Fhalides of acctals from

57

G Gil, Tet Lett, 3505 (1988

~




{ &,B-unsuturuted aldehydes was available; therefore, we then Pormed the acetal halides

26 and 27 by reacung cannamaldehvde with ethylene glycol and the appropnate

trimethylsilvl hahde. '

- [\ M T os

o o_ 0O o_ C 5 CONH,
HOCH,CH,0H o —-Y conH, “h0
NN Me ,S1X X %7 Y e
*
_ Ph
pn X=LBr on Ph
26 X=| v : G
27 X=Br ~
L'
.\" A

Once the halide was obtuned, s displacement by "masked” acetamide derivatives

could in principle, be pertormed to give the amide-aldehyde G after an acid hydrolysis

a9

step An unknown factor ot importance i this approach was the nucleophilicity of the

acetampde equivalents towards secondary halides  In their studies with the dianion ot

) 3 -~ . ~
N-(tniyethyisidyDacetanude, Harnis er af 3 noted the successful alkviation reactions of

the latter with primany and benzyvl halides. No mention however, was made regarding

its reactivity with other classes ot halides, such as secondary halides.

v

Unforginately, the experimental results were quite disappointing.  Firstly. 3-

todoacetal 26 was very unstable and 1ts immediate treatment with the anion of BSA or

the dranmon ot N-trimethylsilvlacetammide at -78° failed to hfford 1V but yielded only
cinnamaldehyde  Secondly, reactions involving these "masked” acetamide anions with
* fthe more stable g-bromoacetal 27 also gave cinnamaldehyde, in addition to unreactéd .
starting maténial.  In these reaction/s‘ cnnamaldehyde was presumably formed after

' base induced elimination of HX (X =Br, 1), followed by acid hydrolysis of the acetal .
|
|

( moiety., -
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(o) (8] . 0 o) R 0
base o H.O
X N H* N
Ph Ph . Ph
K‘ -
-

In experiments mvolving, reactions between antons of BS N and diamions of A
tnmethylsilylacetamude  with methyl  cmnamate, onby metn' Gonamate and
surprisingly, a trace amount of N-acetylemnamamide were recovarad No Mo

S
addition products were 1soiated. :
v
\
IOTMS
CO,Me cH—C=N—
2 CH-C=N=TMS = Meb.C  CONH,
~ g ——
-
’ « Y ’
- .
. Primary or,G-unsaturated amides as Michael acceptors are rarely reported i thy

. " ' . - . - . < (
> literature. * Until now in this class of compounds. only acrylumide™S*™ an

N

r
;‘X 38. Bruson, U.S. P 2, 370, 142, Chem Abs , 39, 3544
(1945)
o 59. D Elad and D Ginsburg,J Chem Soc.. 4137 (1953) .
60. T. Kametani, W Taub and D Ginsburg, Bull Chem Soc
Jpn, 31, 857 (1958). .
’
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methacrylamide®! have been reported to undergo Michael condensations. For
h

14

example, Ginsburg et al.% condensed the dibenzyl malonate anion with acrylamide, to

L 4

provide the following glutarimide derivative.

_/ . -
. OBn - o
OyNH ~ o8
n
K 0oBn

. * * . ’
We decided to try this reaction with frans-cinnamamide as the 3-unsaturated amide

and dimethyl malonate as the Michael donor. Coendensation of cinnamamide with

dimethyl malonate in the presence of sodium methoxide gave glutanmide ring 28

directly, albert 1n low and variable yields of approximately 15-25¢¢ 1n addition to
t

methyl cinnamate, triester 29 and much unreacted cinnamamide. An explanation for

the products recovered is outlined in Scheme [Iland Scheme IV.

. Scheme 111
' ” >
HNOC CO,Me
MICHAEL COMe H
™ Ph "]/ o._N__ 0
CONH, CO,Me :
\ﬁ . < ] H COzMe
N._O Ph
CO,Me 0
Ph , ) ,
X CO,Me 28

N—ACYLATION  pj

J

ol. Oesterr A.G. Stickstoffwerke, Austnian pat. 176,845
[CA, 48, 10772 (1959)].
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The reaction proceeded eithe:r by (1) N-acylation resulting from the condens;tion of
the anion from cinnamamide with dimethyl malonate, 'follqwcd by subsequent
cyclization or, (2) direct addition of the carbanion of dimethyl malonate to the (3-
carbon of cinnamamide, followed by formation of the imido structure.

The formation of methyl citnnamate may be ®xplaintd by the nucleophilic attack
of sodium methoxide on the hypothetical acyclic imide intermcdlalt;: J. which in turn

could also act as a Michael acceptor for dimethyl malonate amon, accounting for the

formation of the triester by-product 29. This 1s outlined in Scheme IV,

' " Scheme IV
o o -
I H U
PhCH=CHC—N—CCH,CO,Me .
_J ‘
| MeO 7
/ . CO,M
M‘o:c . ﬁ zve
+ PhCH=CHCO,M¢ H,NCCH,CO,Me + A
MeO,C 30 Ph
l | , ' ‘
MeO,C  CO,Me
\ ’
. ICOZMQ' ¢ ) 28
29 Ph ) e

A third plausible mechanism for the formation of glutarimide ring 28 suggests

involvement of by-products in Scheme IV. Presumably, the half amide of mualonate
L]

ester 30 may also add in a 1,4 manner to methyl cinnamate (itselt a by-producy),
followed by N-C bond formation to afford the disubstituted glutanmide 28 (sce
Scheme IV). Because of the low vield nature of this reaction, we decided to investigate

other approaches. \
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The result of this work convinced us that a,G-unsaturated amides are poor
Michael acceptors and therefore, the acceptor would have to come in the form of an
a,(F-unsaturated ester. What was required was an acetate synthon, for the acetamide
synthon was earlier found incapable of adding. We decided upon dimethyl malonate
as the acetate synthon after giving careful th(;ughts to the following considerations.
Methyl acetate or ethyl acetate existing as their lithio enolates or enol silyl ethersy
ﬂwc‘)uld be 1deal synthons provided that they would add in a 1:4 fashion. However, it has
been noted that the quenching of anions of methyl acetate®2:63 and ethyl acetate with
chlorotnimethylsitane gives a mixture of C- and O-silylated products. Furthermore,
their treatment with Lewis acids results in self-polymenization, prohibiting their use.
The l;lhio enolate of methyl acetate has been shown to add 1.2 to a,3-unsaturated
ketone (and not 1,4) by Rawnd and Ikan.®* Anoth;r compound, O-methyl-C,0O-
bis(trimethylsilyDketere acetal, synthesized by Matsuda and co-workers,°5 is des'cribed
to add in a Michael fashion to au3-unsaturated ketone upon treatment with TiCl,, but
has not been tested yet for its action on3-unsaturated esters. Moreover, miking this
reagent requires two steps, and assumung that the addition product could be formed, a
protodesilylation step would still be required.

The anions of malonates gives exclusively conjugate addition to «,3-unsaturated
carbonyl systems, as evidenged by the great number of pertinent references cited in

Bergmann's® review article regarding Michael reactions. A model study was then

attempted with the goal of making 3-phenyl glutarimide, starting from the 1,4-addition

6. C. Ainsworth, F. Chen and Y N. Kuo, J. Organiomet Chem., I

46, 59 (1972)
63. M.W. Rathke and D F Sulllivan, Svn Comm., 3, 67
(1973) ?
od. U Rawd and R. lkan,J Org. Chem ., 39, 2637 (1974).
o5 I. Matsuda, S. Murata, and Y Izumi, J Org. Chem.. 45.
237 (1980) \

vb. ED Beramann, D Gunsburgand R Pappe, Org React.,
10, 179 (1959)
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of dimethyl malonate anion to methyl cinnamate in refluXing methanolic sodium

methoxide solution. «

MeO.C CO.Me MeO,C  CO;Me
COQMQ cczme i
—t CO;MQ _————
\ (\ a
Ph ..
31 32

The resulting Michael product, triester 31 was obtained in appronmately 6075 yield
after purification by flash chromatography.

Now that the triester was at hand, a method wis required o demethylate ana
decarboxylate one of the geminal ester groups  This problem wis resolved neatly in
one step b'y Krapcho's method®” of dzcarbalkoxviation. attording the desired dimethy]
3-phenylglutar:\1te 32 1n 60% vield. It should be noted that the mechanism of s
reaction is not yet entirely understond.?36%7 Thus, the introduction of a two-carbon
unit methyl acetate syntﬁon was accomplished successtully ”; WO steps

We then turned our attention to the activation of the glutarate ring into the
required 3-phenylglutarimide 34. There was a vast &/culth of puhllshc_:d.‘]itcr:nurv
dealing with the conversion of gluta;atcs to cyclic imides, t')ut all of them would ental
at least a two-step sequence procedure. We finally decided on one which woulu

involve (1) hydrolysis of the’d‘esmr to dicarboxylic acid 33 and (2) heating the dinad

67. A.P. Krapcho and AJ. Lovey, Tet Lett., 957 (1973). .

68. A.P. Krapcho, E.G.E. Jahngen, AJ. Lovey and F.W. Short, N .
Tet. Lert., 1091 (1974) .

69. C.L. Liotta and F L. Cook, Tet. Lett, 1095 (1974).

70. J.E. McMurray, Org React , 24, 190 (1976). '
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with urea.”! They gave respective yields of 55 and'70%. The overall non-optimized

yield in four steps, starting from the Michael reaction was about 15%.

H
HO, CO,H o
‘ Ph Ph -,
° .33 ' 34
>
] ]
”
. <
8
i ’ .
h ~\

n. G.C. Crockett, BJ, Swanson, D.R. Anderson and T.H. -
Koch, Smn. Comm., 447 (1981). <
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Chapter 2

Patl

. Synthesis of Ring A of Sesbanimide

Since the glutarimide ring had only been grafted onto simple aldehydes, we next

investigated if it could also be added to a molecule of higher complexity. Our choice

was the readily available diacetone glucose, which not only can serve as a model, but

- can in principle also be further elaborated to enantiomer 1 of sesbanimide, provided

L 4

that the molecule obtained would be resistant o further mampulation. This plan for
the synthesis of €nantiomer ITwas to first constrmct the A (glutarimide) ring onto the
yet unformed B (1,3-dioxane) ring, followed by elaboration of ring B and addition of
ring (lactol) C. The success of this scheme dgpends on the ability ot the glutanmide
moiety to survive the reaction conditions 1t would be encountering later, such us its
forecasted exposure to zinc chloride/ethanethiol or the yet undetermined condition for
the methylenation reaction required to bridge the C-2 and C-4 hydroxyl groups. Our

immediate synthetic goal was therefore glutarimide derivative 43, where the

construction of the glutarimide ring would take place about C-5 of diacetone glucose.

: H
H ) N o ‘
ZnCl, | on- SEt
EtSH 0Si SEt
o
o*— . ’ OH
43 B : *

Si=SiPhtBu !
".
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The crucial factor involved the selection of a suitablg protecting group at C-3 of
this glucose. -The protecting groupj had to be both acid- and base-stable to survive the
reaction conditions that were to employed in t‘he sﬁthetic scheme. Acetates are
susceptible to facile migration and elimination, and furthermore, are sensitive to zinc
chloride/ethanethiol, reagents likely to be employed later. Benzyl ethers could be
removed by hydrogenation, but the removal conditions may be inccmpatible with the'
preservation of olefins. They could also be cleaved chemically, but these would involve
use of "harsh" chemical reagents such as trimethylsilyl iodide,”? which could possibly
destroy the 1,3-droxane ring system as well. Eventually, the relatively acid- and base-
stable r-butyldiphenylsilyl group was chosen for the protection of the hydroxvl group at
C-3 of diacetone glucose. It can be removed by the action of fluoride 1on.”>"*

Silylation of diacetone glucose 3 with ¢-butyldiphenylsilyl chlornide and imidazole
in dimethylformamide gave silyl ether 35, which was selectively hydrolyzed to 1ts
corresponding diol 36 with 70% aqueous acetic acid. Subsequent treatment of glol 36

with lead tetraacetate yielded aldehyde 37.

) ) HO
< N
0 o) H v
OR ’ \ :
0 L 0OSi o
O'l'— 0*_

3 R=H 36 37
35 R=SiPh;t-Bu =Si

Evidence for the formation of aldehyde 37 came from 1ts infrared spectrum, which had

the aldehydic carbonyl ah~erbing at 1735 emL, and from its '"H NMR spectrum, which

72. M E. Jung and M.A Lyster,/ Org Chem 42, 3761
(1977). ’ '
73. S. Hanessian and P Lavallee. Cun J Chem . 53, 2975
(1975).
4. S Hanessian and P Lavallee, Cun J Chem | 85, 362

(1977)
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displayed an aldehydic low field proton at 9.70 ppm with a small coupling constant of

J=1.2 Hz with 4-H. An item of interest revealed by the 200 Mz TH NMR of this

aldehyde 1s the absence of anv proton-proton couphing betwden the 2 H o and 3 H

protons, which 1s indicative of a 90V dihedral angle Ity electron womeaton .m.l\\

. spectrum gave tragments which appeared at mue 301, 311 and 283 correspoinding 1o

the respective losses ot at-butyl radical, [r-butvt + acetone] and [r-bund + acetone

COJ. 1t should '‘be noted thut 1n many subsequent clectron o ation mass spects b

\Dken of t-buryldiphenvisailyl protected compounds. many fragments ivoled the reads

loss of s-butvl radicals, owing to the greater capaatv of silicon than cabon to
accommodate a positive charge >

Aldehvde 37 could be elaborated to the gintarinmude ring, tollowinyg the

methodology we had developed earher. freatment of the aldehvde with the stabilizea

vlide metkoxycarbonylmethylenetriphenylphosphorane, gave trans-cier Ma and -

ester 38b.
COZMe ’
N
NS MeOzC O
o) . )
o s : OSi Y
]
¢ o'
« 0 -
o*—— . #
38a 38b

Si=SiPh,¢-Bu

These geometnc isomers had similar mobilities and they couid not be deanly
separated by flash chromatography  However, 1t was possible to rcolate asmail amannt

-

of the two comperents in suthicient purity to as\ign them as crs- and trams-romers on

the basis of their 'H NMR data. The least polar spot was the crs-comer, as evidenced

L4
t

~

tn

MR L.tcow and TR Spalding, Mass Spectremetsy of
Inorganic und Organemetaihe Compounds, Chapter 3,
(1973, Esenier, N Y

<




by a coupling constant between the two olefinic protons of ca. 10.5 Hz. The more
polar isomer, displayed a coupling constant of ca. 15 Hz, indicative of a trans-
relationship  The total yield for the two products wa; approximately 81¢¢ from
aldehyde 37  Preparation ot the 3-unsaturated ester on a larger scale was achieved
by treating the same aldehyde with the carbanion of trimethyl phosphonoacetate.
which® resulted inexclusive trans-olefination to afford rrans-ester 38a as the sole
product By emploving tnimethyl phosphonoacetate 1in a Wittig-Horner reaction
instead of the corresponding phosphorane, we mangged to avoird the purification step
required 1o remove tnphemiphosphine onide fﬁ

Some dithiculties were encountered during the addition step of dimethyl
malonate anion to the w,g-unsaturated esters 38a and 38b, when the reaction was
conducted n refluvung methanohic sodium methoxide medium. On TLC, we observed

a rapid disappearance ot the cus-ester, whereas much of the trans-ester remained

virtuallv untouched. Moreover, chromatographic separation of the products vielded an

undesired methyl ether 39 resulting from methoxide addrtion to the double bond, 1n

S

addition to recovening starting rrans-ester 38a and triester 40.

CO,Me Me0.C  CO;Me
OMe
o N
0Si
o}
oJ‘—
39 40

The problem was recufied by replacing sodium and methanol with a refluxing

non-hydroxyhe system comprised of toluene. solid annvdrous potassium carborate and

dicvelohexano-18-crown-6.  The malonate arion of this muture added to rrans-ester

38a. 1o provide triester 40 Without purinication. the triester was heated in brine-

: )



175° for 8 h'following Krapcho’s method®’ to give dimethyl glutarate 41. The vicld

obtained in two steps from the 3-unsaturated ester was 83¢¢.

MeO,C  CO.Me

/ .
~ \-\ o ]
OSi

S
oﬁ—
a1 -

The hydrolysis of the 3-substituted glutarate to dicarbovnvdic aad 42 was
achieved by treating the diester with hthium hydroxide.’®  The use of this reacent

resulted in a cleaner reaction compared to hydrolysis with a svstem ot agueous sodim

hvdroxide and methanol. ' "
H
HO,C Oy N _O L 4
/)
- 0
o OSi 3
42 - Si =SiPh,¢-Bu 43 _

1t L
Finally, the glutanimide denvative 4377 was optaned atter heatng the dpacd

1

with éxcess urea ' at 17587 tor 4 h An enamination of s mtrdred spectram shoaced

that the extremely broad hyoroxvi stretening abaorption n the remon of 3100 ) 370y
»

¢m! belonging 10 the dicarbovlic acid 42 precursor had been repiaced vy a narrower

imude N-H absorpuon barnd centered at 3250 ¢m This wnidic proton was also
observed on the 'H N MR spectrum as a broad ~inglet resonating ot 7.95 nom
3
, 76 PEJ Corev, 1 Ssckelvand €S Shiner, Tet Lett 3529 .
(1977 7
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’
/ In parallel studies, we had at that time established that the formation of the 1.3-

dioxane ring did not proceed well under acid-catalyzed conditions, but required strong

basa  Since the glutarimide ring would certainly not survive these strong basic

conditions, this pathway was not turther explored.

B
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Partll

Synthesis of the AB Ring System\‘of Sesbammide: Unexpected 1,4-Silvl Shuft

n

At the time that we did this work, the absolute stereochemistry ot sesbanmude
“was unknown. Since seésbanimide had been represented as enantiomer 1, we deaded
to synthesize its murror image 2, in the behef that most research groups would tirst
attempt to prepare 1. Indeed, two years later, Upendra K. PAndi”? provided us a copy
of l;;s paper in advance of pubhcation, reporting that hus group had achieved the
T
synthesis of enantiomer 1. They noted that thiy enantiomer had an optical rotaton
equal in magmitude, but apposite in sign to that of natural sesbanmnnde
For the synthesis of the natural enantiomer, we telt 1t would be appropriate to
»obtain a middle ring dialdehvde intermediate, with the Gyl and C-5 aldehy dic sites o
the diacetone glucose skeleson masked differently  The decision was made 1o comert
the 5.6-diol system of diacetone glucose 1nto its corresponding oletm 45 At the
re‘quxred moment, the oletin could be converted to the required C-5 aldehyde fmcr (n
ozo?xo]ysm reacton. The C-1 site, we envisaged, would be protected as o diethyl
dithioacetal, as have been known to occur after treatment ot 1,2-isopropylidene
derivatives of sugars with zinc chlonde/ethanethiol.  The decision to protect the 3+
hvdroxy function of diacetone glucose as tne r-hutyldiphenylsiyl ether was discussed
previously Thus, a synthewis ot anintermediate such as Mwas warranted and could be

e

derived presumably, via dihydroxy dithioacetal 46 and oletin 45

77. MJ. Wanner, N P Wiilard, G -] Koomen and U K Pandit,
J Chem Soc.. Chem Comm , 396 (1986)
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,
i
0SiPh,¢-Buy
LAL=0 e | \ 45,46 Ssi=siph,¢-Bu
~ ser “ _ v

Two synthetic, routes were possible for the synthesis of olefin 45, The first

’ . . . 3
would involve the silylation of 1,2-acetonide L, a derivativé which could be made in

N
three steps starting with triol K.7879
\
HO .
HO o) ~ o)
R ' OH i
$ o L o/ - -
- "
e o
K R=H
L >

36 R=SiPh,¢-Bu

!\

The second route involves silylation of diacetone glucose, selective hydrolysis of
the g5. acetonide, and conversion of the 5,6-diol system to carbon-carbon double
b()ndsgs\nce the first two steps of th\is latter possibility had been. performed earlier,
and a sutficient quantity of §,6-diol 36 was available, we decided to convert the diol to
ity olefin 45, There are many methods to carryoout this kind of transformation.

Prominent ones are (1) the Corey-Winter method®03t of thiocarbonylation followed by
\

78 JKN. Jonesand AL Thompson, Can J Chem.. 35, 955
{1957) and references cited

79 M. Pietraszhicwicz and P Sinay, Tet Lett., 4741
(1979).

80 EJ. Corey and R.A E Winter./, 4m Chem. Soc., 88,
2677 (19063)

81. EJ. Corey and R A E Winter,J. Am. Chem Soc., 87,934
(1965).
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heathg in trimethyl phosphite, (2) Hanessian’s method3? involving the formation of the
I-dimethylamino(methylene)acetal and treatment with methyl iodide and (3) Josan
and Eastwood’s procedure3384 of converting the diol to a cychie orthoester and
subsequent pyrolysis with catalytic amount of benzoic or triphenvlacetic acid. r

The first method %as not applied in our case because of the high cost of the
thiocabbnylating reagent, thiocarbonyldiimdazole, precluded s use i large
quantities. Furthermore, this procedure requires two reaction steps, in which the

second step requires a prolonged heating time of about 60 hours.

We focused instead our attention on the latter two procedures which are also

_essentially one-pot methods. Our first attempt at olefination using Hanessian's method

gave unsatisfactory results. As detécted on TLC, greatment ot the diol with N N-
dimethylformamide dimethylacetal in methylene chioridc as solvent gave a less polar
compound. Without characterization, methylene chlonde was replaced with toluene,
methyl iodide was added and the mixture refluxed for the prescribed amount of ime as
described by Hanessian. As visualized by TLC, another spot less polar appdured, ay
expected. After workup, however, only orthoester 44 was obtained; no trace of oletini
compound was detected.

We then decided to use Josan and Euastwood’s procedure to convert the diol to

its olefin. The acetic acid catalyzed reaction of the 5,6-diol with tnmethyl

- orthoformate gave quantitatively its corresponding diastereomeric orthoesters 44,

s

82. S. Hanessian, A. Barga8tt1 and M. LaRue, Tet. Lent., 737 .

(1978).
83. J.S. Josan and F W Eastwood, Carbohyd Res, 7,161

(1968)
84. J'S, Josan and F W Eastwood, Aust J Chem , 21,2013

(1968)

- l °




47

44 Si=SiPh,t-Bu

In the 200 MHz 'H NMR spectrum, the orthoformyl proton was observed as two
signals resonating at 5.73 and 5.79 ppm, the integrated areas of which were in the
approximate ratio 3:1, und the total integral of which corresponded to one proton.
Heating this mixture of orthoedters 44 1n the presence of benzoic acid at 155-
175 for 20 h afforded the olefin 45 in 73% yield, based on diol 36. The H NMR
spectrum of 45 showed the presence of vinylic protons.3 The two coupling constants
between the cis 6/a-H and S-H protons, and trans 6b-H and 5-H protons, were a;b{ut

10.3 and 17.7 Hz, respectively.

Hiea) H(S)'
(D) .
osi : -

o
. °+_
{ .
" 45

e

The next step was the formation of dihydroxy diethyl dithioacetal 46. Earlier

worker‘gs("87 in our laboratory had discovered that dithioacetals could be formed from
*
",
35 JA. Pople. W G. Schnerder and HJ Bernstein,
High - resolution Nuclear Magnetic Resonance, pp 240,
. McGraw- Hill Book Company, Inc. (1959).
R6. C Luthe, Ph D Thesis, McGil Universaty, 1981
37 H Oh. PhD Thesis, McGiil University, 1981¢°

4
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their corresponding ribose 1,2-acetonide derivatives without prior deprotection of the
isopropylidene group by simply exposing them to zinc chioride/ethanethiol. Thus, 48
was treated with zinc chlonde/ethanethiol®8? at 00 for 15-25 min to atford
dithioacetal 46. It should lvoted that the reaction mixture was immediately
quenched by rapid addition of a 1N HCI solution within the time peniod speatied It
the reaction time was prolonged, there was rapid formation ot a side product, just

slightly less polar than the expected dithioacetal. This product was determined to be

48, presumably formed via an episulfonium 1on 47.%

= _OH  SEt = h
- KOsi SEt ?H SEt ) OH skt
OSi osi SE

OH S ,
46 — —
47 48
Si= SiPh,¢-Bu g

The next step in the synthetic sequence was the linkage of the 1,3-diol
dithioacetal 46 via a methylene unit to form the 1,3-dioxane ring M. Literature
methods for synthesis of methylene acetals report that they are conducted in neutral,
acidic or basic conditions.

In neutral media, a diol is treated with NBS or bromine in DMSQ,917293

reaction which involves a Pummerer rearrangemient. This type of acetahzation was not

.
T

88. P J. Barry .md)B M Crag, Can J Chem , 33,716
(1955) .

89. H. Zinner, H Brandner and G Rembarz, Chem. Ber | 89, .
800 (1956)

90. M.L. Woltrom and W von Bebenburg, J. Am Chem Soc
82, 2817 (1960).

91. «___S. Hanessian, G Yang-Chun, P Lavallce and A.G. Pernet,
J.Am. Ciem. Soc., 94,8929 {1972)
92. S. Hanessian and A G Pernet, Carboiivd. Res., 26, 258
(1973).
93. RM. Munau, J Org Chery , 45, 3341 (1980)
. A8 .

¥
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attempted because of possible interference from the brominating reagents on the
' \

dithioacetal moiety of 46. The first attempt at methylenation employing a refluxing

solution of 1,3-diol 48, s-trioxane and p-toluenesulfonic acid failed to afford the desired
1,3-dioxane ring. A second attempt using powdered KOH and methylene bromide in
DMSO% gave many products, which we did not try to isolate.

The third attempt using phase-transfer condition described by Szarek and
Kim,? calls for heating the diol concerned at 60-65°, in a heterogeneous solution of
méthylene bromide and 50% aqueous sodium hydroxide, in the presencé of
tétrabutylummonium bromide as phase-transfer catalyst. This method seemed
promising after a TLC taken from the organic phase showed a major non-polar
product, as expected, and also two minor spots (more polar than the starting material)
which we did not attempt to isolate. After workup and purification by flash
chromatography, this major product was isolated in approximately 55-57% yield. This

product was first thought to be the required B ring intermediate M.

L)
OSiPh,t-Bu
0 |
0 skt \
- .
SEt .
M

’ The 200 MHz 'H NMR could reasonably be interpreted in terms of M. The chemical -

shifts of the vinylic prmons as well as the other ring protons, all seemed to be in the
proper location. The methylene protons of the 1,3-dioxane ring appeared as singlets at

4.86 and 5.05 ppm. The lack of any coupling was rationalized at that point by

o4, A. Liptak, VA, Olah and J Kerekgyarto, Switliesis, 421 . .
(1982)
s K.S Kifn and W.A. Szarck, Svathesis, 48 (1978).
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postulating that the steric bulk of the ¢-butyldiphepylsilyl protecting group had altered
the conformation of the six-membered ring, and hence the value of the coupling
constants. The mass spectrum fragmentation pattern was also 1n accord with M.
Although no molecular ion peak was detected, thc;‘re was a prominent peak at m/e
445(M*- - +-Bu’), and another one at m/e 353(M** - r-Bu - H,CO - ESID).  We
therefore proceeded to transform this intermediate to the corresponding glutarimude
ring containing AB ring system.

Large scale preparation of M led to some problems with erratic yields varymg

between 12-25%. Since methylene bromide assumed the role of both solvent and

reactant in this phase-transfer reaction, we thought that an appropnate dilution with a

co-solvent such as 1,2-dichloroethane could lead to higher yields of this product.
Unfortunately, dilution with this co-solvent inhibited any desired reaction. A dilution
with toluene also did not atford better yields of M.

It was then felt that lower base concentration might provide better yield of M
However, the reaction failled to proceed in systemé where the aqueous base .
concentration was lower‘ than 40% (w:w). An attemRt carried out at room
temperature, instead of heating at the recommended temperature (60-65°) resulted m
long reaction times in order to consume all of the starting matenal. Furthermore, thi
also resulted in the recoverp of substantial amount of a side-product just slightly more
polar than the required one. With the exception of two extra protons observed s
singlets on\‘the 200 MHz 'H NMR spectrum, the rest of the spectrum ot this side
product was uiperimposable with that of \‘l The observed fragmentaton pattern trom
the mass spectrum of this by-product was also similar to that displayed by the major

product but many of its fragments were shifted higher by 30 mass umits.  Fragments

_~Which appeared at m/e 445 and 353 1n M were replaced by fragments in this <1de

product appearing at r?/e 475 and 383. The mass spectrum of this by-product al<o

exhibited another peak at m/e 415 which could be interpreted 1n terms of the loss of




[t-Bu- + 2 H,CO] from the molecular ion.. In other words, this side-product

contained an extra formaldehyde unit. We thus assigned it as 1,3,5-trioxepan N. Since
we could not find the right condition to increase the yields during large scale

preparation, the required transformation was accomplished by carrying it out on 5 g

batches. .

o 0 «
SEt
‘ SEt
OSiPh,t-Bu
N

-

Mercury ion-mediated (HgO/Hg&Ilz) hydrolysis of dithioacetal M only gave low
yields (31%) of aldehyde O, and much starting dithioacetal was reéovered after silica-
" gel chromatography . It was necessary to unmask this dithioacetal group in a different
" manner. This was achieved by treating M with NCS/AgNO; in aqueous acetonitrile.”
As monitored by thin layer chromatography, the “hydrolysis oreaction was extremely
rapid, all of the starting material being consumed almost immediately. The workup
failed to remove the silver chloride salts completely and the 'H NMR spectrum,
though not definitive, revealed a downfield aldehyde peak at 9.63 ppm.

We did not purify the aldehyde but instead, we proceeded to conduct a Wittig-
Horner .condensation of ’this aldehyde with the carbanion of trimethyl
phosphonoacetate. This reaction yielded only the trans-ester P, as evidenced by a

coupling constant of ca. 16 Hz. The yield obtained was 55%, based on dithioacetal M.

N '
/

- -]
96. E.J. Corey and B:\W. Erickson, J. Org. Chem., 36,3553
(197m). ° x
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OSiPh,¢-Bu OSiPh,¢-Bu
= / =
. \\—CO,Me
o . P

Now that the a,g-unsaturated ester was obtained, the next step would be the
addition of the anion of dimethyl maloﬁate. Using the procedure developed eurlier on
glucose derivative 37, we then undertook the conversion of a,3-unsaturated ester P to
glutarimide T. The anior of dimethyl malonate was added to P, forming triester Q
The triester was conveniently demethoxycarbonylated by Krupch()l's method®’ to
dimethyl glutarate R. This diester was subsequently hydrolyzed to dicarboxyhic acid S
after treatment with lithium hydroxide and then heated with urea to form the 3-

—

substituted glutarimide T. The sequence from ester P to glutarimide T zave an overall

yield of 56%%.
OSiPh,t-Bu
O/~~0 —co,R
el
2 COzR .
E
Q  R=Me, E=CO,Me T  X=SiPh,t-Bu
R R=Me, E=H U x=H )

S R=H, E=H

Throughout the sequence of chemical modifications and  structure
identifications from M to T, the proton-proton coupling constants of the methylene
acetal protons varied between ier(; and two Hz, but never exceeded 2 Hz. Even after
the deprotectior of the t-butyldiphenylsilyl group of T to alcohol U, the methylene

acetal protons remained as two singiets. That these methylene protons had a coupiing

"constant of J'=0 Hz'was therefore not due to the steric bulk of the t-butyldiphenylsilyl
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protecting group. Moreover, the 'H NMR signal of the allylic proton (9-H of U)
appeared as a multiplet centered at 4.16 ppm, instead of the expected doublet of

doublet. Cookson er al.%7%8 listed a series of compounds possessing methylenedioxy

\
- groups the protons of which have different chemical shifts. In five-membered 1,3-

~

dioxolane rings the coupling constant was between zero ang 2 Hz, whereas in six-
membered 1,3-dioxane rings it was about 6 Hz. The former value was the type which
we had observed throughout the products M to T. Obviously, a selective 1,4 silyl shift
must have occurred with concomitant acetalization during the phase-transfer reaction
step involving the methylenation step of dithioacetal M. Instead of the expected 1,3
acetalization, we had a 1,4-migration of the s-butyldiphenylsilyl group from the C-3
(OH) to the C-4 (OH) of the glucose skeleton followed by a 1,2 acetalization reaction,

giving the five-membered dioxolane ring 49.

<Scheme)V
{
OH OH o) o~ 0si O~
| ~N—SEt Sl‘ e <_-SEt
OSi skt ¢ Si—d SEt | O_ sgt

97. T.A. Crabb and R.C. Cookson, Tet. Lett., 679 (1964).
98. R.C. Cookson, T.A. Crabb, JJ. Frankel and J. Hudec, -

Tetrahedron (Suppl. 7), 355 (1967).
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We therefore had unknowingly operated on a 'seiies of 1,3-dioxolane ning
derivatives instead of the 1,3-dioxane derivatives. Mass spectral and high resolution
mass spectral data of these series of 1,3-dioxolane products, not unexpectedly, taled to
distinguish them from the required 1,3-dioxane ring homologues — Mass spectral
fragmentation patterns would not have differed due to stmilar tunctionahiues, and Wieh
resolution mass spectral data of these 1,3-dioxolane substances gave results expedted or=
the 1,3-dioxanes since they are isomeric. Because the error made concc?mnp the
structural assignments of these series of compounds had only been discovered at such
late stage, we decided to use the glutanimide intermediate 06 as a model tor studies on

Y

the final C-ring synthesis and possibly for the syathesis ot some analogues

@

Structure Reassignments

o)
X 2 . S(\
. 0Si SEt
‘ N 50 ~

Si =SiPh,t-Bu
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Si=SiPh,¢-Bu

53 R=Me, E=CO,Me
54 R=Me, E=H

55 R=H, E=H

56 x=Si

57 X=H
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Y
200 MH2z fH NMR spectrum of compound49 (CDCly).




o Part Il
Synthesis of the AB Ring Moiéty of Sesbanimide

In view of the faifure to form the 1,3-dioxane middle ring because of the
selective mugration of the t-butyldiphenylsilyl group from the C-3 hydroxy to C-4
hydroxy, a different protecting grbup was required for protection of thg alcohol

furtction at C-3 oF glucose. The choice of protecting groups being rather limited, we
~

decided to protect diacetone glucose with a benzyl group. Following lhterature

methods, the transformation of diacetone glucose 3 was accomphs’hed in four steps to
olefin 61. The first step 1nvolved the benzylation of the C-3 h)l'droxy of diacetone
glucose to benzyl ether 58 by the method of Czernecki et al.® using-sodium hydride,
tetrabutylammonium iodide and benzyl bromude. Selective hydrolysis of the §,6-
isopropylidene group gave the corresponding S,6-diol 59,1% which was- readily
converted to orthoester 60 101 after refluxing the diol in tr:‘nf"hyl orthoformate and a

catalytic amount of acetic acid. Finally, 60 was pyrolyzed using triphenylacetic acid as

1%

a catalyst to afford olefin 61.

o] ~ RO

OR OBn
o P 0 {0
* o*— ’ o/«ln- - - o-f—
59 R=R'=H
3 R=H ;
58 R=8n 60 RR=MeOCH &1
) N, 8 T, 4

¢ -

9. S Czernecks, C. Georgoulis and C. Provelenghiou, Tet.
Letr, 3535 (1976).

100. R L. Whistler and W.C. Lake, Methiods Carbohyd.Chem., 6,
- 288 (1972).
101. D. Horton, J K. Thompson and C.G. Tindall, Jr., Melgods

Carbohvd Chernt . 6,300 (1972)
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In the usual manner, acetonide 61 was treated with zinc chloride and

)
ethanethiol providing diethyl dithioacetal 62 in quantitative 5Qeld. In contrast to ity
silyl ether homologue 45 where the reaction time was crucial to'avoid the formation ot

by-product 48, by-product V was not detected even after prolonged exposure of 61 to

ethanethiol/ZnCl,. N
= _° X} oH skt ] _OH  gnt
R/ OBn SEt OR SEt
01" OH SEt
45 R=SiPh,t-Bu 62 48 R=SiPh,¢.Buy
61 R=Bn V R=8n

<

)

The methylenation reaction of Szarek and Kim% was then successtully
employed on dithioacetal 62 to provide/the Jpotential dialdehyde intermediate 63,

appropriately masked at C-1 and at C-5, s a dithioacetal and an olefin, respectively.

\ ' )

OBn ,
wsa g ‘
' 7% T NSt

63

About a 75% yiéld of 1,3-dioxane 63 was obtaned after workup and puritication by
flash chromatography. The !H NMR and mass spectral data were in accord with
proposed structure 63. The methylene protons were clearly observed as two sets of
doubl;ts centered at 4.79 and 5.28 ppm, each with a couplin‘g constant ot J=6.4 Hz

The 3-H proton of this ring was displayed as a broad singlet on a 200 MHz or 300 MHz

-




* IH NMR spectrum. The coupling constant observed between 3-H and 2-H or between

3H and 4-H of this 1,3-dioxane compound and of subsequent 1,3-dioxane

. interme'gkiates, was always less than 2 Hz. That there is very little or no apparent

coupling between 3-H, and 2-H and 4-H; is indicative of dihedral angles of close to 90°,

and implies that 2-H and 4-H occupy axial positions, since the benzyloxy grou% is
assumed to be axial in the chair conformation of the 1,3-dioxane.

The dithioacetal was hydrolyzed to its corresponding aldehyde 64, using

mercuric chloride/mercuric oxide. Its 1H NMR spectrum showed a singlet at 9.60 ppm

for the aldehyde proton among other peaks.

o

Treatment of aldehyde 64 with the anion of trimethyl phosphonoacetate gave:

both rrans-ester and cis-ester 65.

J

OBn

4 N CO,MQ,

65
o v

The cis-ester was less polar than the trans-ester and both geometric isomers were easily

——

separated by flash chromatography. The cis-ester did not crystallize whereas the trans-

o

. . 1
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60
ester crystallized readilv (mp 91-92Y). The former adduct revealed a proton-proton
coupling constant of 11.7 Hz and the latter displaved a coupling constant of 160 H,
The total yield of the 150mcr’was about 93%, consisting of one-fitth ¢ and tour-niths
trans iSOmers. P

Having obtained the a,3-unsaturated esters, we proceeded with the synthesee o

the glutarimide moiety. The esters were reacted with the sodium amon of dimetind

malonate to provide triester 66, foilowed by heating the triester in aqueous dimetliy)

sulfoxide and sodium chloride at 160-1759 tor 4 h to give dimethvl glutarue o7
Lithium hydronide bydrolysis of 67 provided dicarboxylic acid 68, wiich in tirn was
converted to glutarimide 69 atter heating with urea The vield obtaned after the tour
step transformation of the a,G-unsaturated esters to the AB ring snthon 69 was

approximately 60%.

66 R=Me, E=CO,Me - . 69
67 R=Me, E=H ’ .
68 R=H, E=H

-Satisfactory spectral and analvtical data were obtained for the AB ring system A
broad singlet at 7.77 ppm corresponding to the N-H proton was displayed on the "1
NMR spectrum. The methylene protons ;)f the 1,3-dioxane ring were ohbserved ::; twer
doublets (J=6.4 Hz) ¢entered at 4.77 and 5.22 ppm; tr;e 5'-H proton as usual, appeared
as a singlet at 3.40, while the 4'-H and 6'-H protons were observed as doublets ot

doublets respectively centered at 3.33(J =12, J44=73 Hz) and 415(J; ¢ =13,




+=6.2 Hz) ppm. The ammonia chemical ionization mass spectrum showed peaks at .

I5'6
m/e 349((M + NH,)*) and 322(MH™). The high resolution chemical ionization mass
spectrum analysis gave the recorded value of 332.1499 for MH* compared to the

calculated value of 332 1498. An infrared spectrum showed the carbonyl band at 1708

and the N-H band at 3373 em™ L.

=
OBn
vo °
T NH
/ ;
89

. N T T T T T T T 1
7 s s 4 3 2 §

200 MHz H NMR spectrum of compound 69 (CDCly).
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Model Studies Involving the Condensation of Allylsilanes to the AB Ring System using 1,3- -

Dioxolane 56a

/ ‘

)

In order to construct the C-ring of sesbanimide, a five-carhon unit ha’d to be
added to the aldehyde carbonyl carbon. We felt tha: this addition would be
conveniently achieved by using allylsilanes. For instance, an allylsilane protected as ity
t-butyldimethylsilyl ether 74 would lead to the desmethyl analog of sesbanimide, in
which we were also interested, whereas allylsilane 79 would be useful for the synthesis

of sesbanimide itself.

74 R=H

79 R=Me
Me,Si OSiMe,¢-Bu

o\

A

Allyl alcohol 73 was prepared in two steps according to a procedure developed
by Trost et al.10%103 The commercially available 2-methyl-2-propen-1-0l 70 was first

converted to its dianion 71 using n-butyllithium and tetraethylenediamine as base,

¥

102. B.M. Trost and P. Renaut,/ Am. Chem. Soc., 104, 6668
(1982). '
103. BM. Trost and D.M.T Chan, J. Am. Chem. Soc., 108,
2315 (1983).

~




( followed by quenching with chlorotﬁmcthylsilanc to provide 72. Trimethylsilyl ether

72 was then hydrolyzed to its alcohol 73. L e

V4

Al

Me,Si OSiMe, MeSi OH

72 73

Allyl alcohol 78 was synthesized according to the method of Vedejs and co-
workers.1® The anion of ethyl 3-(trimethylsilyl)propionatel®> was condensed with
acetaldehyde to afford alcohol 75. This was followed by a one pot reaction in which
alcohol 75 was mesylated to 76, and the mesylate function eliminated using DBU as a

\ base to give ester-olefin 77. Subsequent diisobutylaluminum reduction of 77 gave the

corresponding alcohol 78.

- HL-_OR H,C '  HC
' ‘:(co,a ‘ ; Lco,ex Q ;H

Me,Si Me,Si Me,Si OH

75 R=H 77 78
76 R=Ms

.}

104. E. Vedejs, J.B. Campbell, Jr., R.C. Gadwood, J.D.
( ) Rodgers, KL. Spear and Y. Wa(anabe J. Org. Chem., 47
1534 (1982).
105. B.M. Trost and DM.T. Chan, /. Am. Chem. Soc 1058, 2326
(1983).
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Allylsilanes 74 and 79 were formed afger silylation of the respective allyl
alcohols 73 and 78 with rerr-butyldimethylsilyl chloride!® and imidazole in
dimethylformamide.

Preliminary studies were carried out with these allylsilanes on models involving
the aldehyde derived from the unexpected 1,3-dioxolane ‘product 56. Thus, olefin 56
was first converted to the aldehyde intermediate 564, after ozonolysis at -78°, followed

by reduction with dimethyl sulfide1%7 for 16 h at room tempejature.

56 X=CH, '
Si=SiPh,t:Bu
56a X=0O “

Condensation of allylsﬂanc 74 with aldehyde intermediate 56a using boron
trifluoride ethcr%te as catalyst at -78° for 1 hour and then at —4S° for another 19 hours
gave alcohol 80 in-52% yleld.

OSiMe—+

80

e

106. EJ. Corey and A. Venkateswarlu, J, Am. Chem. Soc., 94, -
6190 (1972).
107. JJ. Pappas, W.P. Keaveney, E. Grancher and M. Berger,
* Tet. Lett., 4273 (1966).




A TLC of the reaction mixture showed only a single product of higher mobility
compared to the aldehyde. According to the 200 MHz TH NMR of this compound, this
was. a sifgle diastereomer. The R-configuration was assigned to the newly created
chiral centér after application of Cram’s rule!® (or Felkin-Anh model). Our
assumption was substatiated by a report authored bijeetz and Kesseler,!® who
experimentally determined that non-chelation-controlled (Felkin-Anh) products would
result from the nucleophilic a(ddi.tion to chiral o~alkoxy 'aldehydes when catalyzed by
boron trifluoride etherate. Furthermore, Danishefsky and DeNinno!!0 reported that
reactions of allylsilane with aldosuloses under catalysis by boron trifluoride etherate
gave -high diastereofacial excess of Felkin-Anh type products. A fast atom
bombardment spectrum of 80 using a diethanolamine (DEA) matrix showed a peak at

m/e 773 which corresponds to (M + DEAH)*.

108, DJ. Cram and F.A. Abd Elhafez, J. Am. Chem. Soc., 74,
5828 (1952).

109. M.T. Reetz and K. Kesseler, J. Chem. Soc., Chem. Comm.,
1079 (1984).

110. S. Danishefsky and M. DeNinno, Ter. Lett., 823 (1985).
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OSiMe—~+ O

81

“
~

The 200 MHz !H NMR and FAB mass spectra were i accord with the proposed
structure 81. The 'H NMR signals for 81 showed the presence of the two silyl groups,
a multiplet accounting for the five C-H protons of the glutarimide ring at 2.08-2.65, a
broad singlet downfield N-H proton at 7.80 ppm, two doublet of doublet signals at 3.74
(J=4.5, 5.5 Hz) and 3.89 ppm (J=4.2, 5.5 Hz) for the 4-H and S-H protons, as well as
two methylene acetal singlets at 4.80 and 4. 91 for the 1,3-dioxolane ring pomon There
was a doublet at 4 33 ppm (J=4.2 Hz) for the single CHOSiPh, proton. Two
methylene protons «vto the keto group appeared as an AB quartet centered at 3.28
ppm with coupling constants of J=19.5 Hz. The two olefinic protons were found as
doublets with coupling constants of 1.5 Hz centered at 4.76 and 5.20 ppm, and the CH,
protons of the CH,OSiMe, moiety as a singlet at 3.96 ppm. The FAB spectrum of
ketone 81 using a diethanolamine (DEA) matrix gave a peak at m/e 771 corresponding
to (M + DEAH)*. Unfortunately, treatment of 81 with fluoride ions did not give the
expected analog £2 but instead gave two products which could not be identified after

an examination of their 1H NMR spectrum.

-




Aften: having successfully carried out the the addition of allylsilane 74 te the
dmodel aldehyde, follpwed by oxidation of the resulting alcohol, we next sought to
repeat these steps using allylsilane 79 to the same aldehyde. When allylsilane 79 was
condensed with aldehyde 56a, three products less polar than the starting aldehyde were
observed on thin layer chromatography. After workup: they were se};amted by flash
chromatography. The product with the highest mobility on TLC could not ‘be
identifiéld. The other two were the required diastereomeric alcohols 83a and 83b, as
shown by 1H NMR. The less polar component and the more polar component /were

isolated in the ratio of 1:4. The total yield was 42%.
' -

osiMe—+ ©

83a R=Me R=H
83b R=H R=Me

Because of the non-chelation-control nature of the bofon trifluoride etherate catalyzed
addition, we expected to form only diastereomers 83a and 83b, both of which possess
the R-configuration about the C-OH center, but are epimeric about the C-CH; carbon

center. When these separated alcohols were oxidized to ketones 84a and 84b with

2



3
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chromium trioxide/pyridine, each corresponding ketone provided di&fcrem optical

rotation values.

The oxidation ‘product of the less polar alcohol had an optical rotation of
[ot]D23 +20.8° whereas oxidation of the more polar alcohol led to a ketone with
[oz]D"'3 —58.2°. This proves that the two isolated alcohols were indeed epimeric at the
carbon methyl position and not at the carbon hydroxy position. Unfortunately, no
facile methods were.available to determine the stereochemistry at the C-CH, center.
Therefore, we decided to stop at this point, satisfied that allylsilanes could serve as the

five-carbon unit synthon for the construction of the C-ring of sesbanimide.




Part Il o

Attempted Syn)hesis of Desmethyl Sesbanimide: Synthesis of Disubstituted Furan 98

—~

In order to construct the C-ring , a five-carbon unit had to be introduced to the

-y

C-10 carbon. Ozonolysis of 69 at -78° followed by reduction with dimethyl sulfide for
16 h at room temperature, yielded aldehyde 85 11! and minor amounts of a by-product
the R, value of which was identical to the starting olefin 69. The 1H NMR of the
required aldehyde displayed a singlet for the aldehydic proton at 9.76 ppm, amongst
other peaks. That there is no apparent coupling between the aldehydic proton and 9-H

is indicative of a 90° dihedral angle.

69 X=CH,
85 x=0

The by-product of the ozonolysis reaction was separated from the aldehyde by flash
chromatography. It was identified as ozonide 86. The three protons of the ozonide
ring appeared on the 'H NMR spectrum as singlets at 5.02 and 5.39 ppm,
corresponding to the two methyvlene protons, and a doublet at 5.60 ppm with a coupling
constant J=7.5 Hz. Fragments in the chemical 1onization mass spectrum appeared at
m/e 334, 226 and 196, corresponding to the los¢es of OCH,O, [OCH,O0 +
C4H;CH,OH] and [OCH,O + C,H,CH,OH + CH,O], respectively, from MH*,

111. Starting with this aldehyde, the numbering system
patterned after sesbanimide (see ref. 9) will be
. utihzed.
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Unfortunately, the ozonide by-product persisted even after prolonged exposure to *
dimethylsulfide; therefore, separation by flash chromatography was necessary to afford
the aldehyde. It should be noted that methanol had to be avoided as eluant during the
purification process. A first attempt at separating the aldehyde from the ozonide using
methanol-methylene chloride (1/19) as eluant, gave substantial amoun'ts of a
compound the TLC mobility of which was slightly greater than that of aldehyde 85.
Although generally uninformative, the 'H NMR spectrum of this compound showed
addigjonal methoxy peaks at 3.42, 3.46 and 3.51. This unknown compound may wel} be

hemiacetal X or acetal Y. )

’

0Bn “
RO o \/O o
MeO NH
\
o v
X R=H
Y R=Me '

Prcslimably, silica gel was sufficiently acidic to catalyze the addi\]‘on of methanol to the
aldehyde. When this product was kept in ethyl acetate at room temperature overnight,
aldehyde 85 was recovered from it. ‘

After having obtained the requited crucial intermediate 85, the stage was set for

the condensation steps 1nvolving allylsilanes 74 and 79.

74 R=H

: ‘ 79 R=Me
Me,Si OSiMe,¢-Bu .




A condensation involving allylsilane 79 to aldehyde 85 should provide an

intermediate alcohol, which upon further elabcration would lead to the natural
sesbanimide. On the other hand, addition of allylsilane 74 to aldehyde 85, would
provide the alcohol precursor, which could be later transformed to the desmethyl
analogue of sesbanimide.

Boron tnfluonde etherate mediated condensation of allylsilane 79 with
aldehyde 85 gave three compounds that were detect;d by TLC. The compound with -
the highest mobility ceuld not be identified. The two more polar compounds gave
proper spectroscopic data (200 MHz IH NMR, C.I. mass spectrum) for the anticipated
dia;tereomerlc alcohols 87¢€a,b). Because of non-chelation-control, these substances
are epimeric about the C-11 carbon, and both isomers are assumed to possess the R-

‘configuration about the C-10 center. The ‘diastereomers were isolated in the ratio of

3.5/2. The total yield of the diastereomers was approxamately 40-45%.

87a R=Me, R'=H

87b R=H, R’: Me

. »
It was not possible to assign the stereochemistry at this epimeric C-11 center for each
<

of the isolated compound at this stage. We felt it was only possible to assign them,
after having subsequently transformed them to the natural products.

4

Oxidation of both diastereomer§ employing chromium trioxide/pyridine gave

. their corresponding ketones 88.

\

s
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88a R=Me, R'=H
88b R=H,R'=Me

The reactivity of the diastereomers towards oxidation was pnor‘ and alo dittered
significantly. Oxidation of the less polar alcohol and more polar component gave th
corresponding ketones in only 4 and 21%, respectively  There was also much xuk:
product formation, along with recovered starting material The poeor ontdaton vields
of these diastereomers 1s in sharp contrast to the oxidation ot the alcohols m the
corresponding 1,3-dioxolane systems (80, 83a, 83b), where vields iccovered were
essentialty quantitative. Attempted ontdation of these alcohols 87 using other oxidizing

systems such as oxalyl chloride/Et;N/DMSO,' NCS/methyl sultide/Et,N!,

114 15

pyridinium dichromate!!®, and by the Fetizon'®® reaction all faled to atfford the
required ketones.

Despite the low yield of the ouidation step, we did have a sufticient quantity of
one of the isomeric ketones to proceed with the next step, namely the removal of the
benzyl group. We felt that the exposure of 88 to boron trichtoride!'® waould lead 10
deprotection of both benzyl and silyl protecting groups. Instead, atter exposure of e

of the ketones to boron trichloride at -78°, we were surprised to {ind that in addition to

-

112, AlJ. Mancuso, S.-L. Huang and D Swern,/ Org.

Chem., 43, 2430 (1978) - Ve

113, EJ.Corey and C.U. Kim,J Am.Chem Soc, 94, 7586
- (m). , . .

114, EJ. Corey and G. Schmidt, Ter Lett , 399 (1979).
115, M. Fetizon and M. Golfier, Compt. rend., 267, 900

(1968). .
116. F.Seela and S. Menkhoff, Liebigs Ann. Chem , 813 -~

(1982).
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removing the benzyl group, the t-butyldimethylsilyloxy moiety was also displaced by a

chloride, to give the allyl chloride derivative 89.

The stmctixr; of 89 was confirmed by TH NMR and mass spectral data. Only two
dissociable protons were observed after D,O exchange experiments were performed.
Also, during this time, Terashima and Matsuda,17 published the first total
synthesis of natural sesbanimide A and sesbanimide B, which was very similar to our
proposed synthesis. Thus, instead of continuing with our work towards completion of

the synthesis -of sesbanimide, we focused our attention towards its C-15 desmethyl

analogue.

-

In the usual manner, the aldehyde intermediate 85 was condensed with

allylsilane 74 using boron trichloride at -78°. Only one alcohol was isolated after

_purification by flash chromatography. Presumably, this was derivative 90, the alcohol

with R-configuration at C-10.

H,C OSiMe,¢-Bu

S \ 90

-

117. F. Matsuda and S. Terashima, Tet. Lett., 3307 (1986).

}
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Oxidation of this alcol;ol to its corresponding ketone 91, when monitored by
TLC plates was somewhat deceiving, because both alcohol and ketone had identical R,
values. Whertwe treated this alcohol with the recommended amount of 12 equivalents
of pyridine and 6 equivalents of chromium trioxide per equivalent of alcohol, only ca.
30% of alcohol was oxidized, as determined by !H NMR integration of relevant
protons. Much starting alcohol remained unoxidized. An infrared spectrum of this
product could not detect this newly made carbonyl cen'ter, its absorption being
obscured by the carbonyl absorptions of the glutarimide ring moiety. Since the
polarities of both starting alcohol and ketone product were‘ identical, a clean
separation could not be effected, to isolate enough product for the subsequent step.
Fortunately, th¢ problem was resolved by treating 90 with two to tiurec times the
recommended am(zunt of pyridine (24-36 eq.) and chromium trioxide (12-18 eq.) in

< L, Sy
order to effect a quantitative oxidation of 90.

The next stép would be to deprotect the benzyl/and silyl group using boron
trichloride. Exposure of ketone 91 to boron trichloride resulted in the cleavage of the
benzyl g‘roug, but again, the f-butyldimethylsilyloxy moiety was replaced by a chloride
function to yield allyl chloride 92. All subsequent attempts aimed at displacing the
chloro with a hydroxy group failed to provide the requfred alcohol functionality at C-
13; therefore the C-i5 desmethyl analogue of sesbanimide 93 could not be obtained in

L
-this manner.

o il




It was decided that the use of a protecting-group more resistant than the ¢-

butyldimethylsilyl ‘protecting group towards boron trichloride would be warranted.
Therefore, allyl alcohol 73 was silylated to the more stable t-butyldiphenylsilyl-ether, by
heating with ¢-butyldiphenylsilyl chloride and imidazole in dimethylformamide at 60°,

providing 94. .

Ve 73 » QJ .
Me,Si OSiPh,t-Bu

‘94

The addition of allylsilane 94 to the aldehyde intermediate 85 in the usual max;ne_f with
boron trifluoride etherate, gave a 44% yield of alcohol 95 after purification by flash
chromatography. A 200 MHz !H NMR 6f this alcohol indicated that it was a singlé
diastereomer. Applying Cram’s rule, the stereochemistry about the C-10 carbon was
assigned the R-configuration.



The oxidation of this alcohol was carried out in the same manner as previously
described for theit-butyldimethylsilyl protected homolog 90, employing pyridine and
chromium trioxidé (24 eq. py/12 eq. CrO; for each eq of alcohol) at room temperature

to obtain the corresponding ketone 96 in 44% yield.

’

’ ~
As we had predicted, eppasure of this compound to boron trichloride resulted in
selective cleavage of the benzyl group and afforded the required alcohol 97. The ¢-

butyldiphenylsilyl group was not removed.

OH

OSiPh,¢-Bu

. 97

ve b




The next step would be the treatment of silyl ether 97 with tetra-n-butylammohium
fluoride in tetrahydrofuran to give C-15 desmethyl sesbanimide either as the ring-

opened hydroxy ketone 93 or ring-closed lactol 93a,  »

93 ’ . - 93a

A single more polar spot was detected by thin layer chromatography immediately after
exposure of 96 to fluoride 'ion. Within 15 min the reaction was essentially complete;
the tetrahydrofuran was evaporated at 0% and the mixture was immediately purified by
flash chromatography. This product, however, was not the expected §,7-unsaturated

ketone, but the disubstituted furan 98.

/ ' :

. Me " OH '
by o o
NH
98

This furan compound when subjected to a chemical ionization mass spectroscopy

analysis decomposed in the probe. However, a satisfactory FAB mass spectrum was

Our suspicigns were raised when a TLC of this product taken from the NMR solvent,

was markedly different from that of the sample originally recovered after flash
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chromatography. The sample which was isolated after purification had an R value
equal to 0.20 (in methanol-methylene chloride 1:19), but after its dissolution in the
NMR solvent, the R increased to Rg=0.32. This coincidentally, was also the R value
of the starting silyl ether 97. Therefore, we knew that the as yet uncharactenzed
sample, observed to form during the desilylation step, had been converted to furan 98
once dissolved in the NMR solvent.

, When ’we repeated the same desilylation procedure, using silica gel pre-washed
with triethylamine, and conducted the 'H NMR analysis using deuterated chloroform
treated with sodium bicarbonate, an extremely complicated IH NMR spectrum was
observed, in which integration of the vinylic protons gave much less than the two
protons expected. The IH NMR spectrum of this unknown substance also showed a
doubling of the usual methylene acetal doublet which suggested that isomers were
involved, but it was not possible to assign the vast number of signals recorded to any
specific structure. A TLC of this NMR sample revealed only one.spot and 1t
‘decomposed in the probe during chemical mass spectral analysis. A FAB spectrum
displayed only a weak MH* but a prominent MH* - H,,O fragment.

When the sample that gave rise to the complicated 'H NMR spectrum was
subsequently treated with a catalytic amount of acetic aaid, furan 98 was obtained
again, in a clean and rapid manner. It is quite possible that the unknown substance is
inqeed, desmethyl sesbanimide existing as a mixture of ring-opened ¥hydroxy ketone
;)3, and ring-closed anomers 93a. This would account for the great number of signals

récorded in the 'H NMR spectrym. ™

A}

’
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The desmethyl C-ring, once exposed to. the smallest trace of acid, presumably, is

dehydrated to the furan ring. The mechanism for the formation of furan 98 is

proposed below.

In view of the fact that satisfactory spectral data could not be obtained for desmethyl

sesbanimide, the above suggestions, are however, highly speculative. NN
During the course of our work, synthetic studies of sesbanimide by many other

investigators have led to the synthesis of ring A,118119 riné C120.121 5nd the AB ring

system12"""123-12‘4'13;5'12‘5'127 of sesbanimide. In addition, Terashima and Matsuda!’

have completed the total synthesis of natural (+)-sesbanimide, and the syntheses of its

118. K Tomioka and K. Koga, Tet. Lett., 1599 (1984).

119. T. Kometani, T. Fitz and D, Watt, Tet. Lett., 919
(1986).

120. N. Willard, M.J. Wanner, G.-J. Koomen, and U. K. Pandit,
Heterocycles, 23, 51, (1985)

121. AV Rama Rao, J.S. Yadav, AM. Naik and A.G. Chaudhary,
Tet. Lett., 993 (1986).

122, MJ. Wanner, G.-J. Koomen and U K. Pandit, Heterocycles,

22M483 (1984).
123, G.WJ. Fleet and T.K.M Shing, J. Cliem. Soc., Chem.

Comm., 835 (1984).

124. M. Shibuya, Heterocvcles, 23, 61 (1985).

125. F. Matsuda, M. Kawasaki and S. Terashima, Tet. Letr., .
4639 (1985).

126. W.R. Roush and M.R. Michaelides, Ter. Lett., 3353 v
(1986). .

127. A.V.Rama Rao, J.S. Yadav, A.M. Naik and A.G. Chaudhary,
Ind.J]. Chem_, 25B, 579 (1986). ,
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.) enantiomer have been described by Pandit et al.” and by Schlessinger and ‘Wond.'z‘“
All these syntheses followed a sequence very similar to our proposed svnthesis, and
differed mainly in the choice of protecting groups, and the exact nature ot the tive-
carbon unit_necessary for the construction of the C-ring. The fact that the total
synthesis of the C-15 de:methyl analogue of sesbanimide has yet to be reportad, ma

| be due to similar problems which we encountered during 1ts construction, namelv the

unstable nature of the C-15 desmethyl C-ring moiety.

-

O

128. R.H. Schiessinger and J.L. Wood, J. Org. Chem., 51, 2623
Ws). '
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200 MHz 'H NMR spectrum of compound 92 (CDCl3).
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CONTRIBUTION TO KNOWLEDGE

1. A general proéedure for transforming aldehydes to the corresponding

glutarimides was developed.

2. After subjecting dihydroxy dithioacetal 46 to the phase-transfer conditions
prescribed by Szarek and Kim,?® 1,3-dioxolane derivative 49 was formed. This was
explained by the migration of the t-butyldiphenylsilyl group from the C-3 (OH) to the
C-4 (OH) of 46, followed by acetalization of the C-2 (OI:I) and C-3 (O‘Pr-I) 1,2-diols.

3. The synthesis of the AB ring moiety of sesbanimide was carried out.

4, The synthesis of 8-O-benzyl-13-O-t-butyldimethylsilyl sesbaﬁimides 88, 13-
deoxychloro 'sesbanimide 89, 8-O-benzyl-13-O-t-butyldimethylsilyl-15-desmethyl
sesbanimide 91 and 13-deoxychloro-15-desmethyl sesbanimide 92 were described.

5. 13-O-¢-Butyldiphenylsilyl-15-desmethyl  sesbanimide 97 was synthesized.

Subsequent desilylation of 97 gave compounds which could not be identified, but which

- were easily converted to a single furan derivative 98 upon exposure to acetic acid.

N
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GENERAL EXPERIMENTAL

Melting pomnts (mp) were determmed on a Gallenkamp block and are
uncorrected. Mass spectra (ms) were obtained on a Hewlett Packard S984A or .
Dupont 31492 B mass spectrometer, n the direct nlet mode unless otherwise s
indicated. Fast Atom Bombardment (FAB) spectra were recorded ona VG ZAB HS
mass spectrometet. Infrared (IR) spectra were obtained on a Perkin klmer 9/
spectrophotometer or Analect Instruments AQS-18 FT-IR, and specitic rotations
([adp) on a JASCO DIP-140 digital polarnimeter (Na vapovs lamp S89 'me)  Proton
magnetic resonance ('H NMR) were recorded on Varnian T-60, T-00A, XL-200 and
XL-300 spectrometers as specified, using tetramethylsilane (TMS) as an internal
standard. Chemical shifts are given in the §scale 1n parts per milhion (ppm)  Doublets
(d), triplets (t), and quartets (q) were recorded at the center of the peaks, and
muluplets (m) as their range ot absorptions, other abbresiatons used: singlet (v),,
broad (b) and broad singlet (bs). Chemical shifts are described as they appeared even
though they might represent more complex patterns.

Analytical thin layer chromatography (TLC) wus performed on Merck Silica
Gel 60 F,, aluminum-backed plates and was visualized by dippmg into a solutron of
ammonium molybdate (25 g) and ceric sulfate (1 g) in ¢-H,S0,/H,O (10 mL/90 mL)
and heating on a hot plate. Merck Silica Gel 60 (230-400 mesh, 40-60 m) was used for
flash chromatography, performed according to the procedure of Still et al *7 ]

Solvents were reagent grade unless otherwise specified. Petroleum ether refers
to that fraction having a boiling point of 30 to 60°. Dry tetrahydrofuran (THF) waus

obtained by refluxing with sodium metal and benzophenone. All-cvaporations werc

" carried out under reduced pressure (water aspirator) with a bath temperature of

25 —40° unless otherwise specified.
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CHAPTER 1 - EXPERIMENTAL <

Buis(chloroacetvl)amine 4 .

Concentrated sulfuric aad (fuming (305 SO5), 11 g, 11 mmol) was added to N
mixture of 2-chloroacetamide (10.1 g, 108 mmol) and chloroacetic anhydride (13,1 ¢ 7
90 mmol) with stlirring. The reaction minture was then heated at 1059, the solution
upon heafing became yellowish and then brownish until preapitation occurred atter
1 h. It was heated for an extra 1 h at 120°, cooled to room temperature and then e
cold watei was added. The crystalline material was filtered and rinsed repeatedly trom
5% NaHCOj solution and ice-cold water. Recrystallizanon from hot acetonitrile gave

10.3 g (67%) of bis(chloroacetyl)amine 4 as light brown crystals, m.p. 196- 1989 (dec )

(Lit. m.p. Booth and Noori® give 191-1939). H NMR (60 MHz, DMSO-d,.) & 3.77(~!
] p 0O

4H, C(O)CH,CD. H NMR (60 MHz, acetone-dg) 8: 2777(s, 1H, N-H, D50 excl),
4.50(s, 4H, C(O)CH,Cl). -Mass spectrum (70 eV, EI, 172°) m/e (rel. it %)
169(0.3, M 1), 134(7.1, M*- - CI), 93(6.8, M- - CICH=CO), 77(70.2, CI-CHACO 1),
76(11.9, M*- - CO - CICH,0r), 49(100, cr‘izzcﬁ), 44119, M*- - CICH=(0O)
(flCHz'), 42(50.3), 41(12.0). High resolution molecular wcight determination (60"),
caled. for C4H30235C1N (M - CI): m/e 134.0009; found: m/e 134.0029; caled. tor
C4H30,37CIN (M - Cl): m/e 135.9980; found: m/e 136.0002. IR (KBr disc): 3260 and
3180(N-H), 1750(C =0), 1550, 1520, 1160(imide I band) em™L.




Bus(dimethy! phosphonoacetyl)amine 5 ,
7 - a

Nitrogen was bubbled  vigorously into a refluxing solution of
bis(chloroacetyl)amine 4 (3.40g, 20 mmol) in 30 mL of trimethyl phosphite for 7 h.
The resulting solution‘was cooled and a 1H NMR spectrum of the crude rhixture
identified the formation of two products - the required bis(dimethy]
phosphonoacetyl)amine 5 and a by-product, dimethyl me‘thylphosphona[e. A vacuum
distillation (0.5 mmHg) removed ca. 2 g of dimethyl methylphosphonate (b.p. 37-389),
purification of the remaimming light brown svrup by flash ;hromat()graphy using
methanol-methylene chlonide (1/19) as eluant gave bis(dimethyl

N
phosphono)acetylamine (+.1 g, 65%) as a colourless and viscous liquid. 14 NMR (60

MHz, CDCl3) §. 3.37(d, 4H, J=22 Hz, CH>P(O)(OMe),, 3.83(d, 6H, J=12 Hz,,
P(O)(OCH3)»), 10.10(bs, 1H, NH). Mass spectrum (70 eV, EI, 150° m/e (rel.
int. %)  :  317(0.2, M7, 151(49.3, M(MeO):P(O)CHﬁO‘*), 124(100,
iMeO)zP(=CHzOH+')‘ 109(442, (MeO),P(0)™), 94(66.5, . MeOP(O)HCH;*"),
93(8.0, MeOP(O)CH3+), 79(39.7, MeP(O)OHT™). IR (neat): 3220(NH), 1680 and
1730(b) (C=0), 1250(b) (P=0), 1020(b) (P-O-CH3)cm'1. -

A substantial amount of the undesired by-i)roduct, dimethyl methylph(;sghonate
(ca. 10 g) was obtained in z{dditio‘n to much unreacted starting material, offering little
of the desired bis(dimethyl phosphonoacetyl)amine 5, if the process of biibbling
pitrogen gas into the refluxing solution had been orn?tted. Presumably, nitrogen
fntroduction rapidly removed methyl chloride (itself a by-product) from the reaction

\
mixture, minimizing the latter’s reaction with the excess trimethyl phosphite; therefore, |

this slight modificatterrallowed the reaction to proceed to completion.

-~
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N-2-(Dimethyl phosphonoacetyl)cinnamamide 6

To a solution of bis(dimethyl phosphonoacetyl)amine (317 mg, 1 mmol) in 50
ml of dry tetrahydrofuran under a nitrogen atmosphere, was added a sodium hydride
dispersion (20 mg, 0.5 mmol, 60% dispersion); after 15 min at room temperature the
reaction mixture was cooled to 5° and a tet.rahydrnfuran (10 mL) solution ot
benzaldehyde (53 mg, 0.5 mmol) was added over a 1.75 h penod The ice-bath was
removed-and the mixture was magnetically stirred at room temperature overnight.
Evaporation of the solvent and purification by flash chromatography using methanol-
methy}ene‘ chloride (1/19) as g¢luant gave 90 mg (61 % yield with respect to
benzaldehyde) o% N-2-dimethyl phosphonoacetylcinnamamide 6 as a white solid.

Recrystallization from ethyl acetate-petroleum ether afforded white crystals, m.p. 98-

1100°. 1H NMR (60 MHz, CDCl3) & 3.50(d, 2H,.J =22 Hz, CH,P(0)), 3.77(d, 6l1,
"J=11 Hz, QCHy), 7.07-7.60(m, SH, CgHs), 7.30(ABq, 2H, T=15 Hz, €l = = Cli-Ph),

9.93(bs, 1H, NH). Mass spectrum (70 eV, EL, 70°9) m/e (rel. int. %) : 151(95.8,
(MeO),P(0)CH,CO ), 131(12.9, Ph-CH=CHCO™), 124(67.2,
(MeO),P(=CH,)OH*+), 109927, (MeO),P(O)*), 103(29.4, Ph-CH=CH*),
79(76.5, MeP(O)OH ™), T7(53.2, CgHs +). !

-

- -

trans-Cinnamimide 7

To a solution of 270 mg (0 852 mmol) of bxs(dxmethyl phosphonoaccwl)dmmc 5
in 60 mL,of dry THF was added NaH (68 mg(60 % o1l disp.), 1.70 mmol); hydrogen
evolutlon was immediate, and the suspension became clear. After 30 mm at room
temperature, the reaction mixture was cooled to 0, and a THP; ( 1‘0 mL) solution of
benzaldehyde (90 mg, 0.852 mnilol)‘ was added over a 1 h period. The solution was

allowed to further proceed for ar extra 30 min at room temperature. Evaporation o\f

_the solvent and purification by flash chromatography using ethyl acetate as eluant gave

\

%

L




60 mg of cinnamimide 7 as white crystals, m.p. 198.5-199.5°(1it.’® m.p. 198.5-199°) as

the undesired by-product egd only 38 mg (17% yield with respect to benzaldehyde) of
N-2-(dimethyl phosphonoacetyl)cinnamamide 6. IHNMR (60 MHz\, CDClg) 6: 7.17-
7.90(m, 1f)H, 2C¢Hs), 7.62(ABq, 4H, J=15 Hz, CH=CHPh), 8.88(bs, 1H, NH). Mass

spectrum (70 eV, E.L, 277°) m/e (rel. int. %) : 277(11.3, M*+), 206(9.6, C{gH14 ™), )

205(31.7, C;3H3 %), 18085, Ci4Hyo 1), 179(7.7, C14H 1 T), 178(16, Ci4H1y™),
131(91.5, Ph-CH=CH-CO™"), 103(92.8, Ph-CH=CH*), 77(100, CcHs5™), 51(54.2).
High resolution molecular weight determination (170°), calcd. for C1gH150,N: m/e

¢

277.1102; found: m/e 277.1061. .o

Carbamoylmethylenetriphe'nylpﬁosph'érane 84l

!

According to the method of Trippett and Walker, 935 g (0.1 mmol) of 2¢ *

chloracetamide and triphenylphosphine (262 g, 0.1 mmol) was refluxed for 24 h in

250 mL of nitromethane. The reaction mlxture was cooled in ice, ancfﬁ]\ered to give

carbamoy}methylphbﬁphonium chloride (30.1 g, 85%). 25 g bf this C%‘l oride was
dissolved in 500 mL of water, cooled to 09, and then made alkaline with 2 N NaOH
solution. With' minimal delay, the resulting precipitate wds filtered, washed with water
and dried in vacuo to give 213 g of phosphorane 8 (95% yield) (m.p. 172-175°, lit. 177-
'1780). | \ | ‘

Nitrile 10 ‘ .

*

A mixture of 100% fuming sulfuric acid (123 mg, 1.25 mmbl), acetic anhydric.ie (

(1.53 g, 15 mmol) and carbamoylmethvlenetnphenylphosphot‘ane 8 (4 g, 12.5 mmol)
was heated for about 5 h at100° .and then for an extra 3 h at 150°. The mixture was

.

129. Q.E. Thomp#¥n, /. Am. Chem. Soc., 13, 5841 (1951).



89

cooled and then ice-water. was added to the black and tarry syrup. The product was
extracted with ethyl acetate; )the ethyl acetate extract wash washed with saturated
sodium bicarbonate solution, water and brine before drying withﬁ MgSQOy. Evaporation
of the solvent in vacuo yielded a white crystalline compound (m.p. 203-2089). 11
NMR (60 MHz, CDCly) 6: 2.37(s, 3H, C(O)CH3), 7.27-7.03(m. [SH, CpHg) M
spectrum (70 eV, E.IL, 2929) m/e (rel. int. ¢0) :344(2().4. M- 1), 343(19.0, M,
330(23.4), 329(100, 344 - CH3') High resolution molecular weight determination
(2409), calcd. for Cq»)HlSONP 343.1126; found: 343.1093.; IR (I\Br disc): 3070 and
3040(aromanc C-H stretch), ”l’]O(C N stretch), 1585(C=0) cm ™
N-Acetyl-2-chloroacetamide 11 C

3

. 2-Chloroacetamide (37.4 g, 0.4 mol) was added to a solution of HA50, (3.9 g, 2
ml-containing 30% SO5) in acetic anhydride (49 g, 0.48 mol) under nitrogen. After 20
minutes of stirring at 60°, the initial clear golden-coloured solution became cloudy
with precipitate. The white solid cake was heated for an extra 4()'minutc_s at 609 to
ensure completion of the reaction. Cold ice water was added to destroy the exccss.
acetic anhyd?ide' the product was extracted with ethyl acetate (3 x 300 ml.), washed

with saturated NaHCO3 solution (2 x 150 mL) and brine (150 mL) before drying with

MgSO4 Evaporatlon of the solvent in vacuo and recrystallization from ethyl acetate

gave 43.7 g of the imide (31% yield), m:p. 111-1139. Lit.** m.p. 106°. TH NMR- (ol
MHz, CDC13) o 240(5 3H, CHj), 4.33(s, 2H, CH,Cl), 9.05(bs, lH NH).  Mass

spectrum (70 eV, E.I., 120°) m/e (rel. int. %) : x35(01 Mt 93(15 M+ - CH,C0),

77(1.6, CICH,COY), 49(6.7, Cl-CHé"') 44(10.9, HO-CNH ¥, 43(100, CH3CO™),
42(12.5, CH3CN -H +) High resolution molecular welght determmauon (409), caled
for C4H602C1735N (M): m/e 135.0087; found: m/e 135. 0123 IR (KBr disc): 3262

s

:

A
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and 3180 (N-H), 1748(C=0), 1540, 1508(C-N), 1378(s), 1230 and 1164(imide III

bands) cm ™~ L,

N-Acetyl-dimethyl phosphonoacetamide 12 S /

Imide 11 (6.78 g, 30 mmol) was added to trimethyl phosphite (24.8 g, 200 mrhol)
and the reaction mixture was then heated under reflux for 5.5 h. The reaction was
monitored by TLC. The apparatus was then arranged for vacuum distillation to
remwove the excess trimethvl phosphite and dimethyl inethyl phosphonaie, a major by-
product of the reaction, "The resulting phosphonz;te 12 (a viscous oil) could not ber
purified by vacuum distillation; it was left behind and was found to be 95% pure by 14
I\}MR. To obtain even pL‘}(rer phosphonate 12, a Kugelrohr distillation (200-230°, 1.8
mm Hyg) atforded a colourless oil in 639 vield. J IH NMR (60 MHz, CDCly) 6: 2.37(s,
3H, CHj), 3.22(d, 2H, J=22 Hz, (MeO),P(O)CH>-, 3.83(d, 6H, J——;11.5 'Hz,
{MeO),P(0)), 9.30(bs, 1H, NH).' NIZ‘S‘;pectrum (70 eV, E.I.; 180°) m/e (rel. int. %) :
209(0.3, I\/I'*"), 194(104, M™*- - CHy), 167(5.8, MT- - CH,CO), 151(62.2,

(MeO),P(O)H,CO+, 124(59.0, (MeO),P(=CH,)OH+7), 109(508, (MeO),P(0)*,

* t
94(50.8, MeOP(O)HCH;3 "), 93(3.0, MeOP(O)CH;3 %), 79(39.7, MeP(O)OH *). TR
(neat): 3180(NH), 1780-1660(C=0), 1510ecm ™1, <

@

/

N-Acetylcinnamarfu‘de 13 . A

————Sodium hydride (1.2 g; 50 mmot)-was-addedto a~solutiomof phosphonate 12
(10.45 g, 'S0 _mr'nol) i dry methylene chioride .'(P205’) at -20° under a nitrogen

atmosphere. The mixture was kept stirring for 10 minutes resulting in precipitation. '

Benzaldehyde (442 g, 42 mmol) in 20 mL of dry methylene chloride was \added

dropwise to the mixture over a 15 minute period. The solution became clear and after
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30 minutes at -20°, the reaction was kept for an extra 1.5 h at room-temperature before

quenching——witﬁ water. The product was extracted with meth)"l-ene chloride (2 x 200
mL), washed with water (2 x 70 mL), and dried over magnesiumjsulfate. Evaporation
of the solvent yielded a crude crystalline residue. ﬁ;ree crops of pure product were

“

obtained by precipitating the crystals with petroleum ether fro a concentrated ethyl

. acetate solution, reevaporating the mother liquors and repeating the process. The

three crops were weighed '(5.51 g, 70% yield) and melted at 127-128° (lit. m.p. .
Thompson!?? give 131-132°, Polya et al.130 1279). The fourth crop was contamjnated
with benzaldehyde. 1H NMR (60 MHz, CDCl3) & 2.47(s, 3H, CHg), 6.87(d, LH, J=10
Hz, CH= CHC6H5) 71777 67(m, SH CgHs), 7.78(d, 1H, J 16 Hz, CH= CHC6HS)._
9.33(bs, 1H, NH). Mass spectrum (70 eV, E.L,2400) m/e (rel. int. %) 189(58.0,
M*-), 147202, M* - - CH,CO), 146(65.6, M*- - 43), 131(100, Ph—CH‘—CHCO“: ), -
103(742, Ph-CH=CH*), 102(483), 77(56.0,4C¢Hs*), 51(35.9, CgHs* - CoH),
43(80.4, CH3CO+). Higﬁ resolution inolecﬁjar weighi determinggion (706), calced. for
CllHlLOZN (M): m/e 189.0790; found: m/e 189.0é35. IR (KBr disc): 3000-3280(b)-

(N-H), 1630(C=C) cm ~ 1,
» N \

- ’ ’ . hd
. Isolated ketone 14 and alcohol 15 2

1.4 mL of n-butyllithiumr (22 mmol, 1.6 M in hexa;ie) was zﬁided to a -78°
solution of }V_-acetylcinnamanﬁde 13 'in 5 mL of dry THF under N». The clear
colomle§s solution immediatel); became orange-bréwn. After an extra 15 min. at -789,
the reaction mixture was warmed to room temper’dmre, 5 mL of water was added and
the bulk of the tetrahydrofuran remqved in vacuo® The proglucts were éxtracted with *
diethyl ether (1 x 20 mL); the ether extract was washed with water (1x 7 mL) and dried

over magnesium sulfate. Evaporation of the-solvent and purification by flash

130. - MR. At inson, E.A. Parkes and J.B. Polya, . Chem. Soc.,
4256 (1954).

i
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Hz, CH,), 688(d, 1H, J=15 Hz, CH=CHPh), 7

N o . 4§ ' ' 92
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chromatogtaphy (ethyl acetafe-petréleum ether : 1/19) gave S5 mg of alcohol 15

‘(Rf=‘ 0.53) and 29 mg of ketone 14 (Rg=0.42). 1H NMR (60 MHz, CDCl3) of alcohol

15 §: 0.57-1.90(m, 18H, 2 C4Hy), 630(ABq, 2H, J=16 Hz, CH=CH), 6:90-7.37(m, SH,
CgHs). 'H NMR (60 MHz, CDCl3) of ketone 14 §: 1.0-2.0(m, 7H, (CHp);CHy),
2.62(t, 2H, J=7 Hz, C(O)CH,), 7.05(ABq, 2H, J=16 Hz, CH=CH), 6.90-7.60(m, 5H,

CgHs)- o L

Methylationr of the dianion of N-acetylcinnamamide 13: formation of N-

propionylcinnamamide 17
\ ?

A solunon of N—acetylcmnamaxmde 13 (189 mg, 1 mmol).in THF (3 mL) was
added at -780 to 22 equwalent of lithium hexamethyldxsxlazxde (generated in sitiz from

hexamephyldlsllazane and n-butyllithium at -78°) in THF (5 mL). The c?lour of the

Teaction mixt\lxre immediately became reddish-brown. It was allowed to warm to 00

_and further stirred for 30 min at 0°. Then methyl iodide (0.14 mL, 2.2 mmol) was

added via a syringe and’the colour of the solution became' a pale orange. After stirring

for 1 h at 00, 10 mL of ice- cold I N HCl solutlon was added to the reaction. -The

solution was extracted with ethyl acetate, dried wzth magnesium sulfate and evaporated’

to give 28 mg (149%) of N-propionylcinnamamide 17 (Yvhite crystals, m.p. 130-1329) and
18 mg of starting material after column chromatography (ethyl acetate-petrol_eun; ether
: 1/4). 1H NMR (60 MH;, CDCl3) §: 1.18(t, 3H, J=7.0 Hz, CH3), 2.70(q, 2H, J=7.0
£7(m, SH, CgHs), 7.65(d, 1H,

I =15 Hz, CH=CHPh). : ‘
, B - L
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Compound 19

> To an ice-bath cooled (0°) solution of N-acetylcinnamamide 13 (189 mg, 1

mmol) in 2 mL; of dry methylene chloride, undér a nitrogen atmosphere, was added

trimethylsilyl trifluoromethanesulfonate (445 mg, 2 mmolg. YThe reaction mixture was,

stirred for 15 min at 0° followed by the addition of triethylamine (223 mg, 2.2 mmol).

- Immediately, the solution became bright yellow. If was left for an extra 1 h at 09,

warmed to room temperature and maintained for 1.5 h before 1 N HCI (3 mL) was

"added. The solution was extracted with methylene chloride (20 mL); the organic

extract was washed with 1 N HCl (7 mL), saturated sodium bicarbonate (7 mL) and
water (7 mL) and dried with MgSO4 JAfterflash chromatograpl{y using ethyl acetate
petroleum ether (1/ 1) as eluant 68 mg of 19 was obtained as a yellow powder, along
w1th 47 mg of an umdent1f1ed by-product which had the same Rgvalue as the starting
matenal 1H NMR (200 MHz, CDC13) &: 2.36(s, 3H, COCHj3), 2.73(dd, 1H, J=4 and
16 Hz, CHAHBC(O)), 3. OS(dd 1H, J=8 and 16 Hz, CHAHBC(O)) 4.07(dd, 1H, J =4
and 8 Hz, CqHqCH), 7.20-7.50(m, ‘ 10H, 2Cg¢Hg), 730(ABg, 2H, Jel16 Hz,
CH=CHPh), 8.0§(ps, 1H, NH), 8.69(bs, 1H, NH). Mass spectrun‘i (70°eV, EL) m/e

(rel. int. %) : 360(L6, M**), 318(5.9, M**- CH,CO), 317(104, M+~ HN=C=0), .

302(23.9, M*. - CO - CH3NH:), 301(100, M*- - CH3CONH,), 275(7.6, M*: -
CH,CO - HN=C=0), 274(30.7, M*- - CH,CO - NH,CO), 273(220), 272(22.7),
245(13.5), 244(19.0). High resolution molecular weight determination ( 1959), caled.
for CyyHogO3N (M): m/e 360.1473; found: m/e 360.1528.

- v -

1

N-Acetyl-N-benzylcinnamamide 26

. Jo N-acetylcfnnamamide 20 (189 mg, 1 mmol) 2 mL of dry DMF, under a
nitrogen atmosphere, was added NaH (60 mg(60 % oil disp.), 1.5 mmol); hydmgen

evolution w‘}{mmedlate and the suspension became clear. ‘After 30 min of stirring at

-
3
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room temperature, the reaction mixture was cooled to 0° and benzyl bromide (257 n'lg,
1.5 mmol) was added dropwise via a syringe. The solution ixﬁmediate}y became pale
yellow and after 30 min, it became a white suspension. The mixture was allowed to
warm to room temp€rature and maintained for an extra 1 h. The gélution was then
diluted w;th 20 mL of water, and the mixture was extracted with diethyl ether (3 x 30
mL), washed with water (4 x 20 mL) and dried over MgSQOy. Pu,rificatién by flash

chromatography using ethyl acetate-petroleum ether (1/4: v/v) as eluant gave N-

acetyl-N-benzylcinnamamide 20 as a semi-solid (148 mg, 53 %). Recrystallization from
, ,

diethyl ether afforded white c‘rystals,b m.p. 91-920, IH NMR (60 MHz, CDCly) é:

2.50(s, 3H, CH3)/, 5.Q(s, 2H, CH,Ph), 7.03(d, 1H, J=16 Hz, CH=CHPh), 7.03-7.67(m,
10H, 2CHs), 7.77(d, 1H, J=16 Hz, CH=CHPh). Mass spectrum (70 eV, E.L, 250°)

m/e (rel. int. %) : 27'9(.7.8.5, M*), 148(94.1, M*- - 131), 132(12.6, CHj - CKI-CHZP‘?{),

131(100, PhCH=CHCO *), 106(86.4), 103(65.0, PhCH=CH™* )¢ 132:0, C6H5CH2+)\,

77(475, CgHs™), 51(18.4, CgHs™ - CoHp), 43(52.5, CH3CO™). High resolitiom
molecular weight determination (1209), calcd. for C1gH170,N: m/e 279,1259; found:

m/e 279.1281. IR (KBr disc): 1667 and 1695(C=0) em~ L. .

’ ]

<+

L
+

N-Benzylcinnamamide 21

Potassium t-butoxide (30 mg, 0.267 mmol) was added to N-cetyl-N-
benzylcinnamamide (68 mg, .244 mmol) in 3 mL of dry t-butanol and the mixture was
héate_d at 70° for 1.5 h during which all starting material had disappeared. The
product was diluted with 15 mL of diethyl ether and 3 mL of 0.1 N HCI was added.
Th; organic layer was separated form the aqueous layer, washed with water (2 x 5 mL)
and dried over MgSOy before removal in vacuo. Purifieation by flash chromatography
using ethyl acetate-petroleum ether (1/3) gave 14 mg of N-benzylcinnamamide 21. 1y

NMR (200 MHz, CDCl3) &: 4.54d, 2H, J=5.4aHz, CHZPh). 5.18(bs, 1H, NH), %.43(d,

-

b
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1H,- J=15.4 Hz, CH2CHPh), 7.19-7.56(m, 10H, 2C¢Hs), 7.66(d. 1, J=154 Hz
CH =CHPh). Mass spectrum (70 eV, E.L) m/e (rel. int. %) : 237(99.1, M), 160(6.2, -
Mt . CGH;)_, 131(.100, PhCH=CHCO™), 106373, C;HgN™), 103(524, .
PhCH=CH*). IR {CHCl3): 1647(C=0), 1627(C=C) em~ !

i

Silyl enol ether22 - p

14

A dry flask charged with 1,1§‘1,3,3,3-hexamgthy1disuazane (194 mg, 1.2 mmol)
and 4 mL of dry tetrahydrofuzan pﬁder a nitroéen atmosphere was cqpled to -78°. ' n
BuLi (1.2 mmol, 1.60 M in hexane) was added dropwise, and the mixture stirred for 30
" min at -78%. To this was added a solution of N-acetyl-N- hc,nzylcmnamdmlde 20 (279
mg, 1 mmol) in 2 mL of dry tetrahydrofuran. The resulting bright yellow solution was
stirred for a further 20 min before quenching with excess chlowtrimcthylsila‘ne (520
mg, 4.8 mmol). The solution (now a pale yellow colour) was poured into dry hexane
(freshl'y distilled over P»Og) and fo;'rn'ation of a white precipitate (LiCl) was ol.)serqu.
The precipitate was filtered off and evaporation of the solvent in vacuo afforded the
silyl enol ether 22 in quantitative yield as a colourless oil. IH NMR (60 MHQ,’CD\,CI’})
& 0.23(s, 9H, Si(CHz)s), '4.03 land 4. 20(2d, 2H, J=1.8 Hz, C=CHj), 4.77(s, 2H>
)CHth),707(d 1H, J=16 Hz, CH CHPh), 7.15- 753(:\1 S5H, C6H5) 7.77(d, 1H, J=16
Hz, CH=CHPh).

-~

Silyl ether amide 25 I

n-Butyllithium (5 mmol, 1.6 M in hexane) was addéd' to a solution of -
.
bis(trimethylsilyl)acetamide (1.02 g, 5 mmol) in 15 mL of dry THF at -78° under
mtrogen The rcsultmg milky solution was surred for 20 min before proceceding with

the dropW15e addmon of crotonaldehyde (350 mg, 5 mmol) in THF (10 mL) over a




‘period of 15 min. The mixture was then stirred for an extra 30 min at -780 and warmed

t0-40°. It was maintained at -40° for another 1 h. ‘After whrming to 0°, the reaction

¢ -was quenched with 20 mL of saturated ammonium chloride solution. The THF was

removed in vacug and the solution was extracted with ethyl acetate (2 X 60 mL); the

cthyl acetate exiracts were washed once w1th brine and dried over magnesium sulfate.

800 mg of the product substancc was recovered as an oil (80 %). lH NMR (60 MHz,
- CDCl3) 4: 0.00(s, 9H, OSi(CH3)3), 1.60(d, 3H J=4.8 Hz, CHy), 2’78(d 2H,J=5.5 Hz,
CHyCONH,), 4.42(dt, 1H, J= 6 0 and 6.0 Hz, CHOSx(CH3) 1), 5. 70 6.00(x,

'CH=CH), 6.37(bs, 2H, CONHa).
- /

‘B-lodoacetal 26

. '
’ According to the method of Gil,3’ iodotrimethylsilax}xe (4.4 g, 22 mmol) and’

ethylene glycol Z1.24 g, 20 mmol) were added to cinnamaldehyde (1.32 g g’ 10 mmol) in

40 mL of dry methylene chloride at (° under a nitrogen atmosphere. After 5 min of

stirring, S0 mL. ot05% 7\IaHCO» solution was added to the mixture. The product was

extracted with diethyl ethér (2 x 80 mL); the ether extracts were washed with 10%
sodium thxosulfatf; solutxon (3x40mL), 5% NaHCO3 (1 x40 mL) and water and dried _
. w1th magnesium sulfate. . After removal ef the solvent 276 g (91%) of this highly

unstable product was recovcreq ‘as an oil and was used as such with minimal delay. Iy

NMR (60 MHz, CDCly) &: \ 07-3.03(m, 2H, CH.CHI), 373-4,14(m, 4H,
CH(02CHy)y), 4.93(1, 1H, J=4 Hz, CH(OZCHf,)z) 5.33(t, 1H, J=THz, CHIPh), 7.00-
7.67(m, SH, C6H5~) '

)

-
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- | B-Bromoacetal 27

~
} . ’
r

According to the method of Gil,>’ brommnmcthyl,\ﬂ)} (842 mg. $5 mmol)
was added to cinnamaldehyde (330 mg, 2.5 mmol) 10w ot diy methylene chloride
at 0° under N> and the solixtxon was stirred for 20 min - To this was added ethylene
glveal (310 mg, S nllmol) dissolved 1n 3 ml of methyvlene chionde and the Jlear
colourless mixfure became green. The reactibn was mamntaned for Ty hat 09 then "0

] mL of 5% NaHCO; solution was added to quench the reaction The prml;wt Wl
extracted with diethyl ether (1 x 60,;111 ): the ether extraer was washed with 10 il of
brine and dned_oxfcr NIgS()4. Removal of Yhe wiven{ v Ao save 3 bromosgeetal L/
as an oil in quantitative vield. g NMR (200 MHez, CDClyy 6 227-248(m,
CHAHBCI-IBr)‘, 2.66(ddd, 1H, T=50 Hz, 88 and 136 Hz, CHHRCHB, .3 0
-4.08(m, 4H, H(O;CH5)o), 4.93(t. 1H, J=37 Hz, CH(O1CHA)~), S07-5 24m, ],
rPh), 7.19-7.51(m, 5H, C6H5). Mass spectrum (70 eV, E.L) m/c¢ (rel nt. %)
C:(Zw, M- Br), 176(0.9. Mt HBr), 73(100, (CH,0),CH*). .
2-1\/Ietlzoxycc;rborzyl-3-plzenyl-glutan'mule 28 '

/ : ' ‘ .
. —
To a refluxing solutioh of methanolic sodium methoxide (103 mg of sodium, <45

-mmol) and dimethyl malonate (595 mg, 4.5 mmotl) was added cinnamamide (441 mg, 3
° mmol) in dry methanol and the mmure reﬂlmezl further for 23 b The muxture wu‘\
poured into 10 % acetic acid solution (10 mL), and the products were extracted with
ethyl acerate (1 x 30 mL); the ethyl acetate extract was washed once with hrine and
dried with '‘MgSO,. Removal of the solvent gave a crude residue which waos
subsequently purified by flash chromatogmphy using 300 mlL of ethyl acetate-
:Q_ petroleum ether (1/3) as eluant for the first three less polar products‘,‘followed by ethyl

acetate alone for eluting out the very polar cinnamamide (starting material). The

products recovered in increasing order of polariyare methyl cinnamate (40 mg),

~

-
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triester 29 (55 mg), 2,3-disubstituted glutarimide 28 (175 mg, 24%) and cinnamamide

(173 mg). 'H NMR (60 MHz, CDCl3) of glutarimide derivative 28 §: 2.70-3.17(m, 2H,
CH,(0)), 3.37-397(m + s(OCHj), SH, CHCO,CH3), CHPh and CO,CHj), 6.93-
7.47(m, SH, 66.H5)' Mass spectrum, (70 eV, E.IL, _1250) m/e (rel. int. %) : 247(10.0,
M*1), 21637, M* - CH307), 215(22, M*- - CH;0H), 189(34.8, M- -
‘CH,CONH,), 188(100, M*- - CH30- - CO), 187(6.1, M*- - CH;0H - CO),
171(12.7), 161(13.9, M* - - CH,CONH, - CO), 160(34.1, M*+ - CH30 - 2CO)." High
resolution molecular weight determination (1359), calcd. for C13/Hl3O4N: 247.0844;
found: 247.0855.

Dimetlz;ll 2-fmethoxycarbonyl)-3-phenyl-glutarate 31

To a solution of dimethyl malonate (1.98 g, 15 mmol) and sodium methoxide

- (810 mg, 15 mmol) in anhydrous methanol (S mL) was added a solution of trans-methyl

cinnamate (1.62 g, 10 mmol) in methanol. The mixture was refluxed for 19 h under
nitrogen, cooled and acidified with IN HCl until‘ pH 1. Methanol was removed in
vacuo, the product extracted with diethyl ether (2 x 30 mL), washed once with brine (10
mL), and dried (MgS0,). “The crude residue, after evaporation of the solvent in vacuo,
was chromatographed on silica gel. Elution with ethyl acetate-petroleum ether (}:4’
v/v) afforded triester 31 (1.61 g, 53%) as, a transparent liquid. IH NMR (60 MHz,
CDCl3) §: 2.70-3.00 (m, 2H, CH,CO,CH3), 3.50 (s, 3H, CO,CHsy), 3.55 (s, 3H.

CO4CH3), 3.77 (s, 3H, CHyCO,CH3), 3.80-4.00 (m, 2H, PhCH and CH(CO,CHz),),

7.27(s, SH, CgHg). Mass spectrum (70eV, E.L, 459) m/e (rel. int. %) : 294(6.4, M),
263(4.3, M*- - CH30 ), 234(28.8, M7+ - CH30H - CO), 231(7.9, M+ - CH;0H -
ci{3o-), 203(3.3, 231 - CO), 202(420, M*+ - 2CH30H - CO), 189(7.0, M- -
'CH2CO£CH3 - CH30H), 176(26.8), 175(100, 203 - CO), 174(33.0, M*- - 2CH;30H :

F’\
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2CO). High resolution molecular weight determination (459°), calcd. for CISHISOO:
294.1103; found: 294.1103. IR (neat): 1735(b) (C=0), 1430(phenyl) cm ™ L

Dimethyl 3-phenylglutarate 32

Triester 31 (1.47 g, S n;mol), sodium chloride (526 mg, 9 mmol) and water (252
mg, 14 mmol) in 2.5 mL of dimethy! sulfoxide was heated at 165-170° for 2 h, following
Krapcho's procedureb’ for demethoxycarbonylation. The mixture was cooled, 30 mL
of water was added, and the product was extracted with diethyl ether (3 x 20 mL). The
orgzmic layer was washed once with brine (10 mL) and dried (MgSO,). Evaporation (;}\
the solvent in vaa;o gave a crude solid which was recrystallized from diethyl ether to
give dimethyl 3-phenyl glutarate 32 (703 mg, 60%), m.p. 85-87° (Lit. value!3! 85-879).
IH NMR (200 MHz, CgDg) 6: 2.33-270(m, 4H, 2 CH,CO,CHsy), 3.23(s, 6H, “
COZCH% 3.50-4.07{m, IH, PhCH), 7.07(s, SH, C¢Hs). Mass spectrum (70 cV,l EL,
1300) m/e (rel. int. %) : 236(7.8, M*+), 205(16.7, M+ - -OCH3), 204(8.6, M*" -
CH5OH), 177(12.2, M*- - CO - "OCHj3), 176(100, M*-. CH;0H - CO), 131(26.5,
M*- . ‘CH,CO,CH3 - CH30H), 121(43.2), 118(49.0, PhCH(CI—Iz)CH2+), 117(17.6,
PhC(=CH,)CH, %), 104(17.3, PhCHCH,*), 103(202, PhCH=CH*), 91(179,
C7H7+), 78(11.6, C6H6+°), 77(15.8, CgHg +), 59(36.1, CH30-CEO+ ). IR (CHCly): ‘
1720(b) (C=0), 1420(phenyl) cm ~ L.

3-Phenylglutaric acid 33

To a stirring solution of dimethyl 3-phenylglutarate 32 (1.56 g, 6.61 mmol) in 20
mL of reagent grade methanol was added S mL of a 10 N NaOH solution. The

solution was stirred for 30 min at room temperature and then acidified with 1N HCI

131. G.P. Schiemenz and H. Engelhard, C/tem. Ber. 95, 195
(1962).
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sotution. The methanol was removed in vacuo and the product was extracted with
) ”

ethyl acetate (‘Z‘.x 100 rﬁL). The organic extracts were dried (MgSO,4) and evaporated ,
to give the crude diacid. Recrystallization frqm'waﬁuf'tb),de/d the diacid (735 mg,
549%). M.p. 137-139° (Lit. valué™'139-1419). 1H NMR (200 MHz, CD3CN) §: 2.58(dd,
2H, J=8.5, 159 Hz, CH,HpgCOOH), 2.72(dd, 2H, J=6.5, 15.9 Hz, CH \HgCOOH),
3.40-3.58(m, 1H, PhCH), 7.28(s, SH, CgHsg). IR (KBr disc): 3000(COOH), 1700(b)

(C=0) em~ 1,

3-Phenylglutarimide 34

\
3-Phenylglutaric acid 33 (690 mg, 3.32 mmol) and finely ground urea (219 mg,

) 3.65 mmol) were mixed in a round bottom flask (10 mL), and the flask was immersed i

in an oil bath preheated to 170°. A magnetic stirring bar was added and the melted
solution was stirred for 3 h. After cooling, the crude residlie was recrystallized from
absolute ethanol to afford 436 mg (69%) of 3-phenylglutarimide. m.p. 175-177° (lit.132
m.p. 175-177°). 1H NMR (200 MHz, CD+CN) §: 2.75(d, 4H, J=8.0 Hz, CH,C(0)),

' 332-3.55(m, 1H, PhCH), 7.19-747(m, SH, CgH), 8.78(bs, 1H, NH). Mass spectrum
(70 eV, E.L, 265%) m/e (rel. int. %) : 189(100, M*+), 161(8.9, M*- - CO), 160(19.7),
131(573, M*- - -CH,CONHp), 118(19.0, M*- - HNCO - CO), 117(152,
PhC(=CH)CH2+_), 115(10.7), 104(77.8, PACH,CH, %), 103(33.7, PhCH=CH*), 91

~(16.3, C7H7t), 78(40.3, CgHg*), 77(25.8, CgHs ™). IR (neat): 3180(N-H), 1680-
1728(C=0) em ™1, —

o

132, A, Burger and A. Hofstetter, J. Org. Chem., 24, 1290
« (1959).
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3-O-t-Butyldiphenylsilyl- 1,2:5,6-di- O-isopropylidene-otD-glucofuranose 35
‘ ¢

A solution of diacetone glucose 3 (40 g, 169 mmol), -
butylch104rodiphenylsilane73 (46.5 g, 169 mmol) and irﬁ}lazole (23 g, 338 mmol) in }er
dimethylformamide (40 mL) was stirred at 85° undér N for 17 hours. Water (500
mL) was then added and the solution\extracted with ether (3 x 200 mL).\ The ether
extractS were washed with water (2 x 150 mL) and brine, dried (MgSOy) an;J
concentrated to give silyl ether 35 as a crude solid. Recrystallization frgm hexane gave
683 g of prodiict (89% ield, m.p. 98-100°). 'H NMR (300 MHz, €DCl3) §: 1.08(s,
3H, CHjy), 1.09(s, 9H, C(CH,)3, 1.33, 1.39, and 1.42(3s, 9H, 3CH3;, 4.00(dd, 1H, J =6,
8.5 Hz, 6a-H), 4.03(dd, 1H, J=3, 8.5 Hz, 4-H), 4.06(d, 1H, J=3 Hz, 2-H), 4.17(dd, 1H,
) ‘J=6, 8.5 Hz, 6b-H), 4.43(d, 1H, J=3 Hz, 3H), 4.45-450(m, 1H, 5-H), 4.81(d, 1H, J=4

Hz, 1-H), 7.37-7.90(m, 10H, 2 CgHs), Mass spectrum (70 eV, E.L, 69°) m/e (rel. int.
%): 483(8.4, M ¥+ - CH3"), 383(4.7, M*- - CHy - HyC=C=0 - (CH3),CO), 325(15.5,
M*- t-Bu - 2(CH3),CO), 297(8.1), 283(8.1), 253(100), 199(41.7, Ph,SIOH*), -

101(16.3, (CH3),COCH,CHO™).

4

3-O-t-Butyldiphenylsilyl- 1, 2- O-isopropylidene-o-D-glucofuranose 36
) . 1%

Siiyl ether 35 (15 g, 30 mmol) was heated in 70% aqueo;xs acetic acid (75 mL)
for 3-4 hours at 70-759. The solution was diluted with 100 mL of water and then

extracted with methylene cLloride (2 x 300 mL); the extracts were washed with

L




N saturated sodium bicarbonate solution (3 x 100 mL), water (1 x 100 ‘mL) and brine

"before drying over magnesium sulfate. Evaporation of the salvent qgave the crude diol

in quantitative yield which was used without purification in the nex‘t step. 1H NMR (60
MHz, CDCl3) §: 1.08 (s, 3H, CH3), 1.11(s, 9I:I, t-Bu), 1.39(s, 3H, CHy), 2.10-2.77(11\1,
2H, 20H, D50 exch.), 3.63-4. 13(m, 4H, 4-H, 5-H, 6a-H and 6b-H), 4.23(d, 1H, J=4
Hz, 2-H), 4.50(bs, lH 3-H), 5.80(d, 1H, J=4 Hz, 1- H) 7.20-7.87(m, 10H, 2 CcHs).
IR(neat) 3450(0H) em ~ L.

?

3- O-t-ButyldiphenyIsilylrl,2-O-bopropy_lidene-Ot-D-xylo-pentodialdo-l,:4-ﬁ4r;znose 37
- . - Y \
To diol 36 (1.03 g, 2.25 mmol) in chloroform (20 mL) at room temperature, was

added dropwise lead tetradcetate (1.29 g, 2.92 mmol, 1.3 eq) in 20 mL of chloroform
over a period of fifieen minutes. The solution was maintained for'l( hour and then
filtered through a bed of Celite. The product was extracted with chloroform (2 x 120
mL); the extracts were wasfxed with saturated sodium bicarbonate solution (2x40 mL)
and then with water (2 x 40 ;11L). The chloroform extracts were dried over magnesium
sulfate, whereafter evaporation of the solvent gave the aldehyde as a yellow oil in
qu:iintita.tive yield.” 'H NMR (200 MHz, CDCl3) é: 1.03(s, 9H, C(CH3)3), 1.13 and
136(2s, 6H, C(CHj3),), 4.20(d, 1H, J=4 Hz, 2-H, 4.51(dd, 1H, J=1.2 and 3 Hz, 4-H),
4.69(d, 1H, J=3 Hz, 3-H), 6. 08(d 1H, J=4 Hz, 1-H), 7.32-7.86(m, 10H, 2C4Hy), ’
9.70(d, 1H, J=1.2 Hz, 5-H). Mass spectrum (70 eV, E.L, 2000) m/e (rel int. %) : o
369(8.;, M*- t-Bu), 311332, M*- t-Bu- (CH3),CO), 283(33.0, M*-- t-Bu-
(CH;3),CO - CO), 253(75.4), 199(100, PhZSiOH+).
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Met{zyl esters of  3,56-tndeoxy-3-((1,1-dimethylethyl)-diphenylsilyl]-1,2-O-(I-
methylethylidene)-o¢D-xylo- hept-5-enofuranuronic acid 38a and 38b

698 fng'of aldehyde 37 (1.64 mmol) in 8§ mL of dry methanol was treated with
548 mg (1.64 mmol) of methyl (triphenylphosphoranyligene)acetate. After 30 min at
room temperature, 2 components of higher R were ob;ewed on TLC. The methanol
was removed in vacuo and after purification by flash chromatography (ethyl acetate-
petroleum ether: 1/9), it wa; possible to obtain a small amount of the two componentsu
in sufficient purity \o*identify them as cis (mindr and less polar) and ¢rans (major and
more polar) isomers. :I’he total yield of the purified mixtur;: of isomers was 639 mg
(81%). IH\ NMR (60 MHz, CDCly) of cis-ester 38b §: 1.07(s, 9H, C(CHj)3), 1.18 and
1.45(2s, 6H, C(CH3),), 3.58(s, 3H, COOCH3, 4.33(d, 1H, J=4 Hz, 2-H), 4.65(d, 1H,
J=3 Hz, 3-H), 5.60(m, 1H, 4-H),.5.75(dd,riH, J=1.5 and 10.5 Hz, CH=CHCO,CH3,),
5.96(d, 1H, J=4 Hz, 1-H), 6.38(dd, 1H, J=7 and 10.5 Hz, CH=CHCO,CH3), 7.10-
7.80(m, 10H, 2 CgHs). [alp> -0.53° (c3.15, CHCl3); IH NMR (680 MHz, CDCly) of
trans ester 38a §: 1.03(s, 9H, (CHs)3), 1.20 and 1.41(2s, 6H, C(CH3),, 3.68(s, 3H,
COOC_H;), 4.32(d, 1H, J=2.5 Hz, 3-H), 4.36(d, 1H, J=3.5 Hz, 2-H), 4.68(m, 1H, 4-H),
5.96(d, J=3.5 Hz, 1-H), 6.12(dd,‘1H, J=1.5 and 15 Hz, CH=CHCO,CHj), 6.83(dd,
1H, J=5 and 15 Hz, CH =CHCOO(£H3), 7.27-7.82(m, 10H, 2 C¢Hs). Mass Spcctl:um
of both trans- and cis-ester (70 eV, E ., 170°) m/e (rel. int. %) : 425(100, M - t-Bu),
407(7.1; M*- CH5- CH3COOH), 367(23.6, Mt t-Bu- (CH;)CO), 349(7.3, 367 -
H,0), 335(29.0, 335 - MeOH), 325(i7.8, 367 - H,C=C=0), 253(44.5), 213(19.4),
199(44.8., PhZSiOH*”’). IR ¢(neat) of the cis-ester: 1725(C=0), 1655(C=C) cm ™~ 1R
(neat) of the trans-ester: 1722(C=O),' 1660(C=C)cm ™~ 1 :

Alternatively,” in order to synthesize the trans-ester exclusively, the following
proecedure was used. To sodium hydride (0.34 g, 14.2 mmol, pre-washed with hexane)
in dry THF (30 mL), under a nitrogen atmosphere, was *added trimethyi

phosphonoacetate (2.73 g, 14.2 mmol); hydrogen evolution was immediate and after 30




9

lid

min at room temperature, the initially clear solution became a white suspension.\ To
this well-stirred suspension was added 4.04 g (9.48 mmolj-of aldehyde 37 in 40 mL of
THF via a drop funnel. The suspension became clear and after stirring for an e)&tra' 1.5
hours, water (30 mL) was added to the reaction. The bulk of the THF was removed in
vacuo and the product was extracted with diethyl ether (3'x 90 mL); the ether extracts

. A . e v .
were washed with water (3 x 30 mL) and dried with MgSO4. Evaporation of the

solvent gave 435 g (93%) of o,B-unsaturated ester 38a, exclusively in the frans

u

geometry, as a pale yellow syrup.
Q

Methyl ester of 3,5,68trideoxy-3-[(I,1-dimethylethyl)-diphenylsily!]-5-methoxy-1,2-0O-(1-

methylethylidene)-o-D-xylo-heptofuranuronic acid 353

" Esters 38a and 38b (165 mg, 0.342 mmol) and dimethyl malonate (50 mg, 0.377
mmol) were reflused in a methanolic sodium methoxide solution (2 mI' MeOH, ~8 mg
of Na) for 20 h. The solution was acidified with HCl (0.1N); the mixtflre was extracted
with ether (2 x 50 mL), washed with” water (2 x 15 mL) and dried over magnesium
sulfate. " 6 fng ‘of methyl ether 39 and 53 ‘mg of triester 40 were recovered after
purification by flash chromatography‘(l/w : ethyl acetate/petroleum ether), 1H NMR .
6 o:f methyl ether 39 (200 MHz, CDCl3) §: 1.05(s, 3H, CHj), 1.09(s, 9H, C(CHj)3),
1.38(s,3HCH3), 2.66(dd, 1H, J=6.0 and 16 Hz, CH,HgCO,CH3), 2.§2(dd, 1H, J=3.8
and 16 Hz, CH,HgCO,(H3), 3.31(s, 3H, OCHjy), 3.70(s, 3H, CO,CH3), 4.11(d, 1H,
J=4 Hz, 2-H), 4.14-4.29(m, 1H, 5-H), 4.15(d, 1H, J=3 Hz, 4-H), 4.48(d, 1H, ] =3 Hz, 3-
H), 5.69(d, 1“H, J=4 Hz; 1-H), 7.27-7.91(m, 10H, 2 C4Hg). Mass spectrum (70 eV, EL,
1800) m/e (rel. int. %) ¢ 499(3.4, M™- - -CH3), 483(3.2, M*- - -OCHj), 457(100, M- -
t-Bu-), 425(9.0, 457 - MeOH), 407(11.7, M*- - "CH3 - CH3COOH - CH3OH), 397(3.8,
425 - CO), 359(6.1, 367 -CO), 325(20.1, Mt . CH;CO5CHj - t-Bu- - (CH3)2COj. IR
(neat): 1738(C=0) cm ™~ L e

-
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. Methyl ester of. . 3,5,6-trideoxy-3-[ (1,1-dimqthylethyl)-dipheny&ilyl]_-d

(megho;ycar’bonyl )-5- (2-methoxy-2;oxoethyl )-1,2-0-(1-methylethylidene)-ce-D-gluco-
heptofuranuronic acid 40

A mixture of o,3-unsaturated ester 38a (1.17 g, 2.42 mmol), dimethyl malonate
(384 mg, 2.91 mmol), anhydrous potassium carbonate (2.49 g, 18 mmol) and
dicyclohexano-18-crown-6 (64 mg, 0.242 mmol) in 5 mL of dry tgluene was heated at

the reflux temperature for 22 hours under a nitrogen atmosphere. Potassium

L4

" carbonate was filtered off to give triester 40, which was use in the next step without

pnor pux%mcanon IH NMR (200 MHz, CDCl3) §: 1.06(s, 3H, CH3), 1.07(s, 9H,
C(CH:‘)) 135(s, 3H, CH3), 256(ABX system, 2151 J=45, 75 and 16 Hz
CHy ,Hg,CO;Me), 3.20-3.38(m, 1H 5-H), 3.60(s, 3H, Hg,Hg},CO,CH35), 3.72(s, 6H
CH(CO,CH3),), 4.03(d, 1H, J= 48 Hz,.CH(CO,CHjy),, 422(d 1H, J=3.6 Hz, 2- H)
423-4.33(m, 2H, 3-H and 4-H), 5.65(d, 1H, J=3.6 Hz, 1-H), 7.32-7.77(m, 10H, 2
CgHs). Mass spec‘:trum (70 eV, EL, 212%) m/e (rel. int. %) : 583(8.9,“M'+° - *OCHy),
557(100, M*- - t-Bu), 525 (39.4, 557 - CH3OH), 499(8.4, 557 - (CH3),CO), 467(59, -
» :
M*7 . tBu - (CH3),CO - CH30H), 427(60), 397(5.5, MY

Methyl ester of 3,5,6-trideoxy-3-[(1,1 -dimethylethyl)-diphenylsilyl]-S—(2-methoxy:2-
oxoethyl)-1, 2-0- (1-methylethylidene)-o-D-xylo-heptofuranuronic acid 41

-

Krapcho’s methodS for demethoxycarbonylation was used. Sodium chloride
(255 mg, 4.36 mmol) was added to a magnetically stirred mixture of triester 40 (1.49 g,
2.42 mmol) and water (122 mg, 6.78 mmol) in 30 mL of DMSO and the solution was

heated to 150°. Monitoring by TLC showed the formation of -the required product

“ (less polar). After 8 hours of heating, the reaction mixture was cooled and diluted with

300 mL of water. The product was extracted with diethyl ether (3 x 100 mL); the ether




extracts were van’hed with water (3 x 30 mL) and dried over MgSOy. After removal of

the sol\gent and purification by flash chromatography (ethyl acetate-petroleum ether:
1/5), 1.1 g of diester 41 was recovered as a colourless syrup (83% yield in two steps
from o, 3-unsaturated ester 38a). D“?’ -5.59 (¢ 4.70, CHC13) 1H NMR (’00 MHz,
CDCly) 6: 1.07(s, 91, C(CH3)3, 1.26 and 1.37(2s, 6H. Q(CH'*)’)), 2.37(d, ”H r}=6.4
Hz, CH2C02Me), 2.70(ABX system, 2H, J=3.8, 7.2 and 16 Hz, CHHRCO-Me),
2.71-3.00(m, 1H, 5-H), 3.63 and 3.63(2s, 6H, 2CO,CH,), 4.'08(dd," 1H, J=2.5 Hz and 10
Hz: 4-H), 4.23(d, 1H, J=2.5 Hz, 3-H), 4.27(d, 1H, J=3.8 Hz, 2-H), 5.72(d, 1H, J=3.8
Hz, 1-H;, 7.26-7.80(m, 10H, 2 C6H5)'. Mass speétmm (70 eV, E.1,*200%) m/ e (rel. int.
%) : 525(8.9, Mt - "OCH3), 499(100, M*- t-Bu), 441(12.2, M*+ - t-Bu: - (CH;)-,CO),
381(17.2, 441 - CH;0H ->CO), 367(123’.8, 441 - CH3CO3CHg), 3 9(18. 2, M+ -
‘CH(CH,0,Me), - (CH3)>CO), 253(13.0), 199(23.4, Ph:SiOH*).

J

5- (Carboxymethyl)-3,5,6-trideoxy-3-[(1,1-dimethylethyl)-diphenylsilyl]-1,2-O-(1--
methylethylidene)-ct-D-xylo-heptofuranuronic acid 42 ‘ .

- - . -

Diester 41 (392 mg, 0.705 mmol) dissolved in a solution of THF:MeOH:H,O

(3/2/1) was treated with lithium hydroxide monohydrate” (65 mg, 1.55 mmol) and the
reaction was magnetically stirred at room temperature for 24 hoyrs. The solution 'WZ'J.S
then acidified (until pH 2), concentrated (to ~2 mL) and extracted with ethyl acetate
(3 x 15 mL); the ethyl acetate extracts wer'e washed \;vith water (5 mL) and brine (5
mL) and dried over mhgnesh&m sulfate. Removal of the solvent in vacuo afforded 42
as a white fOé‘lm in_quantitative yield which was used without purification in the next
step. IH NMR (200 MHz, CDgl3) é: 1.05(5, 9H, C(CHj3)3), 1.05 and 1.24(2s, 6H,
C(CHj3)»), ...26 -2.80(m, 5H, 2CH,COOH and 1-H), 4.50(m, 1H, 4-H), 4.68(d, 1H,
=4.0 Hz, 2-H), 4.75(d, 1H J=3.5 Hz, 3-H), 5.91(d, 1H, J=4.0 Hz, 1-H), 7.22-7.93(m.
iOH. 2 CgHs). 10.93(bs, JI{I, 2COOH). IR (né’at): 3150-3680(0H), 1710(C=b§ em~L
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4-[6-[(1,1-Dimethylethyl)-diphenylsilylJtetrahydro-2,2-dimethylfuro([2,3-d]- 1,3-dioxol-5-

o .

ylJ-2,6-piperidinedione 43
\

Dicarboxylic acid 42 (372 mg, 0.705 mmol) and finely ground urea’! (64 mg,
1.06 mmol) were immersed in an oil bath ﬁre-heated to 165°. When, the mi;(turc had’
melted, a mag{xetic stirring bar was added, and the reaction stirred for 2 hours.
Ano£her 42 mg+«1.00 mmol) of urea was added and heating was maintained for an
extra 2 hours. After éooling the mixture to reom temperature, the product was
extracted with ethyl acetate (3 x 20 mL); the ethyl acetate extracts were washed once
with pH 4.0 buffer (6 mL) and brine (6 mL), dried over MgSOy, gnd evaporated to
give the 3-substituted glutarimide 43 in 73% yield (261 mg), after flash chromatography
(petroleum ether/ethyl acetate : 3/2). [lp2 -20.3° (c 2.10, CHCl3); IH'NMR (300
MHz, CbC13) &: 1.06(s, 91-(, C(CH3)3), 1.11 and 1.37(25, 46H, C(CH3),), 2.18, 2.46,
2.49, 2.61-2.78 and 3.00(dd + dd + d + m(5-H) + bd, 5H, J =11l6, 16.7 Hz; J=7.0,
17.1; J=17.1 Hz; J =17.1 Hz, CH,C(O)NHC(O)CH, and 5-H)), 3.78(dd, I‘H, J=24
and 8.7 Hz, 4-H), 4.19(;1, 1H, J=24 Hz: 3-§—{), 4.35(d, 1H, J=3.7 Hz, 2-H), 5.80(d, 1H, /
J=3.7 Hz, 1-H), 7.37-7.80(m, 10H, 2 C¢Hs), 7.95(bs, 1H, NH). Mass spectrum (70 eV,
EI 292°) m/e (rel. int.-%) : 452(100, M*-. t-Bu), 394(8.2, M*- - t-Bu - (CH3),CO),
352(49.4,394 - CoH,0 or NCO), 322(8.9), 274(13.7), 253(43.2), 199(329 PhySiOH™*). . '
High resolution ms (180°) calcd. for CQ4H26N)6S‘ (M - t-Bu): m/e 452.1529; found: - D
m/e 452.1489. IR (neat): 3250(b) (NH), 1710(C= O) 1262(C N stretching and N-H

bending vibrations) cm -1

3- O-t-BdtyldiphertyI.s'ilyl-1,2-0-130prapy1ideneo5, 6- O-methoxymethylidene-a-D-'

glucofuranose 44 ’ '

The general directions of Josan and Eastwood838* were used. 3-O-t-

Butyldiphenylsilyl-1,2-O-isopropylidene-a*D-glucofuranose 36 (2.29, g, 5 mmob),




&

trimethylorthoformate (2.65g, 25 mmol), and one drop of glacial acetic acid were

refluxed for 4 hoursn-undér A nitrogen atmqsphere. After evaporation of the excess
trimethylorthoformate in vacuo, the mixture of diastereomeric orthoformic esters was
ebtained as a colourless oil in quantitatiye.yield. 1H NMR (200 MHz, CDCl3) §: 1.06
and 1.07(2s, 6H, C(CHjs),), 1.10(s, 9H,'t-Bu), 1.37(s, 3H, CHj3), 3.29 and 3.30(2s, 3H,
OCHj), 4.05-4.74(m, 6H, 2-H, 3-H, 4-H, 5-H, 6a-H and 6b-H), 5.73 and 5.79(2s, 1H,

CHOCHS, ratio 1:3), 5.80(d, 1H, J=3 Hz, 1-H), 7.30-7.86(m, 10H, 2 CgHs). Mass

spectrum (70 eV, E.L, 187°%) m/e (rel. int. %):469(8.9, M*- - OCHs), 383(15.1, M*- -

HCO,Me -t-Bu), 325(19.7, 383 - (CHs),CO), 253(100), 199(33.8, PhySiOH™),

103(23.7, CH;O0CHCOCH,CHO*). ’ ‘
: 2

»

3- O-t-ButyIdiphenyLsilyl-S,6-dideoxy-1,2-O-isdpropylidene-a-D-xylo-hqx-.i-

enofuranose 45

According to the literature method of Josan and Eastwood,8# the crude

.

mixture of cyclic orthoformates 44 (2.50’ g, S mmol) and benzoic acid (15 mg) was -

heated from 155° to 175° over a period of 20 hours, during which time methanol and
carbon dioxide were evolved. The residue was dissolved in ether, s~olid potassium
carlzonate was added and after stirring for 1 hour, the suspension was filtered, and tl;e
filtrate was evaporated to dryness. The brown syrup could be used as such in the next
step without further purification. Alternatively, purification of the crude olefin by flash
chromatogrélphy (I;etroleum ether/ethyl acetate : 19/1) gave 1.56 g of product as a
clear colourless oil (73% yield frgm the diol). kx]D23 -26.99 (¢ 4.70, CHCly); 1H NMR
(300 MHz, CDCly) 4: 1.08(s, 9H, t-Bu), 1.16 and 1.43(2s, 6H, 2t-Bu), 4.25(d, 1H, J=3.5
Hz, 2-H), 4.26(d,' 1H, J=35 Hz, 3-H), 4.52(dd, 1H, J=2.4, 7.2 Hz, 4-H), 5.24(d, 1H,
J= }0.3 Hz, 6a-H), 5.36 {d, 1H, J=17.7 Hz, 6b-H), 5_.9.1-6.08(rn, 1H,
" 10H, 2 CgHs). Mass spectrum (70eV, E.L, 195%) m/e (rel. int. %) \ 367(19.7, M* - 1.

-H), 7.34-7.77(m,_._ . __
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Bu'), 309(8.7, M* - t-Bu- - (CH,),CO), 267(56.3), 253 (100), 199(24.8, };h'25i0H+).

135 (13.7), 115(25.3). High resolution ms (55°) calcd. for Cp1Hy304Si (M*: - t-Bu):

m/e 367.1365; found: m/e 367.1247. IR (neat): 3080(olc;ﬁq’i?<_:_C-H stretch) cm ™ 1 ‘
- AN \ L&

%

Dihydroxy diethyl dithioacetal 46

A solution of vinyl acetonide 45 (6.25 g, 14.7 mmol) i.n ethanethiol (12 mﬁL) wis
cooled to -15° in an ice-salt bath. To this was added anhydr_ous ZnCl, (10.0 g, 73.7
mmol). The flask was stoppered and the mixture was magnetically stirred for 15 min at
-150. The reaction was treated with 0.5 N HCI (30 mL) and then excess ethanethiol
was removed by bubbling nitrogen through the flask into a series of 3 Erlehmeyt;r
flasks filled with NaOH and potassium permanganate solution for about 1 hour.. The
solution was extracted with éthyl acetate (3 x 90 mL), washed with 0.5 N HCI (30 mL),
and wate'r (30 mL) before drying with MgSO,. Filtration followed by evaporation of
the filtrate gave the product in quantitative yield. JH\NMR (300 MHz, CDCly) &
107(s, ‘;)H, t-Bu), 1.13 and 1.19(2t, 6H, J=7.2 Hz, 2SCH,CH3), 2.02(d, 1H, J=5.4 Hz,
4-HCOH), 2.43-2.72(m, 4H, 2SCH,CH3), 2.86(d, 1H, J=5.2 Hz, 2-HCOH), 3.67(ddd,
1H, J=3.0, 5.2, 8.5 Hz, 2-H), 3.95(d, 1H, J=8.5 Hz, 1-H5, 4.19(dd, tH,1=29, 5.6 Hz, 3-
H), 4.22-4.32(m, 1H, 4-H), 6.11-6.35(m, 2H, 6a-H and 6b-H), 5.72-5.90(m, 1H, 5-H),
7.34-7.86(m, 10H, 2 CgHs). Mass spectrum (70 eV, E.L, 2159 m/e (rel. int. %) :
433(03, M*: - t-Bu), 415(3.0, M*- - t-Bu' - H,0), 371(3.6, Mf -t-Bu- EtSH),
329(23.8), 303(17.8), 285(52.6),' 267(79.8, M*- . EtSH - _CH‘*‘-- CHOH - t-Bu),
253(58.8), 199(57.1, PhySiOH ™), 135(100, (EtS)zc;}+ ) [R(neat) : 3500(051)',
3080(olefinic C-H stretch) cm ™ 1. )




Dithioacetal by-product 48

v

During the transformagion of 45 to dihydroxy diethyl di?,hioe;cctal 46, it was
found that a longer reaction time' resulted in.:'«x substantial amount of undesired by-
prioduct 48. Tt has the following spectral data: 'H'NMR (60 MHz, CDCly) &: 1.08(t,
3H, J=7 Hz, SCH,CH3), 1.12(s,,9H, t-Bu), 1.17(t, 6H, J=7 Hz, 2 SCH,CH,), 2.08-
2.87(m, 7H, OH and 3 SCH,CH3), 3.33(dd, 1H, J=4 and 9 Hz, 2-H), 3.67-4.03(m, 2H,
1-H and 3-H), 4.13-4.50(m, 1H, 4-H), 4.6\3-5.20(m, QH, 2 6-H), 5.40-6.10(m, 1H, 5-H),

)‘7.'13-7.97(m, 10H, 2 C¢Hg). Mass spectrum (70 eV, E.L, 230°) m/e (rel. int. %) :

477(8.5, M*i- t-Bu’), 473(3.3; MT - EtS), 415(39.9, M- - t-Bu- - EtSH), 368(13.5),
353(22.5, M*- - t-Bu' - 2E1tSH), 329(68.6), 135(100, (EtS),CH*).

) )
4-O-t-Butyldiphenylsilyl-5, 6-dideoxy-2,3-O-methylene-diethyl “ercaptyl-p- D-xylo-hex- -

5-enoﬁtrano;e 49 . -

»

- According to the method described by Szarek and Kim,” a mixture of dihydroxy
diethyl dithioacetal 46 (2.97 g, 6.05 mmol), tetra-n-butylammonium br(;rm'de (390 mg,
1.21 r;lmol), methylene bromide (60 g) and 50% aqueous sodiurp hydroxide (100 g) was
vigorously stirred at 60-65°. The reaction was monitored by TLC of thé organic layer.
After 45 min the starting material had disappeared. The organic layer was separated
from the 50% aqueous NaO%layer and then diluteq\ with 40 of methylene
chloride, washed with water (30 mL), brine, a'nd‘ dried over magfgSium sulfate.
Evéporation of t.he tiltrate gave an oily residue which was puﬁﬁed l}y flash
chromatography using hexane-methylene chloride (1:1) as eluant, to afford 1.65 g
(54%) of product. [a]D23 -12.89 (¢ 1.00, CHCl3); 1§ NMR (200 MHz, CDCl3) §&:
1.08(s, 9H, t-Bu), 1.21 and 1.23(t and t, 6H, J=7.4 Hz, 2S5CH,CH3), 2.63 and 2.65(g
and q, 4H,J=7.4 Hz, 2SCH,CH3), 3:83(d, 1H, J=5.1 Hz, 1-H), 4.16(dd, 1H, J=4.9, 4.9

"Hz, 3-H5, 4.30(dd, 1H, J=4.9, 5.1 Hz, 2-H), 4.32(dd, 1H, J=4.9, 7.4 Hz, 4-H), 4.86(s,

~ ) - .

k]



1H, OCH,HgO), 4.90-5.13 and 5.05(m + s(OCHAHpO), 3H, 6a-H, 6b-H and
OCH,HgO), 5.86(ddd, 1H, J=7.2, 10.4, 17 Hz, 5-H), 7.28-7.82(m, 10H, 2 CgHs).
Mass spectrum (70 eV, EI ~295°) m/e (rel. int. %) : 445(167 M*- - t-Bu-),
353(33.9, M*- - t-Bu - H2C@ EtSH), 295(14.6, H,CH=CH-CH= OSx(t*Bu)Phq)
267(14.6) 135(100, (EtS)\ZCH" .

By:product 50

A mixture of 7.22 g of dithicacetal 46, methylene bromide (147 g), 50% NaOH
(235g), tetrabutylammonium bromide and 200 mL of toluene was stirred overnight at
230, The sodium hydroxiéie layer was separated from the organic layér; the \organic

layer was diluted witf300 mL of diethyl ether and washed once with-water (120 mL),

" and dried over magnesium sulfate. After separation by flash chromatography (ethyl

acetate-petroleum ether : 3/97), 2.1 g of ditixioacetal 49 and 0.93 g of dithioacetal 50
were recovered. NMR of by-product 50 (200 MHz, CDCl3) §: 1.07(s, 9H, t-Bu), 1.24(t,
6H, J=7.5 Hz, 2 CH,CHz), 2.51-2.80(m, 4H, 2 CH,CH3), 3.88(d, 1H, J=5.8 Hz, 1-H),
4.16-4.44(m, 3H, 1-H, 2-H and 3-H), 4.94(ABq, 2H, J=5.0 Hz, OCH,0), 5.04 and
5.11(2s, 2H, OCH,0), 5.16-5.38(m, 2H, 6a-H and 6b-H), 5.70-5.94(m, 1H, 5-H), 7.24-
1.78(m, 10H, 2 CgHg). Mass spectrum (70 eV, E.L, 95%-m/e (rel. int. %) : 475(4.8,
M"’" - t-Bu), 445(1.9, M*- - t-Bu- - CH,0), 415(4.6, 445 - CHéO), 377(21.6), 353(3.6,
415 - EtSH). ,

¢
Merhyl 6R- t-butyldzp/zenyl;zlyloxy-4$ JR- dzhydroxy -4,5-O-methylene-octa-2E,7-

’

dzenoate 52

A solution of diethyl dithioacetal 49 (3.45 g, 6.87 mmol) in acetonitrile (10 mL)

was added quickly to a well-stirred solution of NCS% (2.90 g, 21.8 mmol) and silver
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nitrate (4.16 g, 24.5 mmol) in aqueous 80% acetonitrile (60 mL) at -5° (salt-ice bath).
Silver chloride separ;ted immediately as a voluminous white precipitate. The mixture
was stirred for 5-10 min and treated successively at 1-min intervals with saturated
aqueous sodiun;9 sulfite, saturated aqueous sodium carbonate, and brine (7 mL each);
1:1 hexane-methylene chloride (160 mlL) was added and the mixture filtered through
Celite. The Celite cake was washed thoroughly with 1:1 hexane-methylene chloride
(100 mL) and the organic layer \éas washed once with brine (60 mL). After drying
(MgSQy4) and removal of the solvent, some 4.39 g of material (aldehyde 51) r¢mained
contaminated with silver chloride and water. The !H NMR sp”ecirum, though
uninformative generally, showed a weak peak at $9.63. Without further purification of
this material, the crude product was-azeotroped twice with benzene (20 mL), dissolved
in 40 mL of*dry THF and added quickly to a stirring suspension™ of
tgimethyléhosphonoacetute (1.97g, 10.8 mmol) and sodium hydridé (526 mg(50% oil
dispersion), 10.8 mmol) in 120 mL of dry THF at 20° under nitrogen. The solution was
kept stirring for 30 min before addition of water (30 mL). The solution wais then
concentrated (to 30 mL) and the prqduct was extracted with ethy] acetate (3 x 60 mL),
washed'Wﬂ'\{n brine (2 x 20 mL) and dried (Mgi?‘;). The residual oil VR purified by
flash chromatography (petroleum ether (30-60°)/ethyl acetate : 9/1) to yield 1.75 g
(56% yield in two steps from diethyl dithioacetal 49) of the Q,3-unsaturated ester
existing exclusively in the trans geometry as a transparent oil. [oz]D23 +21.19 (¢ 14.9,
CHCly); IH NMR (200 MHz, CDCl3) 6: 1.08(s, 9H, t-Bu), 3.60(dd, 1H, J=6.5, 65 Hz,
5-3 3.74(s, 3H, CO,CHjy), 4.38(dd, 1H, J=5.5, 6.5 Hz, 6-H), 4.49(ddd, 1H, J=1.2, 4.7,
6.5 Hz, 4-H), 4.90(s, 2H, OCH,0), 5.11-5.30(m, 2H, 8a-H and 8b-H), 5.74-5.94(m, 1H,

7-H), 5.99(dd, 1H, J=12, 16 Hz, 3-H), 6.77(dd, 1H, J=47, 16 Hz,2-H), 7.25-7.72(m,
, ~‘m’”‘/l()l—l, 2 CgHg). Mass spectrum (70eV, E.L, 909) m/é (rel. int. %)) 395(7.1, Mt - t-
B‘f')' 365(38.7,M*- - t-Bu- - H,CO), 339(4.2), 333(7.8, M*l' - #Bu' - HzéO - MeOH),

- +
309(39.2), 295(48.9, HyC=CH-CH = OSi(t-Bu)Ph,), 199(76.7, Ph,SiOH*). IR (neat):

n
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3080(olefinic C-H stretch; terminal), 1728(C=0), 1665(terminal C=C), 1618(conj.
C=C)em~ 1. ' ’

Methyl 6R-t-butyldiphenylsilyloxy-45,5 R-dihydroxy-4,5-O-methylene- 2-

(methoxycarbonyl)-3- (2-methoxy-2-oxoethyl)-octa-7-enoate 53

Sodium methoxide (418 mg, 7.73 mmol) was added to a stirring solution of a,3-

unsaturated ester 52 (1.75 g, 3.86 mmol) and dimethyl malonate (1.02 g, 7.73 mmol) in

2 mL of dry THF under a nitrogen atmosphere. The solution was refluxed for 3.5

hours, céoled, and acidified with 1 N HCl until pH 2. ThF THF was removed and the
product extracted with ethyl‘ acetate (3 x 50 mL), washed with brine (15 mL), and dried
over magnesium sulfate. Concentration of the solvent gave the diastereonxeric mixture
of triesters as an oil in quantitative yield and was used in the next step without further
purification. 1y NMR (200 MHz, CDCl3) é: 1.06(s, 9H, t-Bu), 2.37-2.74(m, 2H,
CH,CO,Me), 3.53-3.87(m (singlets at 3.61, 3.65, 3.67 and 3.68), 11H, 2-H, 5-H and
3COCH,), 4.12-4.31(m, 2H, 4-H and 6-H), 4.57, 4.71, 4.81, and 4.85( 4s, 2H, OCH»0),
4.94-5.14(m, 2H, 8a-H and 8b-H), 5.69-5.96(m, 1H, 7-H), 7.24-7.76(m, 10H, 2 C¢Hs).
Mass spectrum (70eV, E.L, 120°) m/e (rel. int. %): 527(41.6, M* - t-Bu), 497(4.6,
527 - HyCO), 495(8.6, 527 - MeOH), 465(3.8, Mt - t-Bu: - MeOH - H,CO), 441(8.7),
395(6.2, Mt . tBu - MeO(OH)C=CHCO,Me), 367(5.2.3, Mt .
‘CH(CH,CO,Me)(CH(CO,Me),)), 365(56.3, 395 - HoCO), 363(9.5, 395 - \/IeO;U).

»

Methyl 6R-t-bulyldiphenylsilyloxy-45,5R-dilzydroxy-4,5-O-met!zylene-.?-(2-met/zoxy-2-

oxo-ethyl)-octa-7-enpate 54

' Crudeé triester 53 (2.25 g, 3.86 mmol), sodium chloride (406 mg, 6.95 mmal), and
water (195 mg, 10.8 mmol) were dissolved in 5 mL of dimethy! sulfoxide and the

) 4
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solution was heated for fours at 160-1700,67 cooled, and diluted with 60 mL of water. -

The product was extracted with ethyl acetate (3 x 50 mL); the ethyl acetate extracts
weré washed with water (2 x 15 mL), and brine (15 mL). The organic layer was further
extracted with ethyl acetate (2 x 6Q mL) and the organic layers combined and dried

over MgSO,. After purification by flash chromatography (petroleum ether (30-

600)/ethyl acetate:85/15), 1.69 g of dimethyl glutarate 54 was obtained as a clear ‘

colourless oil (83% yield in two steps from the ov,3-unsaturated ester). [oe]D23 -1.959 (¢
3.95, CHCly); 1H NMR (200 MHz, CDCl3) §: 1.06(s, 9H, C(CH3)3), 2.19-2.41(m, 4H,
2CH,CO,CH3y), 2.41-2.61(m, 1H, 3-H), 3.63 and 3.64(2s, 6H, CO,CHj3), 3.69(dd, 1H,
J=45, 4.5 Hz, 5-H), 3.98(dd, 1H, J =435, 4.5 Hz, 4-H), 4.22(dd, 1H, J=45, 4.5 Hz, 6-H),
4.62 and 4.81(2s, 2H, OCH,0), 5.00-5.16(m, 2H 8a-H and 8b-H), 5.70-5.92(m, 1H, 7-
H), 7.27-7.49(m, SH, CcHg), 7.56-7.75(1?1, SH, C¢Hs). Mass spectrum (70 eV, E.L,
1359 m/e (rel. int. %) : 469(29.0, M*- - t-Bu-), 439(7.8, 469 - H,CO), 437(5.2, 469 -
CH;0H), 407(4.6, 437 - H,CO), 383(25.6), 365(41.5, 439 - H,CC(OH)OMe). High
resolution ms (150°) calcd. for (.)25H2907$i M7 - t-Bu-): m/e 469.1682; found: m/e
469.1661. 7 '

6R-t-Butyldiphenylsilyloxy-3-(carboxymethyl)-4S,5 R-dihydroxy-4,5- O-methylene-octa-

_ 7-enoic acid 58

A solution of diester 53 (526 mg, 1 mmol) in a mixture of reagent grade
methanol (15 mL) and water (15 ml) was treated wi’th lithium hydroxide
monollydrare76 (420 mg, 10 mmol) fo'r,20 hours at 200 The solution was acidified
with 1 N&HCI until pH 2 and methanol was.removed in vacuo. The product was
extracted with ethyl acetate (3 x 15 mL), washed o'nce wiih brine (15 erL), and dried
over magnesium sulfate. Evaporation of the solv;nt yielded 506 mg of dicarboxylic

acid 55 as a viscous oil which could be used without prior purification in the next step.

“~
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IH NMR (200 MHz, CDCl3) & 1.09(s, 9H, t-Bu), 2.06-2.74(m, 5H, 3-H and
2CH,COOH), 3.67(dd, 1H, J=48, 48 Hz, 5-H), 386(dd, 1H, J=438, 4.8 Hz, 4-H),
4.32(dd, 1H, J=4.8, 5.5 Hz, 6-H), 4.74(s, 1H, OCH,HR0), 4.88(s, 1H, OCH 4 HRO),

5.08-5.27(m, 2H, 8a-H and 8b-H), 5.72-6.00(m, 1H, 7-H), 7.28-7.82(m, 6H, 2 C¢Hs).

Mass spectrum (70 eV, E.L, 290°) m/e (rel. int. %) : 441(1.8, M*- -' t-Bu), _393(25,0

M*- - t-Bu - HZO H,CO), 351(22.2, M¥" - t-Bu - CoH4CO; - HZO) 295(76.4,

H,C=CH-CH= OSi(t-Bu)th) 199(100, Ph,SiOH ™). '

Glutarimide derivative 56 ¢

The general procedure descr\bed by Crockett et al. " for the preparation of
aliphatic imides was used Dxcarboxyhc acid 55 (4\98 mg, 1 mmol) and finely ground
urea (180 mg, 3 mmrgl) were mixed well in a 10 mL round-bottom ﬂask. A magnetic
spm bar was added and the ﬂask was immersed in an oxl bath preheated to 155-160°.
The melted mixture was stirred for 2,hours, cooled and the imide purified by flash
chromatography using ethyl acetate-petroleum ether (1:1) as eluant. 326 mg (68%) of
crystalline glutarimide 56 was obtained, m.p. 51-56%. 'H NMR (200 NIz, CDCl3) §:

-1.08(s, 9H, C(CHj3)3), 2.04-2.22(m, 1H, CH(CH,C(O));NH), 222-2.67(m, 4H,
CHyC(O)NHC(O)CH,), 3.58(dd, 1H, J=5.5, 5.5 Hz, 5-H), 3.83(dd, 1H, J=3.7, 5.5 Hz,
4-H), 4.38(ddd, 1H, J=15, 4.0, 55 Hz, CH(OSiPhyt-Bu), 4.69 and 4.86(2s, 2H,
déHZO), 5.14-5.36(m, 2H, CH = CH,), 5.68-6.00(m, 1H, CH=CH>), 7.25-7.81(m, 10H,
2 CgHg), 7.94(bs, 1H, NH). Mass spectrum (70 e\'/, E.L, 266°) m/e (rel. int. %) :
422(692, M*- - tBu and/or M* - H5CO - CyH3), 410(100), 3342, M*-
‘CH,CONH, - CO), 392(82, 422 - HyCO), 391(4.2, M+ - ‘CH,CONHj, - H,CO),
0337(8..2, M‘+- - t-Bu' - CO - @JNH)’ 336(36.9), 295(30.1, H2C=CH;CH=6-Si(t-
Bg)th), 199(29.7, PhZSiOH+). High resolutior molecular 'weight determination,




caled. for- OZ4H28C54SiN (M - HyCO - CyHj3): 422.1787; found: 422.1821. IR (ﬁeat):
. 3250(NH), 3080(C-H of olefin), 1735 and 1710(C=0) cm™ L

<

Glutarimide alcohol 57

s

Tetra-n-butylammonium fluoride (iOl mg, 0388 mmol) was added to
glutarimide 56 in 2 mL of dry THF at room temperature under a nitrogen atm;)spﬁere.
After 2 h, the solvent was removed in vacuo, and aftgr purification by flash -
«hromatography (using ethyl acetate as eluant), 57 mg of alcohol 57 .was obtained.
NMR (200 MHz, CDCl3) é: 2.22-2.42(m, 1H, CH(CH,CO),NH)), 2.42-2.90(m, 5H,
CH(CH,CO),;NH and OH), 3.79(dd, 1H, J=5.5 and 5.5 Hz, 4-H), 3.86(dd, 1H, J=5.5
and 5.5 Hz, S-H), 4.05-4.31(m, 1M} CHOH), 4.98 and 5.02(2s, 2H, OCH»0), 5.27-
5.52(m, 2H, CH=CHj), 5.84(ddd, 1H, J=5.5 ,12 and 17 Hz, CH =CH2)\, 8.48(bs, 1H,
NH). Mass spectrum (isobutane C.1.) m/e (rel int. %): 242(50.7, MH), 224(18.6,
MH?* . H50), 194(100, MHT . H,0 - CHy)0). |

3-O-Benzyl- 1,2:5,6-di-O-isopropylidene-oeD-glucofuranose 58%

To a solution of diacetone glucose (39 g, 150 mmol) in 250 mL of dry.
tetrahydrofuran (00, N5) were added sodium hydride (7.3 g (50 % oil dispersion), 152
mmol), tétrabutylammonium iodide (540 mg, 1.5 mmol), and benzyl bromide (25.8 g;
151 mmol). The mixture was stirred magnetically at 23 for 2 h. Florisil (10 g, Fisher
grade, 60/100 mesh) was then added and the tetrahydrofuran was rerl;oved' in vacuo.
The solution was filtered through a sintered glass funnel and the Florisil rinsed with
pentane. Removal of the solvent yielded benzyl ether 58 quantitatively, which was
used withogt purification in the‘ next step. 1y NMR (200 MHz, CDQI3) o: 1.30, 1.37,

142 and 1.49(4s, 12 H, C(CHj3),), 4.00 - 4.29 and 4.37 - 4.50(2m, 5H, 3-H, 4-H, 5-H,
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6a-H and 6b-H), 4.58(d, 1H, J =34 Hz, 2-H), 4.65(s, 2H,CH,CgHs), 5.89(d, 1H, J=3.4
Hz, 1-H), 7.33(bs, SH, CgHs). z "

3-0-Benzyl-1,2-O-isopropylidene-o-D-glucofuranose 59190

3-0-Benzyl-1,2:5,6-di-O-isopropylidene-c« D-glucofuranose 58 (35 g, 100 mmol)

was selectively hydrolyzed by the addition of a solu;ion of 96 mL of acetic acid and 64
mL of water, followed by stirring at 40° for 16 h. The acetic acid was carefully
neutralized by the slow addition of 10 g of solid potassium and then with sdturated
potassium 'carbonate solution ’ (untit pH=S5). The product was extracted with
methylene chloride (3 x 100 mL); the combined methylene chloride extracts were
" washed with 10% sodium chloride ztnd dried with anhydrous magnesium sulfate.
Concentration of the methylene chloride solution under diminisheﬁ pressure gave 29.6
g of syrup (95%). 1H NMR (200 MHz, CDCl3) 6: 1.32 and 1.48(2s, 6H, C(CH3),),
2.12 and 2.54(2bs, 2H, 20H, D50 exch.), 3.59-3.93(m, 2H, 6a-H and 6b\-H'), 3.95-4.25 -
and 4.10(m+s, 3H, 3-H andﬂ 5-H), 4.627(d, 1H, J =3.8 H.z, 2-H), 4.632(ABq, 2H, J
* =11.7Hz, PhCH,), 5.93(d, 1H, J =38 Hz, 1-H), 7.34(s, SH, C(Hs).

&

<

Compounds 60 and 61 were prepared by methods described in references 100 ancUOI.
" 3-0-Benzyl-1,2-O-isopropylidene-5,6-O-methoxymethylidene-c- D-glucofuranose 60

3-0-Benzy1-1,2-0-isOp;opylidéneao-’glucofuranose 59 (31 g 10 mmal),

trimethyl orthoformate (2.33 g, 22 mmol), and 0.2 mL of acetic acid were mqgnct}cu]_ly

stirredﬁand heated for 45 min. at the reflux tcmpcrz{turc. . Excess reagents were then

9 removed b)-' evaporation under diminished pressure followed by evaporating three 15
mL portions of toluene from the product. The resultant mixture of diastereomeric

* 2
orthoformtic esters 60 were used in the next step without further purification. IH NMR

'3
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(200 MHz, CDCly) §: 130 and 148(2s, 6H, C(CH3),), 3.33(s, 3H, OCHy), 4.00-
470(m, 8H, 2-H, 3-H, 4-H, 5-H, 6a-H, 6b-H and CH,Ph), 5.74 and 5.76(2s, 1H.
MeOCH), 5.89 and 5.90(2d, 1H, J=3.4 Hz, 1-H), 7.33(s, 5H, CgHs).

-
s

" 3-0-Benzyl-5, 6-didéoxy-1,2-O-isoprOpylidene-a-D-xylo-lzex-5-enoj_°uranose 61

Tripheﬁylacetic acid (867 mg, 3 mmol) was added to the syrupy mixture of ortho
esters 60 (21.1 g, 60 mmol) and the round bottom flask fitted with a con&enser ina
distillation setup. The mixture was stirred and heatéd for 6 h at 1700, 'during which
methanol distilled from the mixture. The resultant p:oduct was dissolved in 2Q0 mL of
ether, solid sodium bicarbonate was added, and the mixture was kept overnight. The
mixture was filtered, and th; filtr‘ate was washed twice€ with saturated aqueous sodium
bicarbonate, dried with anhydrous maghesium sulfaté, and é’vaporated. The product
was distilled at 0.2mmHg and the pure alkene 61 was collected over the range 140-
1659; yield 14.9 g(90% as a colourless oil). IH NMR (:200 MHz, CDClg) §: 1.32. and
1.50(2s, 6H, C(CHz),)} 3.§8(d, 1H, J=32 Hz, 3-H), 4.48-4.74(m + ABq(CH,Ph
centered at 4.59), 4H, J=12.4 Hz, 2-H, 4-H and CH,Ph), 5.23-5.50(m, 2H, 6a-H and
6b-H), 5.89-6.13(m + d(1-H centered at 5.96), 2H, J=3.8 Hz, 5-H and 1-H), 731(s, SH,
CgHs). |

4

!

Dilydroxy diethyl dithioacetal 62

A solution of 3-O-Benzyl-5,6-dideoxy-1,2-O-isopropyl-idene-0-D-xylo-hex-5-
enofuranose 61 (16.9 g, 61 mmol) in ethane;thiol (45 mL)was cooled to 0° in an ice
bath. To this was added anhydrous ZnCl; (33.3 g,* 244 mmol). The flask was
stoppered and allowed to stand for 15 min at O°.. The reaction was treated with 1 N

HCI (100 mL) and then excess ethanethiol was removed by bubbling nitrogen through

_u
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the flask into a series of 3 Erlenrr;eyer ﬂasics filled with NaOH ‘and potassiun;
permanganaté solution for about 1.5 h. The solution was extracted with ethyl aceta;e (2
x 250 mL), washed with 1 N HCI (2 x 200 mL), water (200 mL), sz{mratcd sodium
o bicarbonate (250 mL), and brine (299 mL) before drying with MgSOy4. Filtration
followed by evaporation of the filtrate .gave the product as "a yellowish oil in
quantitati've yield. Iy NMR (200 MHz, CDCl3) §: 1.24 and 1.26(2t, 6H, J=7.2 Hz,
ZSCHZCH3) 2.52(d, 1H, J=4.6 Hz, OH), 2.55-2.76(m, 4H, 2SCH,CH3), 3.13(d, 1H,
. . —49HZ,OH) 3.76(ddd, 1H, I= 2.7 4.7, 7.6 Hz, 2-H), 391(dd 1H, J=2.7, 53 Hz, 3-
| H), 400(d 1H, J=7.6 Hz, 1-H), 4.34-4.483(m, 1H, 4-H), 481(ABq, 2H, 3=11.2 Hz,
- CHyPh), 5.20 - 5.50(m, 2H, 6a-H and 6b-H), 5.87 - 6.08(m, 1H, 5-H), 6.29 - 6.46(m, SH,
CgHs). Mass spectrum (NH3 CI, ~200°) x;l/e (rel. int.) : 281(814,MH™ - EtSIi),
263(14.1, MHT - EtSH - HéO), 236(100, M + NH4* -r2EtSH), 195(27.0), 175(94.0).
High resolution ms (NHy CL11d°) caled. for C17H3003NS, (M + NH4*t) : m/e
360.1677; found : m/e 360.1669. ) . .,, :

. J
Methylenation®> of dihydroxy diethyl dithioacetal 62 to methylene acetal diethyl

dithioacetal = 63: preparation of 3-0-benzyl-5,6-dideoxy-2,4-O~méthylene-diethyl
mekcaptyl-ot-D-xylo-hex-5-enofuranose 63

A mixture of dihydroxy diethyl dithicacetal 62 (1.71g, 5 mmol), tetra-n-
butylammonium bromide (160 mg, 0.5 mmol), methylene bromide (50 g), and 50° %
saqueous sodium hydroxide (86 g) was stirred vigorously at 60-65°. After 30 min, the

organic phase was separated, diluted with methylene: chloride (30 mlL), washed with

water (25 mL), dried over MgSQy, and the solvent removed under reduced pressure.
The residue was purified by flash chromatography (petroleum ether/ethyl acetate :
} 9/1) to yield 12 g (69%) of 63 as a yellowish amorphous solid. [a]p23 -17.20 (¢ 1.00,
CHCly); 1H NMR (200 MHz, CDCl3) §: 1.22 and 1.23(2t, 6H, J=7.5 Hz, 2SCH,CH4),
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2.50-2.83(m, 4H, 2SCH,CH), 3.59(dd, 1H, J=14, 103 Hz, 2.H), 3.90(s, 1H, 3-H),
412(¢, 1H, J=55 Hz, 4H), 4.17(d, 1H, J=103 Hz, 1-H), 476(ABq)\2H, =112 Hz,
CH,Ph), 4.79(d, 1H, J=6.4 Hz, OCHAHgO), 5.19 - 5.45(m, 2H, 6a-H and 6b-H),
5.28(d,1H, J=6.4 Hz, OCH 5 HO), 5.87 - 6.11(m, 1H, 5-H), 7.26 - 7.46(m, SH, CgHs).
Mass spectrum (70 eV, E.L, ~2509) m/e (rel. int. %) : 354(8.2, M*+), 325(2.7, M*- -
H- - CO), 293(9.3, M*- - EtS), 267(319, M*" - 2H- - CH,=CHCH=0-CH=0),
207(315, M+ - HyC=CHCHO - H,CO - Eis?), 177(7.0), 135(100, (EtS),CH*):
Mass spectrum (NHj CI, 163%) m/e (rel. int. %) : 372(09, (M + NH,)*), 355(0.5,
MH *), 293(100, MH* - CgHsCH,OH), 263(3.6, 293 - H,CO), 147(31.4).

-
1

. Pre'paration of 35-0-Benzyl-2R,4R-dihydroxy-2,4-O-methylene-5-hexenal 64

.

‘Tapdiethyl dithioacetal 63 (7.08 g, 20 mmol) in acc;.tone:water (90 mL: 10 mL)

were acgd, mercuric oxide (10.8 g, 50 mmol) and mercuric chl;m'de (10.9 g, 40 mmol);
thé heterogeneous mixture was stirred at room temperature for .3 hours-and then
filtered through a bed of Celite. The solution was evaporated to near dryness and
taken up in chloroform; the precipitated chloride was filtered a second time through
Celite. The product was extracted with chloroform (2 x 100 mL), washed Witil 5%

potassium iodide solution (3 x 30 mL) and brine,and dried (MgSO}). Evaporation of

.the solvent and purification of the product by flash chromatography using ethyl

acetate/petroleum ether (2/3) as eluant gave al&ehyﬂe 64 as a white solid (3.69 g,
74%5. M.p. 75-789. 1H NMR (200 MHz, CDClj) 6: 4.83(s, 1H, 3-H), 4.11(d, 1H,
J=2.5 Hz, 2-H), 4.16(d, 1H, J=7.3 Hz, 4-H), 4.53(ABq, 2H, J=11.3 Hz, CH,Ph),
4.87(d, 1H, J=6.4 Hz, OCH 4 HgO), 5.21 and 5.34(m + d, 3H, J=6.4 Hz, 6a-H, 6b-H
and OCH, Ag0), 5.84-6.08(m, 1H, 5-H), 7.14-7.42(m, SH, C¢Hs), 9.60(s, 1H, 1-H).



Methyl 5S-O-Benzyl-4S,6R-dihydroxy-4,6-O-methylene-octa-2E (~ 20% :22 ), 7

v

dienoate 65 ~ . . .

A sodium hydride dispersiqn (854 m/g(SO% oil disp.), 17.8 mmol) was add.ed to
trimethyl phosphonoacetate (3.25 g, 17.8 mmol) in 125 thL of dry tetrahydrofuran
under a nitrogen atmosphere. Immediately, h'ydrogen evolution was observed and
after stirring for 30 min at room temperature, the solution became a heterogeneous
mixture. To this mixture was added aldehyde 64 (3.69 g, 14.9 mmol) in 50 mL of
tetrahydrofuran via a drop funnel, and the reaction mixture grziduully became
homogeneous. After further stirring for an additional 1.5 h, water (30 mL) was added
to quench tjle reaction. The bulk of the tetrahydrofuran was removed in vacuo, and
the produ& was extracted with ethy£ acetate (3 x 100 mL); the ethyl acetate extracts
were washed with water (2 x 30 mL) and brine (30 mL) and dried over MgSOy.
Evaporation of the solvent followed by flash chromatography (ethyl acetate/petroleum
ether : 1/4) gave .88 g of the cis-ester, (which crystallized slowly over a period of
several weeks) and 3.31 g of the trans-ester, m.p. 91-92° (white crystals from methylene
chloride/petroleum ether). The total yield of the mixed fractions was 93%. 'H NMR
of the trans-ester (200 MHz, CDCl3) §: 3.43(s, 1H, S-H), 3.74(s, 3H, CO,CH3),
4%17(dd, 1H, J=13, 5.6 Hz, 6-H), 4.32(m, 1H, 4-H), 4.53(ABq, 2H, J =‘1-1.3 Hz,

. CH,Ph), 484(d, 1H, J=6.4 Hz, OCH,HRO), 5.19-5.50(m, 2H, 8a-H and 8b-H),

5.25(d, 1H, J=6.4 Hz, OCH AfRO), 5.83-6.05(m, 1H, 7-H), 6.14(dd, 1H, J=4.4,,16.0
Hz, CHCO,Me), '6.79(dd, 1H, J=4.4, 160 Hz, 3-H), 7.26(s, SH, CgHs). Mass
spect;um of the trans-ester (NH; CI, 1859 m/e (rel. int. %) : 322(100, (M + NHy )+,
108(32.2, C6H5CH20H+) High resolution ms (NH;3 CI, 1659) calcd. for C17H‘>105
(MHY) : m/e 305.1389; found: m/e 305.1389. !H NMR of,the cis-ester (200 MHz,
CDCl3) é: 3.69(s, 3H, COZCH:;) 3.75(s, 1H, 5-H), 425(dd 1H, J 1.4, 6.1 Hz, 6-H),
4.50(ABq, 2H, J=11.7 Hz, CH,Ph), 4.86(d, 1H, J=6.4 Hz, OCHAHBO_), 5.14-5.53(m,
3H, 2-H, 8a-H and 8b-H), 5.20(d, 1H, J=6.4 Hz, OCH,HRO), 5.66(dd, 1H, J=1.9,
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11.7 Hz, 2-H), 5.85-6.06(m, 1H, 7-H), 6.31(dd, 1H, J=6.6, 11.7 Hz, 3-H), 7.25(s, SH,

CgHs). Mass spectrum of the cis-ester (NH3 CI, 1759) Grn/e,(rel. int. %) : 322(100, (M

+ NH4+)), 305(49.3, MH™), 197(15.9, MH* - CgH5CH,OH), 157(25.9, MH* -
CgH5CH,OH - 'C3Hy), 108(48.8, C6H5CH20H+_). High resolution ms (NH3 CI,
959) caled for C17H40sN (M +_NH4+5: m/e 322.1654; found: m/e 322.1658.

- ¢ <
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Methyl 58-0-Benzyl-4S,6R-dihydroxy- 4, 6-O-methylene-2-(methoxycarbonyl)-3-(2-

methoxy-2-oxoethyl)-octa-7-enoate 66

552 mg of sodium was dissolved in 20 mL of dry methanol in a 100 mL round-
bottom flask. I_Dimethyl malonate (3.17 g 24 mmol) was added and the reaction
mixture was refluxed for 30 min. Removal of the methanol upd;r reduced pressure
gave the sodium salt of dim'ethyl mal‘onate‘ as a white powder. The sodium salt was
resuspended in 50 mL of dfy tetrahydrofuran. T.(; this cloudy white suspension was’
added 6.98 g (20 mmol) of trans-ester 65 unzier a nitrogen ‘atmosphers; the golution

became clear over a period,of 20 hours and a TLC showed only one spot having a

lower R¢ value. The reaction mixture was neutralized with 1 N HCl (until pH~2) and

the bulk of tetrahydrofuran removed in vacuo. The product was extracted with ethyl
acetate (3 x 150 mL), the ethyl acetate extracts were washed once with brine %50 mL)
and dried with magnesium sulfate. Evaporation of the solvent followed by flash
chromatog;apgly (ethyl acetate/petroleum ether: 1/3), gave 7.15 g of triester 66 as an
amorphous solid (82%). A parallel reaction involving the dimethyl malonate addition
to the cis-ester also gave triest;:r 66. 1H NMR (200 Mhz, CDCIS)v §: 2.41(dd, 1H,
J=5.1, 16.9 Hz, CH HRCOyMe), 2.54(dd, 1H, J=6.3, 16.9 Hz, CH,HgCO,Me),
3.13(m, “1H. 3H) 3.51(bs, 1H, 5-H), 3.60(s, 3H, CH ,HgCO,CH3), 3.68 and 3.69(Zs,
6H, CH(CO,CH3),), 3.92(dd, 1H, J=13, 89 Hz 4-H)_, 3.98(d, 1H, J=45 Hz,

CH(CO,CHg)y), 4.16 (ddy 1H, J=13, 5.7 Hz, 6-H), 4.55(A137, 2H, J=111 Hg,

2

(
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CH,Ph), 472 4nd 5.14(2d, 2H, J =64 Hz, OCH,0), 5.22-5.56(m, 2H, 8a-H and 8b-H), ’
5.93-6.16(m, ll-i, 7-H), 7.22-7.44 (n;, SH, CgHg). Mass spectrum?isobutane CI) m/e
(relative inténsity %) : 437(45.2, MH*), 405(82.8, MH™* - CH30\§), 329(100, MH * -
C¢HsCH,OH), 313(43.7, MH™ - 3CH30H - CO), 299(40.1, MH* - CgHsOH -
CH,0), 289(45.0, MH* - 2CH30H - 3COp).

Methyl 3S-O-Bénzyl-4S,6R-dilzydroxy-4,6-0—methylene-3-(2-methoxy—2-oxoethyl)-octa-

7-enoate 67

|

Krapcho’s®” method for decarbomethoxylation was used. A mixture of triester
66 (7.15 g, 16.4 mmol), sodium chloride (1.73 g, 29.5 mmol) and water (830 mg, 45.9
mmol) in 8 mL of dimethyl sulfo;dde was heated for 4 hours at 160-170°. The react’ion
mixture was cooled and diluted with 150 mL of water. The product was extracted with
diethyl ;ther (3 x 100 mL); the ether extracts were washed with water (3 x 30 mL) and
dried over magnesium sulfate. Evaporation of the solvent and purification by flash
chromatography using ethyl acetate-petroleum ether (1/3) as eluant gave 5.04 g
(81.3%) of diester 67, m.p. 73-75° (ethyl acetate-petroleum ether). [ot]D23 +20.5." (c
1.00, CHCly); lgy NMR (200 MHz, CDCl3) 6: 2.22-2.83(m, SH, 3-H and
2CH,CO,Me), 3.50(s, 1H, 5-H) 3.62(s, 3H, CO,CHjy), 3.71(dd, 1ﬁ, J=1.5, 7.8 Hz, 4-
H), 4.16(dd, IH, J=1.2, 5.7 Hz, 6-H), 4.68(ABq, 2H, J=113 Hz, CH,Ph), 4.76 and
5.19(2d, 2H, J=6.0 Hz, OCH,O), 5.24-5.55(m, 2H, 8a-H and 8b-H), 5.95-6.15(m, 1H,
7-H), 7.20-7.39(m, SH, CgHs). Mass spectrum (isobutane CI 135°) m/e (relative
integsity) : 379(56.4, MH™), 347(100, MH™* - MeOH), 317(52.6, MH* - MecOH -
H,CO), 299(49.9, M + CZH5+ - CgHsCH,0H), 271(73.9, MHY - CgHgCH,OH).

High resolution ms (NH3 CI) calcd. for CogHy707 (MH*) : m/e 379.1756; found : \

m/e 379.1753. IR (CHCl3): 3010(C-H aromatic), 1730(C=0) cm ™~ 1

L )
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( 58-0-Benzyl-3-(carboxymethyl)-4S, 6R-dihydroxy-4,6- O-methylene-octa-7-enoic acid 68

A solution of 1.46 g og 3-substituted dimethyl ghitar.ate 67 (3.85 mmol) in a
rmuxture of 18.8 mL of methanol and 6.2' mL of water was magnetically stirred at room
temperature, in the presenée of 1.62 g of lithium hydroxide monohydrate” (1.62 g, 38.5
mmol) for 6 hours. The solution was then acidified with 1 N HCI until preanhe
methanol was removed in vacuo, the product extracted with diethyl ether and dried
ovgr MgSOy. Evaporation of the solvent afforded dicarboxylic acid 67 in quantitative
yield, m.p. 123-1240, 1H NMR (200 MHz, CDCly) &: 2.12-3.00 and 2.76(m + bs(1-H),

© 5H, 2CH-COOH and 3-H), 3.49(s, 1H, 5-H), 3.62(d, 1H, J=7.2 Hz, 4-H), 4.17(d, 1H,
) J=7.0 Hz, 6-H), 4.69(ABg, 2H, J=11.3 Hz, CH,Ph), 4.84 and 5.22(2d, ZH, J=6.0 Hz,
OCH,0). 5.23-5.58(m, 2i-l, 8a-H and 8b-H), 5.91-6.17(m, 1H, 7-H), 7.13-7.45(m, 5H,
CgHs), 10.45(bs, 2H, 2COOH). .

4-15'S-0-Benzyl-6'R-vinyl-1',3 -dioxan-4'S-yl]-2, 6-piperidinedione 69

According to the genera! procedure deseribkd by Crockett et al.’! for the
preparation of aliphatic imides, dicarboxylic acid 68 (1.35 g, 3.86 mmol) and finely
ground urea (463 mg, 7.71 mmol) were well-mixed and heatéd at 175°. When the
muxture had melted, a magnetic spin bar wa€ added and it was stirred for an extra 2

. hours After rcoohng, a solid black residue remained. Purification by flash
chromatography (ethvl acetate-petroleum ether: 3/1) gave 1.13 g of 3-substituted

glutarimide 69 (899¢), m.p. 141-1420 (from hot benzene). [a]D23 +77.89 (c 2.35,*

CHCl3): 1H NMR (200 MHz, CDCl3) 0: 1.94-2.26, 2.32-2.59 and 2.74-2.96(3m, 5H, 3- .

H, 4-H and 5-H). 3.33(dd, 1H, J=1.2, 7.3 Hz, 4-H). 3.40(bs, 1H, 5-H), 21.15(dd, 1H,
( .J=1.3 and 6.2 Hz, 6-H), 4.67(ABq, 2H, J=12.0 Hz. CH,Ph), 4.77 and 522(2d, 2H,
- J=6.4 Hz, 2'-H), 5.30-5.62(m, 2H, CH=CH>), 5.98-6.19(m, 1H, CH=CH,), 7.33(s, SH,
. CgHs), 7.77(bs, 1H, NH). Mass spectrum (NH7 CI, 2369 m/e (rel. int. %) : 349(100,




-

(M + NHq ™)), 332(80.2, MH™). High resolution ms (NH; Cl, 35°) caled for

- CygHa 05N (MHT) : m/e 332.1498; found: m/e 332.1499.

~ -
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CHAPTER 3 - EXPERIMENTAL

\
3-[5R-[(15-t-Butyldiphenylsilyloxy)formylmethyl] - 1, 3-dioxolan-4S-yl ]glutarimide‘SGa
Ozone- was bubbled through a solution of 1,3-dioxolane defivative 56\\( 105 mg,
0.219 mmol) in ethyl acetate (15 mL) at -789. Excess ozone was flushed out with
nitrogen, 1 mL of methyl sulfide was added, and the reaction was stirred for 16 h at

room temperature. After removing°the ethyl acetate under reduced pressure and

purificatiop by flash chromatography (ethyl acetate /petroleum ether-1:1), 79 mg (75%)

of aldehyqe 56a was recoveredsas a white foam. lH Ni\J/IR (200 MHz, CDCl5) 6:

L12(s, 9H, t-Bu), 2.02-2.10(m, 1H, CH(CH,C(O)),NH), 2.10-2.73(m, 4H,

CH(CH,C(O)),NH),. 3.82(dd, 1H, J=4.5 and 4.5 Hzc 4-H), 3.95(dd, 1H, J=45 and 5

Hz, 5-H), 4.10(dd, 1H, J=1.5 and 5 Hz, CHOSiPhyt-Bu), 4.88 and 4.94(2Zs, 2H,

OCH pHRO), 7.30-7.76(m, 10H, 2 CgHs), 8.25(bs, 1H, NH), 9.70(d; 1H, J=1.5 Hg,
- »

CHO). The assignments were made with the help of decoupling experiments.

(2-((Trimethylsiloxy)methyl)-3-allyl)trimethylisilane 72102103

A SQO-mL three:necked flask equipped with mechanical stirring, nitrogen inlet,
and septum was charged with n-butyllithium (1.6 M in hexane, 154 nil,, 246 mmol).
The bulk of the hexane was removed by using an aspigator at 15-20 mmHg and with
gentle warming at a-temperature no higher than 452, Anhydrous ether (135 mL) and
N.N.N',N’-t:tramethyletj'xylenediarm'ne (40 mL, 26!} mmol) were added at 00. 2-

Methyl-2-propen-1-0l 70 (87 g, 121 mmol) was added dropwise over 15 min. THF was
£ ‘Y , M

Q
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then introdﬁced, and the reaction turned from cloudy to clear yellowish orange. The
reaction was allowed to warm up to room temperature over 5-7 h and then was stirred
for an additional 13 h. The reaction was quenched with chlofotrimethylsilane (65 mL,
512 mmol) at 0°. The dark reaction mixture was allowed to stir for 10 min before
being diluted with 1 L of ether. The mixture was washed with saturated sodium
bicarbonate (250 mL), water (250 mL): saturated CuSOy (2 x 250 mL), water (100
mL), and brine (200 mL) and dried over anhydrous potassium carbonate. _The solvent
was removed in vacuo carefully, and the orange residue was then distilled via a Vigreux
column to give 11.5g (44%) of the title compolmd as a colourless o1l (99-1029 (15

mmHg)). 'H NMR (60 MHz, CDCl3) §: .02(s, 9H, CH,$i(CHz)3), 0.10(s, 9t

. OSi(CH3)3). 1.43(bs, 2H, CH,Si(CHy)3), 387(bs, 2H, CH,0Si(CHy)s, 453 and

4.83(2m, 2H, C=CH,). These assignments correspond closely to the data reported n

Lhc?literature.

[2-(Hydroxymethyl)-3-allyl Jtrimethylsilane 73105103

0

P

To a solution of 72 (5.4 g, 25 mmol) in 60 mL of THF was added 12 mL of 1 N
H,S04. The mixture was stirred vigorously for approximately 30 min at room
temperatife. Anhydrous potassium carbonate was added carefully until bubbling
subsided. The reaction was diluted with 200 mL of ether, washed with saturated
sodium bicarbonate (40 mL) and brine (40 mL), and dried over magnesium sulfate.
Thé solvent was removed by rotary evapora;ion to yield 3.6 g (100%) of crude
*colourless alcotol, which was carried on to the next step without further puriﬁcati()n‘.
1H NMR (60 MHz, CDCl3) 6: 0.00‘(s, 9H, Si(CHj)), 1.53(s, 3H, CH5Si(CH3)3),
1.79(bs, 1H, OH), 3.91(bs, 2H, CH,OH), 4.60 and 4.80(2m, 2H, C=CH,). These IH

NMR assignments were similar to the ones reported in the literature.

: -




[2-((t-Buryldimethylsilyloxy )methyl)-3-allyl [ trimethylsilgne 74 -,

To alcohol 73 (6070 mg, 4.17 mmol) in dry DMF (6 mL) under N, were added t-
i .
butyldimethylsilyl chloride1%6 (942 mg, 6.25 mmol) and imidazole (624 mg, 9.2 mmol);

the reaction mixture was then stirred at 50-55° for 21 h.. 'Water (100 mL) was added

and the product was extracted w1th ether (3 x 30 mL) and dried over magnesium
sulfate. Evaporation of the solvent and purification by flash chromatography gave 566
mg (53%) of silylated alcohol 74. IH NMR (60 MHz, CDCl3) §: 0.010(s, SH,
Si(CH3)3), 0.14(s, 6H, Si(CHz),), 1.00(s, 9H, C(CHj3)3), 1.55(bs, ZH, CH,Si(CH3)3),
4.02(m, 2H, CH,OSi), 4.67 and 4.97(2m,.2H, C=CH§). High resolution molecular
weight determination (1509), calcd. for C13H3OOSi2 (M): m/e 258.1879; found: m/e

'258.1857. : ‘ . \\"

Etg.?- (Trimethylsilyl)propionatel%3

4

A dry 2-L three-necked flask equipped with a 250 mL a&dition funnel, nitrogen
inlet, thermometer, and mechanical stirrer was charged w1th lithium (ca. 8.0 g, 1153
mmol, in"the form.of small pieces of ribbon). THF (550 mkL) was ado\ed, and the
reaction was rigorously stirred for 1 h under nitrogen. Chlorotrim’ethylsilane (140 mL,
1109 mmol) was then adcied dropwise at ice-batitemperature. The- mixture was
stirred for 45 min. A solution of ethyl acrylate (42 g, 420 mrnc)l) in 50 mL of THF was
then added over 5 h, \,vi,th the temperature of the reaction maintained between 4 and
80. The cloudy mixture was warmed to room temperature and stirred for an add_i.tional
40 h. The reaction was allowed to settle: and the supernatant liquid was cannulated
into a 1-L flask. The solid residue (lithium chloride and unreacted libhiﬁm) was rinsed
with ether. The combined organic solution was concentrated in vacuo. Dilute
hydrochloric acid (3%, 300 IIIL) was added and the mixture stirred vigorously for 45

min. Ether (200 mL) was then added, and the aqueous layer was extracted with ether

N
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:
(100 mi). The combined organic layers were dried over magnesium sulfate. The

solvent was removed in vacuo and the resigue distilled via a Vigreux column to give 41
g of a light yellow liquid (bp 89-10 5 mmHg)). !H NMR (60 MHz, CDCl3) §:
0.00(s, 9H, Si(CHg3)3), 0.50-0.93(m, 2H, CHZCH2$1'(€"H3)3), 1.17(t, 3H, J=7.0 Hz,
OCH,CH3), 2.00-2.43(m, 2H, CH,CH,Si(CH3)3), 3.98(q, 2H, J=7.0 Hz, OCH,CH3).

- Ethyl 2-[(Trimethylsilyl) methyl]-3-hydroxybutanoate 715104

r A dry 250-mL flask cooled under a stream of nitrogen was charge(f with 9.27 mL

(66.1 mmol) of diisopropylamine (distilled from CaH») and 75 mL of dry THF. After

the mixture was cooled to =789, n-BuLi (39.0 mL, 63 mm&)l, 1.6M in hexane) was added
dropwise. After the mixture was stirred for 15 min at -789, a solutiJon of ethyl 3-
(trimethylsilyl)propionate!95 (1035, 59.5 mmol) in 15 mL of THF was added over a
perfod of 2 h. The resulting yellow solution‘was stirred for 1 h at -78°. Frc.shl;/
distilled aceialdehyde 5.07 mL, 90 mmol) in 20 mL of THF was then added over a
period of 15 min. After the mixture was stirred for 1‘.5 h at -789, the cooling baih Wits

removed and the solution stirred for an extra 30 min. The reaction was quenched by

‘pouring the mixture into 150 mL of 0.5 N HCI at 0°. The aqueous phase was saturated

with sodium chloride followed by separation of the layers and extraction of the

aqueous phase with ether (3 x 25 mL). The combined organic layer was washed once

“with 50 mL of brine, followed by drying over anhydrous sodium sulfate. The solvents

were removed by rotary evaporation, with the residual liquid being distilled to yield 8.2

Jg (37.6 mmol, 63%) of the colourless ester: bp 87-92° (15 mmHg). IH NMR (60 MHz,

CDCl3) §: 0.05(s, 9H, Si(CHz)3), 0.78-1.03(m, 1H, CH,Si(CHz)3), 1.18(d, 3H, J=6.0
Hz, CH(OH)CHj), 1.30(t, 3H, J=7.0 Hz, OCH,CHj), 2.33-2,65(m, 2H, CHCO,Et and
OH), 3.84(q, 1H,J=6.0 Hz, CH(OH)), 4.13(q, 2H, J=7.0 Hz, OCH,CH3). . o

- C
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Ethyl 2-[(trimethylsilyl)methyl]-2-butenoate 77104

To " an. ice-bath cooled (0°) solution of *ethyl 2-[(trimethylsilyl)rnethyl"]-"?a-
hydrbxybutanoate 75 (8.2 g, 376 mmoi) in 50 mL of ether was added 3.1 mL of
methanesuifonyl chlo;ide (40 mmol). Immediately, triethylamine (distilled from
CaH,; 5.57 mL, 39.5 mmol) was added. The white suspension was stirred for 30 min‘at
09 followed by dilution wit}: 60 mL of hexane. Tilé mixture was filtered through Celite
with several portions of 1:1 ether/hexane. The solvent was removed by rotary
evaporation while the temperature was maintained below%So. The resulting crude
yollow oil was taken ﬁp in 70 mL of dry THF, and 13.5 mL of DBU (1;8-
diazabisyclo[5.4.0]undec-7-ene, Aldrich, 90.3 mmol) was added all at once. The
reaction mixture was warmed to 40° and stirred for 30 h. After the mixture was cooled
to foom temperature, ether (40 mL) and H,O (40 mL) were added. The layers were
separated, and the organic phase were washed with saturated CuSOy4 (2 x 60 mL) to
remove the excess DBU. After a final wash with 60 mL of brine, dryiﬁg (MgSOy), and

removal of the $olvents, the residual liquid was distilled t0 give 4.86.g (24.3 mmol,

" 65%) of 77 as a colourless oil: bp 55-65° (0.5 mmHg). 1 NMR (60 MHz, CDCl5) §:

0.00(s, 9H, Si(CH3)3), 1.25(t, 3H, J=7.0 Hz, OCH,CH3), 1.79(bs, 2H, CH,,Si(CHs)3),
4.09(q, 2H, J=7.0 Hz, OCH,CH3), 6.55(q, 1H, J =7.0 Hz, C=CHCH;).

@

, A /
2:[(Trimethylsilyl)methyl]-2-buten-1-ol 7840%

To a -789 solution of ethyl 2-[(trimethylsilylmethyl]-2-butenoate 77 (1.0 g, 5.0
mmol) in 12 mL of dry THF was added dropwise 7.33 mL of diisobutylaluminum -
hydride (Aldrich, 11.0 mmol, 1.5 M in toluene). After being stirred2h at -78% and 1 h

at 09, the solution was poured with stirring into 40 mL of 0° IN H»S04 solution. The

"mixture was stirred for 30 min, followed by saturating the aqueous phase with sodium

chloride and adding S0 mL of ether. The layers were separated and the aqueous phase
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was extracted with ether (2_x 20 mL). The combined ether layer was dried (NapSO,)
and condensed, and the crude alcohol was purified by flash chromatography using ethy!
acetate-petroleum ether (1:9) as eluant, to #ford 0.759 g (96%) of 18 as a yellowish oil,
H NMR (60 MHg, CDCl3) 6: 0.00(s, 9H, Si(CHz)3), 1.51(s, 2H, CH,Si(CHj)3),
152(d, 3H, J =70 Hz, C=CHCHj;), 3.82(bs, 2H, CH,OH), 5.25(q, 1H, J=7.0 Hz,
C=CHCHj). ’

2-[(Trimethylsilyl)methyl]- 1-(tert-butyldimethylsilyloxy J-2-butene 79

To 2-[(Trimethylsilyl)rnethyl]-2-b.uten-l-ol 78 (759 mg, 4.80 mmol) in dry DMF
(5 mL) under N, were added t-butyldimethysilyl chloride106 ({109 g, 7.20 mmol) and
imidazole (719 mg, 10.6 mmol); the reaction mixture was thex; stirred at S0° for 45 min
to effect complete silylation. Water (60 mL) was added and the product was extracted
with ether (3 x 20 mL); the ether e.xtracts were ‘washed with water (2 x 7 mL), dried
over MgSO,4 and evaporated. After purification by flash chromatography with
petroleun;‘ ether as eluant, it was possible to obtain a small almount of the two
components in sufficient purity to identify them as Z (major) and E (minor) isomers.
The total yield of the punfxed mixture of isomers was 1.16 g (89%); Z isomer: 'I1
NMR (200 MHz, CDC13) b: 0.01(s, 9H, Si(CHj)3), 0.05(s, 6H, Si(CHjz),), 090(5, 9H,
C(CHj3)3), 1.51(s, 2H, CH,Si(CHj)3), 1.55(d, 3H, J=6.9 Hz, CHj), 3.95(s, 2H,
CH,0Si(CHz),), 537(q, 1H, J=6.9 Hz, C=CH); E isomer: 'H NMR (200 M1,

_ CDCly) &: -002(s, 9H, Si(CHz)), 0.05(s, 6H, Si(CH3),), 1.57(s, 2H, CH,Si(CH5)5),

1594, 3H, J=7.2 Hz, CHj), 4.10(s, 2H, CHZOSi(CH3)2), 5.10(q, 1H, J=72 Hz,
C=CH). High resolution molecular weight deter’rrﬁnation (1509), caled. for

C10H2308iy (M - C4Hg): m/e 215.1288; found: m/e 215.1260.




3-[[5R-[4-((1-Butyldimethylsilyloxy)ymethyl)- 1 R-t-butyldiphenylsilyloxy-2R-hydroxy] -4-

pentenyl]-1,3-dioxolan-4S-yl]glutarimide 80

Aldehyde 56a and allylsilane 74 were dissolved in 1 mL. of dry methylene
chloride and the mixture was cooled to -78°. BF3Et,O dissolved in 05 m. of
methylene chloride was added via a éyringe over a 2 min period. After stirring the
solution at -78° for 1 hour, the mixture was warmed to -45° and maintained at this
ter;perature for a further 17 hours. JSaturated sodium bicarbonate solution\ was$ added,
and the product was extracted with 10 mL of methylene chlorid‘e (2 x 10 mL) and dried
with magnesium sulfate.  After purification by flash chror{xatography (ethyl

acetate:petroleum ether / 3:7), 45 mg (52%) of 8# was recovered as white dtystals

(m.p. 48-52°). IH NMR (200 MHz, CDClg) 6: 0.07 and 0.08(2s, 2H, SiMe,), 0.90 and

" 1.08(2s, 18H, 2.t-Bu), 1.94-2.74(m, 7H, CH(CH,C(O)),NH and CHZCI-{OH), 3.43(d,

1H, J=4 Hz, OH), 3.61(dd, 1H.J=4 and 6.5 Hz. 4-H), 3.69-3.92 and 3.73(m(CHOH) +
dd(CHOSiPh,), 2H, J=4 and 6.5 Hz), 4.00(dd, 1H, J=4 and 6.5 Hz, 5-H), 4.10(s, 2H,
CH,O0SiMent-Bu). 4.55(s; TH. OCH AHRO), 4.81(s, 1H, OCH pHgO), 4.93 and 5.11(2
d, J=1.5 Hz, C=CH,), 7.27-7.87(m, 10H, 2 CgHs). 7.80(bs, 1H, NH). FAB spectrum
(8 kV xenom, diethanolamine matrix, room temp.). 773(2.05, M + DEAH ™), 743(0.38,
773 - CH,0).

3-[ [5R-[4-((t-Butyldimethyisilyloxy)imethyl)-1R-t-butyldiph enylsilylow-.?_-'oxo ]-4-
pentenyl]-1, 3-dioxolan-4S-yljglutarimide 81 ‘ '

5 [
0

Chrommum trioaide (27 mg, 0.27 mmol), was added to a magnetically stirred
solution of pvridine (43 mg, 0.54 mmol) in 0.68 mL of dry methylene chloride under a
nitrogen atmosphere at room temperature. The solution was stirred for 15 min at
room temperature. At the end of this period, a solution of alcohol 80 (30 mg, 0.045

mmol) in 0.60 mL of methylene chloride was added in one portion. -After 20 min at
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room tempefanire, it was diluted with 5 mL of ether, and the contents filtered through
Celite. The rinsing and filtration was repeated an additional three times, each time
with 5 mL of ether. Purification by flash chromatography using ethyl acetate
petroleum (3/7) as eluant gave ca. 26 mg pf ketone 81. 'H NMR (200 MHz, CD(R)
d: 0.02 and 0.04(2 s, 6H, 2 SiMes3), 0.89 and 1.12(2 s, 18H, 2-t-Bu), 1.02-2.08(1&, 1,
CH(CH,C(0)),NH), 3.28(ABq, 2H, 1=195 Hz, COCHAC(=CH»)), 3.74(dd, 1L
J=45 and 55 Hz 4-H), 3.89(dd, 1H, J=42 and 5.5 Hz, 5-H), 390, 11k
CH,0SiMe,t-Bu), 4.33(d. 1H, J=4.2 Hz, CHOSiPh,t-Bu), 4.70(d, 1, J=1 ﬁl fe.
C=CHpHp), 4.80(s. 1H, OCH,HRO). 4.91(s, 1TH, OCH,HRO), S.20(d, TH, J= 1>
Hz, C=CH  Hp), 7.30-7.75(m, 10H, 2 C¢Hs), 7.80(bs, 1H, NH). FAB spectrunt (8 hV
xenon, diethanolamine matrix, room temp.): 771(5.10, M + DEAH ™), 665(0.18, M).

<

3-[[5R-[4-((t-Buryld:methylsiivioxy)methyl)-1R-t-butyldiphenylsilyloxy-2R-hvdroxy- 3-
methyl]-4-pentenyl]-1.3-dioxolan-4S —yl]glutarimide 83(a,b)

Boron trifluoride etherate (50 mg, 0.35 mmol) was added to a solution of
aldehyde 56a and allylsilane 79 in 1 mL of meth?lene chloride at -78° under No. The ‘
reaction mixture was stirred at -78° for 1 h and at -40° for 21 h, titen poured into u
cold (0°) saturated sodium bicarbonate solution (40 mL). The products were e?ctractcd
with 30 mL of mezth\}']ene chloride and dried over mz‘agncsmm sulfate. Purification by

flash chromatography using ethyl acetate-petroleum ether (1/3) as eluant gave two

alcohols (12 mg of the less polar component and 38 mg of the more polar substance ).

The total yield was 42%. Spectroscopic data for the major alcohol component
loJpy20-14.29 (c 1.65, CHCl3); 'H NMR (200 MHz, CDCl3) 6: 0.02 and 0.04(2 s, 011,
SiMe,), 0.91 and 1.08(2 s, 18H, 2 +-Bu), 1.14(d, 1H, J=6.8 Hz, CH3), 2.10-2.68(m, 71,
CH(CH,C(O)),NH, CHCH; and OH), 3.40-3.54(m, 1H, CHOH), 3.60-4.06(m + 2 at
3.87(2H, CH,OSiMe,) and 3.96(1H, OCH,Hg0), TH, CH,0S1Mey, OCH,HRO, 4-

Y . _




_H, 5-H and CHOSiPh,), 4.56(s, 1H, OCH,HRO), 4.70 and 5.13(2s, 2H, C=CHy),
7.34-7.82(m, 10H, 2 CgHs), 7.96(s, 1H, NH). Mass spectrum (NH; CI, 3350) m/e

- (rel. int. %) : 682(8.6, MH™), 624(100, MH+ - 58). High resolution ms ‘(NH3 ClI,

2459) caled. for C37Hgc07NSiy (MH™): m/e 682.3595; found: m/e 682.3596.~

[R((EHCI:;): 3565(OH) and 3373(NH), 1711§C =O)cm'1. Spectroscopic data of the
minor alcohol: [a]DZO +5.49 (c 0.5, CHCl3); 1y NMR (200 MHz, CDCl3) é:

0.04(s, 6H, SiMY,), 0.86(s, 9H, t-Bu), 0.97(d, 1H, J=6.7 Hz, CHs), 1.04(s, 9H, t-Bu),

1.90-2.83(m, 7H, CH(CH,C(O)),NH, CHCH3 and OH), 3.64-3.80(m, 4H, 4-H, 5-H, .
CHOSiPhy and CHOH),3.96(s, 2H, CH,OSiMe;), 4.48(s, 1H, OCH, HRO), 4.68(s,
1H, C=CH,HRg), 4.75(s, 1H, OCH,HgO), 5.00(s, 1H, C=CH 7 Hp), 7.24-7.85(m +

. S(NH), 11H, 2 CHs and NH). Mass spectrum (NHz C.I, 330°) m/e (rel. int. %):

682(16.5, MH 1), 624(100, Mu+ .- 58). High resolution ms (NH3 CY,, 2159) calcd. for
C33H44507NSis ‘(M - t-Bu): m/e 624.2812; found: m/e 624.2812. IR(CHCly):
1707(C=0)em" L. : \ .

-

3-[[5R-[4-((t-Butyldimethylsilyloxy)methyl)-1 R-t-but;:ldz};henylsil))lo.ijf-3-methyl-2‘-axo /-
4-pentenyl]-1,3-dioxolan-4S-yl[glutarimide 84(a,b)

Alcohols 83(a,b) were oxidized to ketones 84(a,b) in the san;e rnannér k'as
described for the conversion of alcohol 80 to ketone 81. Spectroscopic data for the
keto product resulting from the oxidation of the major and also rnore polar alcohol 83:
[oz]D"3 5829 (¢ 0.85, CHCl3); '1H NMR (700 MHz, CDCly) é: 0 014(25 6H, SiMe,),
0.86(s, 9H, t-Bu), 0.97(d,” }H J=7.0 Hz, CHjy), 1.06(5, 9H, t-Bu), 2.15-2.70(m, SH,
CH(CH,C(0)),NH), 3.27(q, 1H, J=7.0 Hz, CHCH3), 3.62(dd, 1H, J=3.4 Hz and 5.2
Hz, 4-H), 3.83(bs, 2H, CH,0SiMes), 4.10(dd, 1H, J=52 and 5.6 Hz, 5-%)“, 4.26(d, 1H,
J=5.6 Hz, CHOSIiPh,), 4.50(s, 1H, OCH ,HgO), 4.75(s, 1H, C=CH pHp), 4.81(s, 1H,

OCH, HRO), 5.17(s, 1H, C=CHpHp), 7.30-7.50 and 7.55-7.75(2m, 10H, 2 C¢Hy),
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7.85(bs, 1H, NH). ' IR(CHCl3): 3373(NH) and 1711(C=O)cm'1. -Spectral data of the

‘ketone resulting from the oxidation of the minor (less polar)‘alcohol component:

[q]D23 +20.89 (¢ 0.2}, CHC13); 1H NMR. (200 MHz, CDCl3) §: 0.01.and 0.03(2s, 6H,
SiMe,), 0.88(s, 9H, t-Bu), 1.08(d, 1H, J=6.5 Hz, CH3), 1.09(s, 9H, t-Bu), 1.92-2.80(m,
5H, CH(CH,C(0O)),NH), 3.61(g, 1H, J=6.5 Hz, CHCH3), 3.81-4.00(m, 4H, 4-H, 5-H
and CH,OSiMe,), 4.48(d, 1H, J=4.8 Hz, CI{OSith), 4.59(s, 1H, OCH,HgO), 4.61s,
1H, C=CHpHp), 4.82(s, 1H, 'OCHAHRO), 5.04(s, 1H, C=CH AHB), 7.26-7.85(m,
10H, 2 C¢Hs).

Aldehyde 85 and ozonide 86 n

4

Ozone and nitrogen were bubbled for approx;mately 45 min through a solution
of glutarimide 69 (497 mg, 1.5 mmol) in ethyl acetate 30 mL) at -78°.. Excess ozone
was, flushed out .with m’trogén, 4 mL of methyl sulfide was added at -78° and the
mixture allowed to stir for 24 h at ambient temperature under a nitrogen atmosphere.
Removal of the ethyl acetate gave crude aldehyde 85 as a foam, contaminaied with
ozonide, 86. The Ry value of 86 was identical to olefin 69. Purification by flash
chromatography using methanol-methylene chloride (1/19) as eluant resulted in the
formation of either hemiacetal X or dimethyl acetal Y. Aldehyde 85 svas eventually
separated from ozonide 86 by flash chromatography using ethyl acetate as eluant.‘
Aldehyde 85 was isolated in approximately 70 to 75% yield. 1H NMR ‘(200 MHz,
CDCl3) of aldehyde 85; 6: 2:00-3.00(m, SH, 3a-H, 3b-H, 4-H, 5a-H and 5b-H), 3.33(d,
1H, J =7.3 Hz, 7-H), 3.92(s, 1H, 8-H), 4.10(s, 1H, 9-H), 4.52(ABq, 2H, J=12.4 Hz,
CH,Ph), 4.79 and 5.31(2d, 2H, J=6.4 Hz, 14a-H and 14b-H), 7.17-7.54(m, 5H, 66H5),
8.32(bs, 1H, NH), 9.76(s, 1H, 10-H). IH NMR (200 MHz, CDCI3) of ozonide 86; §:
1.90-3.00(m, SH, 3a-H, 3b-H, 4-H, 5a-H and éb-H), 3.25(d, 1H, J=6.4 Hz, 7-H),
3.56(dd. 1H, J=1.6 and 7.5 Hz, 9-H), 3.64(s, 1H, 8-H), 4.72(d, 1H, J=6.4 Hz, 14a-H),




4.78(ABq, 2H, J=11.7 Hz, CHZPh),‘ 5.02(s, .IH, OCH,HRgO), 5.20(d, 1H, J=6.4 Hz,
14b-H), 5.39(s, 1H, OCH,HgO), 5.60(d, 1H, J=7.5 Hz, 10-H), 7.38(s, 5H, C¢Hs),
7.77(bs, 1H, NH). Mass spectrum of ozonide 86 (isobutane C.I.) m/e (rel. int. %):
334(0.8, MH* - OCH,0), 226(56.9, MH* - OCHZ_O- - CqH5CH,OH), 196(100, 2526 -

CH,0).

Alcohols 87(a,b)

Boron trifluoride etherate (216 mg, 1.52 mmol) was added to a mixture of
aldehyde 85 &422 mg, 1.27 mmol) and allylsilane 79 (414 mg, 1.52 mmol) in 5 mL of dry
methylene chloride at -78° under nitrogen. The reaction mixture was stirred at -78°
for 1.5 h. Cold saturated sodium bicarbonate solution (5 mL) was added to the mixture
and the solution was extracted with methylene chloride (2 x 15 mL); the methylene
chloride extracts were dried over magnesium sulfate and evaporated. After
purification by flash chromatography using'ethyl acetate-petroleum ether (2/3), 174 mg
of the less polar alcohol and 108 mg of the more polar alcohol were obtained (42%
yield). Spectroscopic data of thte less polar alcohol: 14 NMbR (200 MHz, CDCl3) 6:
0.13 and 0.16(2s, 6H, SiMe,), 0.93(s, 9H, t-Bu), 1.24(d, 3H, J=7.2 Hz, 15-H), 2.72-
2.91(m, SH, 3a-H, 3b-H, 4-H, 5a-H and 5b-H), 3.02(m, 1H, 11-H), 3.09(d, 1H, J=7.0
Hz, 7-H), 331(d, 1H, J =94 Hz, 9-H), 3.68(mm + bs(8-H), 2H, 8-H and 10-H),
4.08(ABq, 2H, J=11 Hz, 13a-H and 13b-H), 4.50(d, 1H, J=10.2 Hz, OH, D50 exch.),
4.56(d, 1H, J=6.0 Hz, 14a-H), 4.82(ABq, 2H, J=11.7 Hz, CH,Ph), 5.01(d, 1H, J=2.0
- Hz, 16a-H), 5.09(d, 1H, J=2.0 Hz, 16b-H), 5.13(d, 1ﬁ, J=6.0 Hz, 14b-H), 7.26-7.48(m,
‘S-H. CeHs), 7.85(bs, 1H, N-H). FAB spectrum (8 kV xenon, glycerol matrix, room
temp.): 718(0.09, MH* + 2 gly), 626(0.22, M + glyH*), 553(0.29, M + glyH* -
HNCO - CH;0), 534(1.52, MHY), 461(0.50, MH* - HNCO - CH,0), 402(0.52, MH*
- i-{OSiMezt'-Bu), 369(1.47). Mass spectrum (isobutane C.1.) m/e (rel. int. %): 53@7.0,
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m +), 474(7.3), 402(100, MH* - HOSiMest-Bu). Spectral data of the m(zrc‘ polar
alcohol: 1H NMR (200 MHz, CDCly) 6: 0.00(s, 6H, SiMey), 0.94(s, 9H, t-Bu), 1.04(d,
3H, J=6.8 Hz, 15-H), 1.80-2.95(m, 6H, 3a-H, 3b-H, 4-H, 5a-H, 5b-H and 11-H), 3.26(d,
1H J=6.9 Hz, 7-H), 3.45(d, 1H, J=9.6 Hz, 9-H), 3.67(m + s, 2H, 8-H and 10-H),
393(d 1H, J=9.9 Hz, 10-H), 4.15(ABq, 2H, J= 1”6 Hz, 13-H), 4.19(d, tH, J=5.1 Hz,
OH), 4.69(d, 1H, J=6.4 Hz, 14a-H), 4.81(ABq, 2H, J=119 Hz, CH;,Ph), 5.07(s, IH,
16a-H), 5.14(s, 1H, 16b-H), 5.17(d, 1H, J=6.4 Hz, 14b-H), 7.26-7.47(m, SH, CgHgs),
7.66(bs, 1H, NH). Mass spectrum (isobutane C.I) m/e (rel. int. %): 534(100, MH '),
426(6.8, MH - - CcHsCH,OH), 402(100, MH+ HOSlMeot -Bu). r

8-0-B;nzyl-1 3-0—t-blltyldimethylsilyl sesbanimides 88

Chromium trioxide (146,mg, 1.2 mmol) was added to a magnetically stirred
solution of pyridine (190 mg, 2.4 mmol) in 3 mL of dry CH,Cl, (from P,Os) under N».
The resulting deep burguﬁ‘dy solution'was stirred for 15 min at room temperature. At
the end of this period, a solution of the less polar alcohol 87 (i04 mg, 0.20 mmol) in 1.5
mL of CH,Cl, was added ii one portion. A 1tarry, black deposit separated
immediately. After stirring an additional 15 min at room temperature, the solution was
diluted with ether and filtered through Celite. Purification by‘ﬂash chromatography
using petroleum ether-ethyl acetate (3:1) as eluant, gave 4 mg (4%) of ketone as an oil.
Much starting material was recovered along with other unideontified products.
Oxidation of the more polar alcohol was carried aut in the same manner except that
the yield of the corresponding ketone ontained was higher (21%). IH NMR (200
MHz, CDCl3) of the ketone obtained from' the less polar alcohol 87 §: 0.06(s, 6H,
SiMe,), 0.89(s, 9H, t-Bu), 1.26(d, 3H, J=6.9 Hz, 15-H), 1.95-3.00(m, 5H, 3a-H, 3b-H, 4-
H, 5a-H and 5b-H), 3.30(dd, 1H, J=1.6 and 8.2 Hz, 7-H), 3.66(q, 1H, J=7.3 Hz, 11-H), ’
3.78(s, 1H, 8-H), 4.13(s, 2H, 13-H), 4.56(ABq, 2H, J=11.7 Hz, CH,Ph), 4.64(s, 1H, 9-

\




- 138

rd

: H), 4.~93(d, 1H, J=6.4 Hz, 14a-H), 4.96(s, 1H, 16a-H), 5.02(d, 1H, J=6.4 Hz, 14b-H),
5.24(s, 1H, 16b-H), 7.35(s, SH, C6H5), 7.75(bs, 1H, NH). Mass spectrum of the ketone
derived from the less polar alcohol (isoi:utane C.L) m/e (rel. int. %): 532(50.0, MH™),
424(31.0, MH* - CgH5CH,OH), 400(65.5, MH? - HOSiMe,t-Bu), 394(18.5, 424 -
CH,0), 382(56.3), 292(37.5, 400 - CgH5CH,OH), -262(‘100, 292 - CH50). Oxidation
of the more polar alcohol 87 gave the ketone with the following spectral data: NMR
(200 MHz, CDCl3) &: 0.1‘4(5, 6H, SiMe,), 0.96(s, 9H, t-Bu), 1.26(d, 3H, J=6.9 Hz, 15-
H), 3.44(d, 1H, J=7.5 Hz, 7-H), 3.67(q, 1H, J=6.9 Hz, 11-H), 3.81(s, 1H, 8-H), 4.20(s,
219 13-H), 4.58(ABq, 2H, J=11.7 Hz, CH,Ph), 4.66(d, 1H, J=6.4 Hz, 14a-H), 4.77(s,
1H, 9-H), 4.92(s, 1H, 16a-H), 5.08(d, 1H, J=6.4 Hz, 14b-H), 5.24(s, 1H, 16b-H), 7.20-
’7.46(m, 5H, CgHg), 7.90(bs, 1H, NH). Mass spectrum (isobutane C.L) m/e (rel. int.
%): 532(60.2, MH™), 424(17.6, MH" - CgH5CH,0H), 400(1@)0, MH* - HOSiMejt-
Bu), 382(70.0), 370(16.4, 400 - CH,0), 292(47.5, 400 - CgHgCH,OH), 262(30.7, 292 -
CH,0).
%

~
v\

13-Deoxychloro sesbanimide 89 3

To ketone 88 (57 mg, 0.110 mmol\)(which 'was obtained :;fter oxidation of the
more polar alcohol 87) in 1.0 mL of dry methylene chlotide at’-78° under N, was
added O.i4 mL of 1 N BCly (in CH,Cly) via a syringe. After 40 min at -78°, the
reaction mixture was poured into 2 mL of a cold (0°) and well-stirred saturated sodium
bicarbonate solution. The product was extracted with methylene chloride and dried
over magnesium sulfate. Evaporation under reduced pressure and purification by flash
chromatography using methanol-methylene chloride (1:25) as eluant, gave ~2 mg of §9
(20%) as a white foam. NMR (200 MHz, CDCl,) §: 1.28(d, 3H, J=7.0 Hz, 15-H),
2.?.;3-2.97(m + d(OH) at 2. , 6H, J=12 Hz, 3a-H, 3b-H, 4-H, 5a-H, 5b-H and OH),
3.49(dd, 1H, J=1.3 and 8.4 Hz, 7-H), 3.81(q, 1H, J =7'0, Hz, 11-H), 4.00(d, 1H, J=12

%



139

Hz, 8-H), 4.13(ABq, 2H, J=1.6 Hz, 13-H), 4.63(d, 1H, J=1.7oH_i, 9-H), 4.72(d, H,
J=6.7 Hz, 14a-H), 5.04(d, 1H, J=6.7 Hz, 14b-H), 5.12(s, 1H, 16a-H), 5.37(s, 1H, 16b-

H), 7.79\('&[,‘ 1H, NH). Mass spectrum (isobutane C.I.) m/e (rel. int. %):.346(100, " '\
MH*), 328(12.4, MH™ - H,0), 316(11.9, MH* - CH20),‘ 310(72.4, MH* - HCQ)),
300(12.9, 328 - CO), 298(40.3, 316 - H;_D), 280(37.8, 310 - CH,0), 264(13.2,310 - CO -
H,0), 262(15.7, 280 - H,0). ‘ f

Alcohol 90

Boron triﬂugride etherate (369 mg, 2.6 mmol) was syringed into a well-stirred
solution of aldehyd¢ 85 (666 mg, 2 mmol) and 2-[(trimethylsilyl)mcthyl]-'s-tcrt- .
butyldimethylsiloxy-1-propene 74 (774 mg, 3.0 mmol) in 12 mL of methylene ct‘ll()ride _ '
at -78° under a nitrogen atmosphere. Immediately, a white suspension was ff;vmed in
the reaction mixture which became,a homogeneous solution after 10 min of further
stirring. After.the mixture was stirred 2 h at -789, it was poured into a cold (09) rapidly ——
stirring saturated sodium bicarbonate solution. After warming to room temperature,,
the product was extracte'd with CH,Cl, (2 x 90 mL), washed once with water (40 mL),
and dried over MgS0Oy. 467 mg (45% ) of alcohol 90 was recovered as a white solid
after flash chromatography (ethyl acgtate-petroleum ether/ l:di). m.p. 148-1519; b@DZ?’
+63.00 (c 0.40, CHCly); 1H NMR (200 MHz, CDCly) é: 0.13(s, 6H, Si(CH3)5), 0.93(s,
9H, t-Bu), 1.82-1.98 and 2.13-2.50(21;11; SH, 3a-H, 3b-H, 4-ﬁ, Sa-H and 5hket]), 3.17(d,
1H, J=6.5 Hz, 7-H), 3.30(d, 1H, J=9.5 Hz, 9-H), 3.73(s, 1H, 8-H), 3.80-4.00(m, 1H, 10-
H), 4.12(s, 2H, 13-H), 4.29(d, 1H, J=4.0 Hz, OH, D,0 exch.), 4.65(d, 1H, J=6.0 Hz,
14a-H), 4.81(ABq, 2H, J=11.8 Hz, CH,Ph), 5.03(s, 1H, 16a-H), 5.15(s, 1H, 16b-H), e
5.16(d, 1H, J=6.0 Hz, 14b-H), 7.26-7.48(m, 5H, CgHg), 7.77(s, 1H/ I;JH). FAB
spectrum (8 k;\’ xenon, glycerol matrix, 22°) m/e (rel. int. %) 612(0.069 MH* Hgly),

-



520(0.520, MH ™), 462(0.113, MH™* - CO - HyCO), 459(0.084, MH* - HNCO - H,0),
431(0.063, MH* - HNCO - €O - H,0).

o

8- d-BenzyI—I 3-0-t-butyldimethylsilyl- 15-desmethyl sesbanimide 91

é Chromium trioxide (240 mg, 2.40 rnnu‘)l) was added to a magnetfcaliy stirred

solution of pyridine (380 mg, 4.81 mmol) in 7 mL oﬁdry CH,Cl, (from P»Og) under
N». The resulting deep bu.rgundy solution was stirred‘f\or 15 min at room temperature.
At the end of this period, a solution of alcohol 90 (104 mg, 0.20 mmol) in 3 mL of
CH,(l, was added in one portion. A tarry, black deposit separated immediately. -
After stirring an additional 15 min at room temperature, the solution was decanted
from the residue. The residue was further rinsed with small portions of methylene
chloride (total 20:mL). The combined extracts vere vashed with 1 N HCI (2 x 10 mL),
saturated NaHCO3 (10 mL), 5% sodium bisulfite (2 x 10 mL), and?water (10 mL)
before drying with magnesium sulf.ate. Purification by flash chromatography using
pet‘roleum ether-ethyl ace;ate (2:3) as eluant’, gave 57 mg (55%) of ketone 91 as an oil.
1H NMR (200 MHz, CDCl5) §: 0.02(s, 6H, SiMe,), 0.87(s, 9H, t-Bu), 2.00-2.93(m, SH,
3a-H, 3b-H, 4-H, 5a-H and Sb- -H), 3.29(d, 1H, J=6.8 Hz, 7-H), 3.47(ABgq, 2H, J 16.9
Hz 11a-H and 11b-H), 3.93(s, 1H,.8- H), 4.08(d, lH J=13 Hz, 9-H), 4.13(s, 2H, 13 H)
4. SO(ABq, 2H, J=11.9 Hz, CH,Ph), 4.73(d, 1H, J 6.5 Hz, 14a-H), 4.89 and 524(2d
2H, J=1.0.Hz, 16a-H and 16b-H), 5.29(d, 1H, J= 65 Hz, 14b-H), 724741(m SH
CgHs), 7.81(bs, 1H, NH). Mass spectrum- (1sobutane Cl., 2829) rn/e rel. int. /o)
518(100, MH*), 460(7.7, MH*’ - CO - CH,0), 410(10.7, MH* - C(HsCH,OH),
402(10.1, 460 - 'C§42C(O)NH2), 388(12.6), 386(47.4, MH* - HOSiMejt-Bu), 380(55.4,
410 . H:,:CO), 368(15.8), 362(13.4), 356(19.9, 386 - H5CO), 278(15.1, 386 -
CgHsCHyOH), 248(322, 278 - HoCO). |
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13-Deoxychloro-15-desmethyl sesbamimide 92

To ketone 91 (57 mg;-0.110 m;nol) in 1.0 mL of dry methylene chloride at -780
under N was added 0.55 mL of 1 N BCl3 (in CH,Cl,) via a syringe. After 1 h at-78°,
the reaction mixture was poured into 3 mL of a cooled (0°) and well-stirred saturated
sodium bicarbonate solution. After warming the total mixture to room temperature,
the product was extracted with ethyl acetate (3 x 10 mL), washed w;th H,0 (1 x3 mL),
and brine before drying over magnesium sulfate. Evaporation under reduced pressure
and purification by flash chromatography using methanol-methylene chlgride (1:19) as
eluant, gave 26 mg of 92 (68%) as a white foam. 1 NMR (200 MHz, CDCly) 6: 2.29-
3.03 and 2.62(m + d(OH), 6H, J=10.0 Hz, 3a-H, 3b-H, 4-H, 5a-H, 5b-H, and OH,
D50 exch.), 3.44(d, 1H,J=7.2 Hz, 7-H), 3~53(s 2H, 11-H, 4.00(d, 1H, J=10.0 Hz, §8-H),
4.16(s, 3H, 9-H and 13- H), 4.80(d, 1H;J=6.5 Hz‘ 14a -H), 5.10¢s, 1H, 16a-H), 5.25(d,
1H, J=6.5 Hz, 14b-H), s. 38(s, 1H, 16b-H), 8 05(bs 1H, NH D50 exch.). Mass
spectrum (NH;3 C.L, 2300) m/e rel. int. %) : 349/35 1(28.1/7.7, M + T‘éﬁf ), 332(2.2,
MH¥),331/333(3.0/13, (M + NHy)* - H,0), 314(153, MH* - H,0), 313(100, (M
+ NH,)* - HCl), 296(13.5, MH* - HCI), 266(7.6, 296 - H,CO), 265(7.4), 248(4.7, 266
- Hy0). High resolution ms (NH3 CIL, 2109 calcd. for C4Hy50(CIN, (M +
NH,4*): m/e 349.1166; found: m/e 349.1169.

}2— ( (t-Butyldiphenylisilyloxy)methyl): 3-allyljtrimethylsilane 94

4

AIcobol 73 (2.88 g, 20 mmal), t- butylchlorodxphenylsxlane (8.2 g, 30 mmol) and

mndazole (3.00g, 44 mmol) in 30 mL of dry DMF were heated for 19 h at 50-55°. The

mixture was diluted with 350 mL of water and the solution was extracted with diethyl
ether (3 x léO mL); the ether extracts were washed with water (3 x 4ijL) and brine’
and dried over MgSQOy. After flash chromatography, 5.4 g of silyl ether 94 was
obtained. H NMR (60 MHz, CDCly) 6: -.0(37(5, 9H, Si(g{3)l), 1.07(s, 9H,




£ 4

C(CH3)3),U 1.43(s, Zﬁ, CH,Si(CHz)3), 4.00(m, 2H, CH,0Si), 4.65 and 5.6 (2m, 2H,\
C=CHjy), 7.17-1.77(m, 10H, CgHjs). H'lgh r\esolution molecu’far weight determination
(809), calcd. for C19H550Sis (M - C4Hyg): m/e 325.1444; found: m/e 325.1457.

. <

Alcokol 95

Boroh trifluoride etherate (86 mg, 0.1 mmol) was added via a syringe to a
mixture of aldehyde 85 (120 mg, 0.36 mmol) and allylsijane 94 (268 mg, 0.70 mmol) at -
780 under a nitrogen atmosphere and tRe reaction was stirred for 1.5 h. The mixture
was then 1pou'red into a cold saturated sodium bicarbonate solution; the product was
extracted with methylene chloride (2 x 30 mL). The methylene chloride extracts were
washed with water (1 x 10 mL), ;iried over magmnesium sx:lfage angfvaporated. After
purification by flash chronfatography, lOO mg of alcohol 94 (43%) was recovered as a
foam. pip23 +50.79 (c 1.50, CHCl3); IH NMR (200 MHz, CDCly) §: 1.08(s, 9H, t-
Bu), 2.09-2.53, 2.63-2.96 and 2.82-2.99(3m, 7H, 3a-H, 3b-H, 3-H, 5a—i{, “5b-H, 1la-H
and 11b-H), 3.15(d, 1H, J=7.0 Hz, 7-H), 3.29(d, 1H, J=8.9 Hz, 9-H), 3.70(s, 8-H and

QH), D20 exch.), 3.82-4.00(m, 1H, 10-H), 4.12(s, 2H, 13-H), 4.61(d, 1H, J=6.0 Hz,

14a-H), 4.78(ABq, 2H, J=11.9 Hz,\CH,Ph), 5.04(s, 1H, 16a-H), 5.13(d, 1H, J=6.0 Hz,
14a-H), 5.18(s, 1H, 16b-H), 7.18-7.93(m +s(NH), 16H, CH,C¢cH3, Si(CgHg), and NH,
DO exch.). Mass spectrum (NH3 C.L, 150%) m/e (rel int. %) : 661(100, (M +
NH4)+), 644(35.9, MH *). 566(22.7). High resolution ms.(NH3 CI, 3‘0‘09) calcd.(for

C37H 4509NSi (MH*): m/e 644.3044; found: m/e 644.3046.
h s ‘

.
-»
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8-0-Benzyl-1 3- (?/-butyldiphenylsilyl-]S-desmethyl sesbanimide 96 ~

_ Chronnum trioxide (56 mg, 0.56 mmol) was added to pyrxdme (89 mg, L.12
mmol) in 15 mL of dry methylene chloride and the solution was stirred for 15 min at
room temperature. To this solution was added alcohol 94 (34 mg, 0.047 mmol) in 1 mL

- of methylene chloride. After 30 min, the solution was decanted and the solvent
removed. The product was purified by flash chromatography (ethyl acetate-petroleum‘
ether : 5/3) to yield 20 mg of 96 (67%). 1y NMR (200 MHz, CDCl3) §: 1.04(s, 9H, t-
Bu), 1.85-2.95(m, 5H, 3a-H, 3b-H, 4-H, Sa-H and 5b-H), 3.14(bs, 1H, 7-H), 3.45(ABq,
2H, J=17.7 Hz, 11-H), 3.88(s, 1H, 8-H),“f§i985, 1H, 9-H), 4.16(s, 2H, 13-H), 4.42(ABq,
2H,J=11.6Hz, 'CHzPh), 4.63(d, 1H, J=6.2 Hz, 14a-H), 4.92(s, 1H, 16a-H), 5.20(d, 1H,
J=6:2 Hz, 14b-H), 5.35(s, 1H, 16b-H), 7.09-7.74(m, 15H, CHyCgHs and Si(CgHs)s),
7.86(bs, 1H, NH). Mass spectrum (NH3 C}., ~120°) m/e rel. int. %) : 659(100, (M +
NH4)+ ), 455(9.5), 426(15.9), 403(23.0, 659 - HOSiPhyt-Bu), 338(9.5). H{'Lh resolution
ms (NHz ClI, 305%) caled. for C37H470,N5Si (M + NH4)+): 659.3152; found
659.3156.

1 3-O-t-Butyldiphenylsin/l-i5-desmethyl sesbanimide 97

Boron trichloride (0.07 mL, 1 N in methylene chloride) was added to a solution
of alcohol 96 in 1 mL of methy\lene chloride at -78°2 under nitrogen. The reaction

mixture was stirred for 30 min at -789, then poured into a cold saturated sodium

bicarbonate solution (5 mL). The product was extracted with methylene chloride (1 x

15 mL), washed with water (1 x 5 mL) and dried with MgSOy4. After purification by

flash chromatography (ethyl acetate-petroleum ether : 1/1), 10 mg of 9;7 (60%) was

9 obtained. 'H NMR (300 MHz; CDCl3) 6: 1.06(s, 9H, t-Bu), 2.29-3.05m, 6H, 3a-H, 3b-
_H, 4a-H, 5a-H, 5h;H and OH), 3.33(d, 1H, J=8.3 Hz, 7-H), 3.34(ABq, 2H, J=16.6 Hz,

112-H and 11b-H), 3.93(d, 1H, J=10.3 Hz, 8-H), 4.03(s. 1H, 9-H), 4.17(s, 2H, 13-H),




4.66(d, 1H, J=6.4 Hz, 14a-H), 5.00(s, 1H, 16-H), 5.16(d, 1H, J=6.4 Hz, 14b-H), 5.34(s,
1H, 16b-H), 7.33-786(m, 10H, 2 C¢Hs), 7.89(bs, 1H, NH). Mass spectanNH3 ClL, *
2719 m/e (rel. int. %) : 569(88.8, (M + NH,)*), 504(64.8, MH* - H,O - CH,0),
478(100), 460(94.4), 400(792). High resolution ms (NH3 CI, 230°) caled. for

C3oH3gO7NSi (MH™): 552.2419; found 552.2418.

Furan 98 .

- ' / ‘ \
To a solution of of silyl etfier 97 (28 mg, 0.05 mmol) in dry THF (0.5 mL) was
added tetra-ri-butylammonium fluoride (0.076 mmol) at room temperature. Only one
major spot was observed on TLC and it had an R¢ value equal to 0.20. After 15 min,

the solvent was removed at 0° and the mixture was immediately purified by flash

chromatogrzghy using silica gel pre-washed with triethylamine ‘meth%

methylene chloride (1/19) as eluant. A 1§ NMR spectrum was obtained using
deuterated chioroform treated with sodium bicarbonate as solvent and it gave rise to a
spectrum with a vast number of signals. However, upon exposure of t‘his sample to a
catalytic amount of acetic acid, the spot with Rg=0.20 becamé replaced with one less
polar (R¢=0.32). This less polar compound was furan 98. !H NMR (200 MHz,
CDCl3) of furdn 98 & 1.99(s, 3H, CHjy), 2.27-3.00(m + d(OH), 6H, J=9.5 Hz, 3a-H,
3b-H, 4-H, 5a-H, 5b-H and OH, D50 exch.), 3.45(d, 1H, J=7.5 Hz, 7-H), 3.77(4; 1H,
J=95Hz, 8-H), 4.69(s, 1H, 9-H), 4.86(d, 1H, J=6.4 Hz, 14a-H), 5.17(d, 1H, J=6.4 Hz,
14b-H), 6.35(s, 1H, furan Y-H), 7.15(d, 1H, J=1 Hz, furan «-H), 7.83(bs, 1H, NH,
D50 exch.). FAB spectrum (8 kV xenon, glycerol matrix, room temp.): 38‘8(6.9, M+
glyH™), 296(17.1, MH™*), 266(7.0, MH* - CH,0). High resolution FAB spectrum (8

kV xenon, glycerol matrix, room temp.): galcd. for MH*: 296.1135; found: 296.1066.
: o



