CHAPTER 1V

EXPERIMENTAL

General NMR spectra were obtained in CDCIl; at 200 MHz (‘H) or 50 MHZz (*C)
on a Varian Gemini Instrument. Chemical shifts (8) are in ppm and coupling
constants (J) are in Hz. All reactions were followed by thin layer chromatography
(TLC): glass or plastic shee%“’/ iga gel Fpsq (Merck) and visualized
using uv light (254 nm), iqm_; da&Qt Flash chromatography was

00 desh‘Wmfuran and dioxane were

carried out on silica
. m\am acetonitrile were distilled

distilled from Na/benzo

from CaH, and dimet istil rom CaH; under reduced
pressure. Other chemicals™ 2 -;t ‘ ka, k or Strem and used as
received. Carbon m 1ineg vaporation refers to the
rotary evaporation 0 e. Infrared spectra were
acquired using a Perki ¢ 760X metry and high resolution
mass spectrometry were Ldi_.&g Q Mass Spectrometer from
Finigand a Mat 90 from F m%\?%ééér' alysis result was obtained at the
ST T

D :
1-Allyloxy-p- methoxybenzene (54) : Anhydrous potassium carbonate

(11.15 g, 80 aﬁ ﬁ ) were added to a
solution of ﬂﬂm maw DMF (6 ml) protected with

mixfure was stiréd oy ht, then diluted with
o8] WAL b ool S L OV i

between dilute sodium hydroxide solution and hexane. The organic layer was
washed (brine), dried (Na;SO4) and evaporated to give the allyl ether (54) as an
oil (8.78 g, 100%). 'H NMR & 3.80 (3H, s, OMe), 4.50 (2H, d, J = 5.1 Hz, H1),
5.27 (1H, d, J = 11.7 Hz, =CH>), 5.40 (1H, d, J = 16.9 Hz, =CH>), 6.40 (1H, m,
CH=), 6.80 (4H, s, C¢H4OMe); °C NMR & 55.4, 69.2, 114.4, 115.4, 117.2, 133.5,
152.5, 153.7 ; IR (v,em™) 2956 (CH), 1650 (C=C) ; MS (m/z) 164 (100) (M"),
123 (71) (M™- C3Hs), 95 (55) (CsH70)
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1-(p-Methoxyphenoxy)-propane-2,3-diol (55) : KsFe(CN)s (12.5 g, 38.0
mmole), K2COs (5.25 g, 38.0 mmole) and K,OsO4H,0 (58.4 mg, 0.16 mmole)
was added to a solution of allyl ether (54) (2.08 g, 12.7 mmole) in zert-butyl
alcohol (40 ml) and water (40 ml). The reaction mixture was stirred for 24 hours
at room temperature. Saturated aq. Na,SOs solution was added and the mixture
was, stirred and filtered through celite. The filtrate was extracted with EtOAc.

The organic layers were washed (brine) dried (Na,SOs) and evaporated to give

the diol (55) as a white solid (2 2 m.p. = 77- 79 °C; 'H NMR § 2.80
(2HdJ—53HzH3)380\g3 O(IHdJ 2.6 Hz, H1), 4.03

(1H, s, H1"), 4.10 (1H, ™, CHO m%m\ﬁ) 583 <H,OMe); >C NMR & 55.6,
63.6, 69.8,70.5, 114. %5, 154 l‘m 3346 (OH), 2937 (CH) ;
MS (m/z) 198 (45) ) (G H0,+1), 109495) (CeHsO2)
N\ =
1-(p-Methoxy fate (56) : pyridine (162 pl
2.02 mmole) and thionylch r;;le:@lé i}i ;Were added to a solution of
the diol (55) (200 mg, 1. efe‘ *mw : | 13 protected with a drying tube

=i
J.J.‘

at 0 °C. The reaction mlxturer_was.st 1 hr. at 0 °C and then EtOAc was
added. The mlxtu;e was tﬂterﬁ-%ﬁrqugm‘g, washmg with EtOAc. After

(324 mg, 1.5 mmol ca d‘gd H,0 (2 ml) were added
4 |
at room temperature. Aﬁer 3 hrs, the mixture was ed with EtOAc, the two

t
phases w Q@ ed with HyO, sat.
NaHCO; sﬁﬂ?\j qwﬁm \Sﬂ[ﬁﬂﬁ SO4), concentrated
and purified by flash chromato n silicagel (6 g) elutingwith 10% EtOAc
A AN TR

85 °c 'H NMR & 3.77 (3H, s, OMe), 4.26 (2H, dd, J = 5.1, 2.9 Hz, H3), 4.80
(1H, dd, J = 28.6, 8.8 Hz, H1), 4.80 (1H, dd, J = 13.2, 6.6 Hz, H1), 5.20 (1H, m,
H2), 6.80 (4H, s, CéHsOMe); °C NMR & 55.7, 66.6, 69.7, 78.9, 114.8, 115.0,
115.6, 115.8, 151.6, 154.9 ; IR (v,cm™) 3446 (OH), 2956-2783 (CH), 2176 (C=
C), 1250 (Si-CHs) ; MS (m/z) 260 (95) (M), 123 (100) (M"- CsHy02), 109 (21)
(CeHs02), 95 (51) (CsH70)
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1-(p-Methoxyphenoxy)-5-trimethylsilyl-pent-4-yn-2-ol (57) : A solution
of ethynyltrimethysilane (136 pl, 0.98 mmole) in THF (1 ml) was cooled to —78
°C. n-BuLi (1.57 M in hexane, 673 pl, 1.06 mmole) was added, followed by after
30 min, a solution of the cyclic sulfate (56) (183 mg, 0.70 mmole) in THF (2 ml)
were added dropwise to the mixture at —78 °C. The mixture was stirred for 1 hour
at room temperature. H,SO4 (11 pl) and H,O (13 pl) were added and the now
apaque, cloudy mixture was stirred for 30 min at room temperature.The acid was
neutralized with sat. sodium bica{ \* eymon The mixture was extracted with
three portions of EtOAc. mco
brine), dried (Na2804),amprate¢to gmh;ohol (57) as an oil (184 mg,
94 %). 'HNMR & tMes), 2?0 = 5.9 Hz, H3), 3.80 3H, s,
OMe), 3.94 (1H, d "\306 (TlsL =9.5,3.7Hz, Hl"), 4.11
(1H, m, CHOH), . 3g NM\R\S -0.2, 24.8, 55.4, 68.4,
71.2, 87.3, 102.2, , IR (\gcm' ) 3431 (OH), 2958
(CH), 2176 (C=C), CH. <“ % 781(100) (M"), 189 (40) (M-

layers were washed (H,O and

was added to 1t10 Cohol (57) (135 mg, 0.49
inol (2 ml). The mi: irred for 4 hours. The organic

solvent was evaporated and the remdue was acng??ed with sat. ammonium
chloride so yers were washed
(brine), drledl[y gj qmm ngjte fﬂjﬂkyne (58) as an oil
(10 ) ﬁlj 2,3 ) dd, 1=66,

BV eF AR TILLL ik Y7 ESY

J=9.5,3.7 Hz, H1"), 4.17 (1H, m, CHOH), 6.85 (4H, s, CsH4OMe) ; *C NMR &
23.3, 55.4, 68.2, 70.7, 71.0, 79.9, 114.4, 115.3, 152.3, 153.8 ; IR (v,cm™) 3447
(OH), 3287 (CH), 2936 (CH), 2120 (C=C) ; MS (m/z) 206 (100) (M"), 124 (34)
(C7H;,0,+H), 109 (28) (CsHs0,)

mmole) in dry metl2
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2-(t-Butyldimethlsiloxy)-l-(p-methoxyphenoxy)—pent-4—yne 64) : ¢
butyldimethylchlorosilane (880 mg, 5.84 mmole), N,N-dimethylaminopyridine
(130 mg, 1.06 mmole) and imidazole (795 mg, 11.7 mmole) were added to a
solution of the terminal alkyne (58) (1.10 g, 5.3 mmole) in THF (5.3 ml) at room
temperature under N with a water bath. The mixture was stirred overnight,
acidified with sat. ammonium chloride solution and extracted with EtOAc. The
organic layers were washed (brine), dried (Na,SO;) and evaporated to give the
silyl ether (64) as an oil (1.66 g, 98 ‘%';). F‘}?MR & 0.10 (3H, s, CHs), 0.13 (3H,
s, CH3), 0.90 (9H, s, t—Bu) 2.00.(1H,'t,J CH) 2.42 (1H, ddd, J = 16.8,
5.9, 2.9 Hz, H3), 2.54 (l-H-ddd ] =16.8, 59 E—Q-Hz H3"), 3.80 (3H, s, OMe),
3.85 (1H, dd, J = 95&5{' J§(1H dd, J = 9.5, 5.1 Hz, H1"), 4.13 (1H,
m, CHOTBS), 6.84 (4 sOMe) B NMR 8. -4.8, -4.6, 18.1, 24.6, 25.7,
55.6,69.7,70.3,71.6, 8 §A153, 152.8,'153:7 ; IR (v,cm™") 3287 (=CH),
2955(CH), 2179 (C=C ._pHS) 23 (Si-0), 1049 (C-0O-C), 940 (C-0-C),
840 (Si-0) ; MS (m/z) 320 (47) (Ml) (100) (M "-C4Hy), 245 (46) ( M"-C4Hs-
H,0), 209 (58) (M*-Cq4 ey B

Paraformaldehyddﬁg mg, 1.94 mmole), Wd}gper (I) iodide (74 mg,
0.39 mmole) and diis jpropylamme (218 pl, 1.56 mmoD were added to a solution
of the alkyne (64) (249 mg, 0.78 mmole) in anhydrous 1,4-dioxane (3 ml). The
mixture was heated at ‘reflux ovemlght under N, arid \then cooled. Air was
bubbled throtgh the reaction mixture for 3 hours and then the reaction mixture
was/filtered threnghccelite;~washing, withy BtOA<. (Thessolution, Was evaporated
forming a gum-Iike residue ‘which was acidified ‘with2"M hydféchloric acid and
extracted with EtOAc several times. The organic layers were washed with water
and brine, dried (Na,SO4) and evaporated. The residue was purified by flash
chromatography on silica gel (7.5 g) eluting with 2 % EtOAc : hexane to give the
allenol (75) as an oil (177 mg, 68 %). '"HNMR & 0.10 3H, s, CH3), 0.12 (3H,
s, CHs), 0.90 (9H, s, +-Bu), 2.30 (2H, m, H3), 3.75 (3H, s, OMe), 3.82 (1H, d, J =
2.9 Hz, H1), 3.86 (1H, s, H1"), 4.10(1H, m, CHOTBS), 4.65 (2H, dt,J = 6.9, 2.9
Hz, H,C=C=), 5.20 (1H, q, J = 6.9 Hz, CH=), 6.89 (2H, d, J = 8.8 Hz, CcH4sOMe),
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727 (2H, d, J = 8.8 Hz, CsHsOMe) ; °C NMR & -4.8, -4.4, 18.1, 25.9, 34.1,
55.6,70.8, 72.1, 74.3, 85.8, 114.6, 115.2, 153.0, 153.7, 209.5 ; IR (v,em™) 2929
(CH), 1957 (=C=), 1234 (Si-CHs), 1182 (Si-0), 1049 (C-O-C), 837 (Si-0O), 985
(C-O-C) ; MS (m/z) 335 (84) (M™- H), 277 (71) (M*-C4Ho), 259 (62) ( M"-C4Ho-
H,0), 209 (100) (C10H203Si)

2-(t-Butyldimethyl
nitrate (CAN) (571 mg,
(75) (145 mg, 0.40

snlo l / -1-0l (76) : Ceric ammonium
an ice-cold solution of allene

1 ml). After 30 min, sat.

sodium bicarbonate ' ture. The mixture was filtered

evaporated. The residue
eTx@ 5 g) eluting with 10 %
1 mg 62 %). 'HNMR &

combined organic 1
was purified by flas
EtOAc : hexane to gi

0.10 (3H, s, CH3), 0.1 2.20 (2H, m, H3), 3.49
(1H,dd, J = 11.0, 6.6 Hz 1.0, 6.6 Hz, H1"), 3.80 (1H, m
=CH) ; '3CNMRj 4 -4‘6‘ 72.5, 74.5, 85.8, 209.4 ; IR
(u,em™) 3423 (QFf "=--—-----—---—-—-~——-——- (m/z) 229 (80)

(M"+ H), 171(68)@1‘(3;1 9 (100} (C3 1

1- (Trﬂhién%lelthanj{l!lgl)mxy?Z (t-!)e_‘lt;]dlﬂet?ylsﬂoxy)-hexa 4,5-
diemey( ( ¢ anhydride
R S e TR

butyldimethylsiloxy)-hexa-4,5-dien-1-ol (76) (107 mg, 0.50 mmole) in CH,Cl,
(2 ml). The solution was stirred for 1 hour. The reaction mixture was diluted with
CH,Cl,, washed with H;O, 5% HCI, dried (Na;SOy), filtered and evaporated to
give the triflate (77) as an oil (154 mg, 74 %). 'H NMR & 0.10 (6H, s, CHa),
0.98 (9H, s, r-Bu), 2.20 (1H, ddd, J = 16.8, 5.9, 2.9 Hz, H3), 2.30 (1H, ddd, J =
16.8, 5.9, 2.9 Hz, H3"), 4.05 (1H, m, CHOTBS), 4.38 (1H, dd, ] = 9.5, 6.6 Hz,
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H1), 4.41 (1H, dd, = 9.5, 5.1 Hz, HI'), 4.70 (2H, dt, J = 5.9, 2.9 Hz, HoC=C=) ,
5.10 (1H, g, J = 5.9 Hz, =CH)

1-Azido-2-(t-butyldimethylsiloxy)-hexa-4,5-diene (78) : Sodium azide
(112 mg, 1.70 mmole) was added to a solution of triflate (77) (106 mg, 0.30

mmole) in DMF (1.4 ml) at room temperature The mixture was stirred overnight,
then poured into water and ex

ﬁ tO
evaporated. Water was adk t % s extracted with hexane. The

organic layers were waame) dﬁed mm evaporated. The residue

eluting with 2% EtOAc :

'H NMR 8 0.10 (6H, s,
, dd, J = 12.8, 4.2 Hz,
1, GHOTBS), 4.70 (2H, dt, ]
. IR (v,cm™) 2957 (CH),

Ac. The organic solvent was

was purified by ﬂash
hexane to give the a
CHs;), 0.98 (9H, s,
H1),3.23 (1H, dd, J
= 5.9, 2.9 Hz, H,C=

LTI )
N-[2-(t- Butﬂdlmetﬁ 1’ )-hexa-4,5-die

(79) : Glamal acetic acid (49 pi, 0.9 O-mmoie) vas-added to a solution of azide
(78) (54 mg, 0.20 n} ole) i

Activated zinc (21 m 0.30 mmole) was added portionwise. The solution was
stirred for ? h water (Iml) and
CHyCl, (1 ﬂ} ydr uﬁﬂﬂﬁﬁﬂm io mmole) and p-
tolu ﬁim dded w1th%’water bath and
the guﬁflg ﬁﬁr ﬁiﬂeﬂiﬁr Pﬁ‘llit | with water

and extracted with CH,Cl,. The organic layers were washed (brine), dried

-toluenesulfonamide

rature with a water bath.

( Na,SOy4) and evaporated. The residue was purified by flash chromatography on
silica gel (1.5 g) eluting with 4% EtOAc : hexane to give the sulfonamide (79) as
an oil (74 mg, 63 %). 'H NMR & -0.01 3H, s, CH3), 0.01 (3H, s, CH3), 0.81
(9H, s, -Bu), 2.14 (2H, m, H3), 2.41 (3H, s Me), 2.94 (2H, m, H1), 3.78 (3H, m,
CHOTBS), 4.60 (2H, dt, J = 6.6, 2.9 Hz, H,C=C=), 495 (1H, q, J = 6.6 Hz,
CH=), 7.28 (2H, d, J = 8.1 Hz, C¢HsMe), 7.40 (1H, dd, J = 102.1, 8.1 Hz, NH),
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7.70 (2H, d, J = 8.1 Hz, CsH4Me) ; "CNMR 8 -4.9, -4.7, 17.9, 21.4,25.7, 33.9,
47.6,70.6, 74.7, 85.2, 127.0, 129.6, 136.9, 143.3,209.4 ; IR (v,cm™) 3294 (NH),
2929 (CH), 2857 (NH), 1957 (=C=), 1332 (SON), 1163 (SO:N) ; MS (m/z) 324
(100) (M'-C4Ho), 184 (24) (M*~ CyiH208i), 155 (24) (Ts), 91 (16) (PhCH:") ;
HRMS caled for CioH3,NO3SSi (M™+H) [382.1872], found [382.1873]

3-14- t—Butyldlmethlel ene-4-sulfonyl)pyrrolidin-2-yl]-but-
3-en-2-one (90) : Methyl le) was added to a solution of
sodium tetracarbonylnwgw ﬂ of j—%ﬂutlon, 0.14 mmole) in THF
at 0 °C under an atmos of car m\ e mixture was stirred for 30

min. A solution of alles

brine, dried (Na:§04) and" e‘s;a:pord ﬁ; idue.was purified by flash
:—---e-r-—,————---—-----ff,— ----;.‘-.—. Ac : hexane to give the
the trans-pyrrohdmﬁ(90)’(l .9 mg, 23 J;S Hz, -0.10 (3H, s, CHz), -
0.05 (3H, s, CH3), Oeﬁ (9H, s, t-Bu), 173 (1H, dt, 12.9, 5.5 Hz, B3}, 1.93

S N33 () L3 D
T A bRy Mg e

CéHsMe) : cis-pyrrolidine (90) (14 mg, 25%) 'HNMR & -0.10 (3H, s, CH3), -
0.05 (3H, s, CHs), 0.80 (9H, s, #-Bu), 1.55 (1H, dt, J = 13.9, 4.0 Hz, H3), 1.98
(1H, ddd, J = 13.9, 9.2, 5.5 Hz, H3'), 2.40 (3H, s, COMe), 2.48 (3H, s, ArMe),
3.36 (1H, d, J = 2.2 Hz, H5), 3.41 (1H, d, J = 1.5 Hz, H5'), 3.92 (1H, q, ] = 4.0,
CHOTBS), 4.61 (1H, dd, J = 9.2, 4.0 Hz, H2), 6.23 (1H, s, H,C=), 6.44 (1H, d, J
= 1.5 Hz, CHy=), 7.26 (2H, d, J = 8.1 Hz, C¢HsMe), 7.65 (2H, d, J = 8.1 Hz,
CsHiMe); °C NMR & -5.1, -5.0, 18.0, 21.5, 25.7, 26.4, 42.9, 56.9, 57.9, 69.9,
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126.1, 127.9, 129.6, 143.4, 149.5, 198.9 ; IR (v,em™) 2931 (CH), 1673 (C=0),
1599 (C=C), 1097 (Si-0), 837 (Si-0) ; MS (m/z) 424 (6) (M"-H), 366 (51) (M-
C.Ho), 268 (100) (M*-Ts), 136 (79) (CsHyON-H), 91 (35) (PhCH,") ; HRMS
caled for CoHzNO,SSi (M*+H) [424.1978], found [424.1984]

1-(p-Methoxybenzyloxy)-5- trimethylsilyl -pent-4-yn-2-ol (61) : A
solution of ethynyltrimethysﬂ\ v .64 mmole) in THF (1 ml) was
cooled to —78 °C. n- BuL ml, 1.64 mmole) was added ,
followed by after ?‘ m mmol). The stirring was
continued for a furt

oxide (60) (106 mg, 0.55
mmole) in THF (1

was stirred at thi , F - and enched with sat. sodium

ure at —78 °C. The reaction

bicarbonate solutio

and evaporated to give blol (6 ) as 0 mg, 100 %). 'H NMR &
0. 18(9H s, SiMes), 2.43 _d_ﬂzj : g 3), 2.48 (1H, dd, ] = 6.6, 1.5

NMR & 0.0, 25 -—:-—.—————,: ----- 02.6, 17 0.0, 113.9, 129.4, 1594 ;

IR (v,em™) 3446 (91) calzso (Si-CH3) ; MS (m/z)
292 (1) (M), 277 (20}(M -CH3), 121 (100) (CH,C¢H;OMe)

ﬂummmwmm
(5@@“1 Siiaetb ik ey (TN

instead of the alcohol (57) to give the the terminal alkyne (62) as an oil (1.2 g,
96 %). 'HNMR § 2.02 (1H,t,J=2.2 Hz, CH), 2.43 (2H, dd, J = 6.6, 2.2 Hz,
H3), 3.46 (1H, dd, J = 9.5, 6.6 Hz, H1), 3.58 (1H, dd, J = 9.5, 4.4 Hz, H1"), 3.80
(3H, s, OMe), 4.00 (1H, m, CHOH), 4.50 (2H, s, CH.CsH4sOMe), 6.88 (2H, J =
8.8 Hz, CsH4OMe), 7.25 (2H, d, J = 8.8 Hz, C¢sH4OMe) ; BCNMR § 23.5,55.2,
68.7, 70.5, 72.5, 73.1, 80.3, 113.9, 129.4, 129.9, 159.4 ; IR (u,em™) 3438 (OH),
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3288 (CH), 2955-2864 (CH), 2119 (C=C) ; MS (m/z) 219 (56) (M"+ H), 121
(100) (CH,CeH4OMe)

1-(p-Methoxybenzyloxy)-hexa-4,5-dien-2-ol (74) : The same procedure as
(75) was employed except that the alcohol alkyne (62) (1.39 g, 6.32 mmole) was
used instesd of the terminal alkyne (64) to give the allene (74) as an oil (1.33 g,

90 %). 'HNMR & 220(2H(}§W/7(1H dd, = 9.5, 7.3 Hz, H1), 3.52
(1H, dd, 1 =9.5, 3.7 Hz 90(1H, m, CHOH), 4.50 (2H,
s, CHoCsHsOMe), 4. ;@J 3, ST H,C=C=), 5.13 (1H, q, J = 7.3

Hz, CH=), 6.89 (2H, 4, ,, m::{ d, 8.8 Hz, C¢HsOMe) ;
: 74.6,&\6,\(3.5, 129.3, 129.7, 158.9,
CH), 1956 (
-t

BCNMR § 32.3,
208.9 ; IR (v,cm™ ) 3 MS (m/z) 233 (29)

(M- H), 121 (100)

2-Hydroxy-hexa-4 dleggtf-;r xybe oate (80) : 2,3-dichloro-5,6-
J‘l\

dicyano-1,4-benzoquine (DDQEI’—ZOS ;ﬁ 1 mmole) was added three equal
portions to a soluEim of aHerro”f“(’M) (1 /46 mmole) in CH,Cl, (3.3 ml) :

MeOH (1 ml) an?f -..-._;..;_:-:.-:.-;:.-_-.: ..... :,:._-. ~Nap5O7 solution was added and
the mixture was ex?cted with EtOAc

h brine. The organic layers

were dried (NaxS 4) and evaporated The residue was purified by flash
chromatogrﬂ;H\gJ ?ﬂﬂﬂiw ﬂmj hexane to give the
ester (80) a %) 2.45 (2H, m, H3),
(ﬁl ", 3.85 (3H,

R L RHRPI LAy w o LRI

5.15(1H, m, CHOH), 6.91 (2H, d, J = 8.8 Hz, C¢H4sOMe), 7.99 (2H, d, ] = 8.8 Hz,
CéHsOMe) ; P*CNMR & 30.0, 55.3, 64.2, 75.0, 76.3, 85.4, 113.6, 122.4, 131.7,
163.5, 166.3,209.3 ; IR (0,cm") 2929 (CH), 1957 (=C=) and gave the allene diol
(81) as minor product (5 mg, 10%).
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Hexa-4,5-diene-1,2-diol (81) : Lithium hydroxide monohydrate (10 mg,
0.24 mmole) was added to a solution of the ester (80) (60 mg, 0.24 mmole) in
THF (1 ml) : H,0 (1 ml) and the mixture was stirred overnight. The mixture was
extracted with EtOAc and washed with H,O and brine. The combine organic
layer was dried (Na;SOs) and evaporated. The residue was purified by flash
chromatography on silica gel (1.8 g) eluting with 30% EtOAc : hexane to give the
allene diol (81) as an oil (25mg, O%) lH NMR & 2.19 (2H, ddd, J =10.3, 7.3,
29HzH3)350(1Hde—1 H1), 3.81 (1H, dd, J = 11.0, 3.3 Hz,
H1"), 3.81(1H, m, CHOH),% 9Hz H,C=C=), 5.13 (1H, q,J
= 6.6 Hz, CH=); 13CN@23J58,:@8 85.8, 209.2; IR (v,cm™)
3377 (OH), 2922 (C S (Ml) (M*-H), 97 (100) (M-

solution of the allene diol ing, mole) in THF (2 ml) under Ny. The
adhn - il "
resultant solution was heated"aj;’:‘l:‘eﬂux gﬂ, cooled to ambient temperature,

o, M 7'

concentrated, and I_Shen purlfréﬁ‘b’y flas on silica gel (1.8 g)

eluting with 7% EtOAe-——hexane [o-give-the-eyetic-stitamidate (82) (139 mg,

=9.9,59 Hz, H4), 482 (QH, 1,1 = 66, 33Hz,_H2C =C=), 5.13 (1H, q, ] = 6.6

Hz, CH=), ﬁzﬂzﬂ fg Esj o}awﬁml)ﬂc?MR § 29.7, 61.6,

67.2, 71.2, 7518, 85.4, 126.0, 1284 128.8, 1365, 171.0 097 IR (v,em™)

”Wﬁ"fﬁﬁﬂim UAIINYA Y

(2-Hydroxy-hexa-4,5-dienyl)-carbamic acid benzyl ester (83) : The
cyclic sulfamidate (82) (139 mg, 0.45 mmole) was dissolved in a mixture of HCI
(2 M. aq.)/ dioxane (1.8 ml : 1.8 ml) and the solution was stirred overnight. The
mixture was extracted with three portions of EtOAc and washed with H,O and
brine. The combined organic layer was dried (Na;SO4) and evaporated. The

residue was purified by flash chromatography on silica gel (4.2 g) eluting with
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5% EtOAc : hexane to give the carbamate (83) (20 mg, 18%). 'HNMR & 2.45
(2H, m, H3), 3.30 (1H, ddd, J = 14.7, 7.0, 5.9 Hz, H1), 3.40 (1H, ddd, J = 14.7,
7.0, 3.8 Hz, H1"), 4.03 (1H, m, CHOH), 4.78 (2H, dt, J = 6.6, 3.3 Hz, H,C=C=),
5.17 (2H, s, CH,C¢Hs), 5.18 (1H, g, J = 6.6 Hz, CH=); BC NMR & 34.8, 46.7,
61.3, 67.0, 75.5, 85.3, 128.0, 128.2, 128.5, 136.2, 156.2,209.4 ; IR (v,em™) 3345
(OH), 2946 (CH), 1956 (=C=), 1708 (C=0), 1521 (NH) ; MS (m/z) 115 (41)
(M*-H), 97 (100) (M"-OH), 79 (85) (M -OH-H,0), 69 (70) (M"-45)

iz,

‘exa'-l 5-

syl amide (84) : p-Tosyl
of a allene (74) (105 mg,

th. The reaction mixture was

1-(p-Methoxyb
isocyanate (75 pl, 0.
0.45 mmole) in T

stirred for 1 hour : \ rated. The residue was
purified by flash chu® y on _' ica gel (3 ) ﬁltmg with 20 % EtOAc :

hexane to give allene

H3), 3.47 (1H, d, ] = 1. | (1H,s, H1"), 3.80 3H, s, OMe), 4.20 (2H,

dd, J = 18.3, 11.0 Hz, CHbCsHsOMe), 44 t, ] = 6.6, 3.7 Hz, H,C=C=),
et

4.90 (1H, g, ] = 6.6 Hz, CH‘%&:BO CHOH), 6.86 (2H, d, J = 8.1 Hz

.r -, -““I" ‘
CsHsOMe), 720jH d J'= éé 5ColiMe), 7.30 (2H, d, J = 8.1 Hz,
CsH4OMe), 7.60 (Fys; NED; 7:90-(2H5dsd=8:8 iz 8O iC¢HsMe) ; °CNMR §
21.6, 29.7, 55.2, 696, 72.8 : 6.4, 128.3, 129.5, 129.6,

1356, 1449, 1498, 1593, 209.4 5 IR (v.em’ ') 3262 (NH), 2933 (CH), 1957
E;f)"n?éﬁlﬂ)?iﬁ(ﬂﬁ mm fﬁ“ﬁéﬁ’ o
’QW’W ﬂ\‘iﬂim URIINYIAY

Hexa-4 5-dien-1-0l-2-N-tosyl carbamate (85) : The same procedure as
(76) was employed except that the allene carbamate (84) (1.36 g, 5.83 mmole)
was used instead of the allene (75) to give the allenol (85) as an oil (1.61 g, 89
%). '"HNMR & 2.30 (2H, m, H3), 2.40 (3H, s, Me), 3.58 (1H, dd, J = 12.4, 5.7
Hz, H1), 3.70 (1H, dd, J = 12.4, 3.7 Hz, HI'), 4.62 (2H, dt, J = 6.6, 3.7 Hz,
H,C=C=), 4.85 (1H, m, CHOH), 4.87 (1H, q, ] = 6.6 Hz, =CH), 7.35 (2H, d, J =
8.1 Hz, C¢HsMe), 7.92 (2H, d, J = 8.1 Hz, CsH4Me) ; BC NMR § 214, 29.1,
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62.8,75.2, 76.8, 84.4, 128.0, 129.5, 135.4, 144.8, 150.7, 209.0 ; IR (v,em™) 3520
(OH), 3246 (NH), 2903 (CH), 1957 (=C=), 1747 (C=0), 1384 (SO:N), 1162
(SO;N) ; MS (m/z) 294 (2) (M™+ H - H,0), 253 (12) (M"- C4Hs), 155 (35) (Ts),
91 (100) (PhCH,")

5-Buta-2,3-dienyl-3-(toluene-4-sulfonyl)-oxazolidin-2-one (86)
Diethylazodicarboxylate (20 p 7 W ole) was added to a solution of
carbamate (85) (30 mg, 0. N %i henylphosphine (35 mg, 0.10
mmole) in THF (1 ml@mpﬁatumz. After stirring for 1 hour,

the organic solvent d. The preabsorbed on silica gel
-eluting with 20 % EtOAc
- hexane to give th 81 %). '"HNMR & 2.40
(2H, m, CH,CH=C= s, Me =9.2, 6.6 Hz, CH,NTs),
4.13 (1H, dd, J = 4.4, 6.6 Hz,' ; : 4 m, CHOH), 4.76 (2H, dt, J =
6.6, 2.9 Hz, H,C=C5), Hylqy I =664 ). 7.40 (2H, d, ] = 8.06 Hz,

and purified by flas

CeHiMe), 7.95 (2H, d,T 8.1 HzyCallMe R § 21.6,32.6,48.6, 63.9,
732,76.1, 82.6, 128.1, 129.8,133.8, 145.6,209.4 ; IR (v.cm”) 2933 (CH), 1957

(=C=), 1790 (C=
(7) (M"- CsHy),
(14) (M*- 154), 91 (fj)

¢ o Qv
N-(Z-Q(Mx&lleQAm(ﬂlmgoﬂrﬂu’llﬁnge (87) : Lithium
hydroxi 0.16 mmole) wis added to aolution of the okdzolidinone (86)
5 B D0 b Wb ) B e s i

1 hour. The organic solvent was evaporated and the residue was extracted with

1370(SONY; 1174 - MS (m/z) 294 (6) (M*- H), 229

EtOAc. The organic layer was washed (brine), dried (Na;SO4) and evaporated to
give the sulfonamide (87) as an oil (20 mg, 98 %). 'HNMR & 2.15 (2H, m, H3),
2.40 (3H, s, Me), 2.85 (1H, ddd, J = 13.2, 7.3, 5.1 Hz, H1), 3.12 (1H, ddd, J =
13.2, 7.3, 3.7 Hz, H1"), 3.80 (1H, ddd, J = 13.2, 6.6, 2.9 Hz, CHOH), 4.71 (2H, dt,
J = 6.6, 3.7 Hz, H,C=C=), 5.06 (1H, q, J = 6.6 Hz, =CH), 7.32 (2H, d, J = 8.1 Hz,
CsHsMe), 7.75 (2H, d, J = 8.1 Hz, C¢HsMe) ; BC NMR & 21.4,33.4,47.9,69.7,
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75.0, 85.3, 126.9, 136.5, 143.3,209.1 ; IR (v,cm™) 3492 (OH), 3280 (NH), 2922
(CH), 1956 (=C=), 1321 (SO,N), 1162 (SON) ; MS (m/z) 268 (2) (M'- H), 214
(7) (M'- C4Hs), 184 (12) (CH,NHTS), 155 (38) (Ts), 139 (17) (M- 128), 91 (100)
(PhCH,") ; HRMS calcd for C13HisNO3 (M'+H) [268.1007], found [268.1009]

Methyl-2-[4-Hydroxy-1- (toluene -4-sulfonyl)-pyrrolidin-2-yl]-acrylate
(92) : A mixture of allene (87) ({4\ EE; mmole), PdCl, (4 mg, 0.02 mmole)
and CuCl, (104 mg, 0.61 ﬂm[&) in ml) was stirred under carbon
monoxide until colour change from ,gree@ The mixture was filtered

through celite and evamr—r : _ml turemm_%;eby flash chromatography
on silica gel (1.62 i I OAé.\mto give the pyrrolidines
ot 'H 5 2.12 (2H, dddd, J =

(92) as an 0il 37 n

13.4,8.0,3.7, 1.7H (3H, s, Me

3.43 (1H, ddd, J = 4 \ (‘351, s, OMe), 4.34 (1H, m,
CHOH), 4.70 (1H, t, ] #7.§ Hz, CHNTSs),. ,t, J = 1.0 Hz, H,C=), 6.32
(IH, s, CHr), 7.32 CHfd, L&R 1 HsMe), 7.74 (2H, d, J = 8.1 Hz,
CeHsMe) : the minor product:- :";I:LNM 95 (2H, ddd, J = 15.7, 102, 5.8 Hz,
H3), 2.43 3H, s,%e),z,.ar(ti{;&uf@ﬁs 1z, H5), 3.30 (1H, dd, J = 10.7,
4.8 Hz, H5"), 3,7? (3H, s, OMie), 4.18 (11, m, CLHOI), 4.70 (1H,t,J =17.5 Hz,
CHNTs), 6.08 (lH,f“J = 1.0 Hz, H,C=) 1S, BC=), 7.32 (2H, d, T = 8.1
Hz, CsHsMe), 774‘(%}1 d,J=8.1 Hz, C6H5Me) MR & 21.0,21.5,41.2,

419, 518, ﬁﬂ%j ?nﬁ ﬂ(ﬁﬁﬁﬂ( 71?],226 2, 127.0, 129.5,
129.7, 134. 40 (OH), 2949 (CH),
QT fAEAIN AN AN M
gl
(M*- Ts-H,0), 92 (100) (PhCH,"+ H) ; HRMS caled for CisHoNOs (M'+H)
[326.1062], found [326.1060]

Methyl-2-[4-(-t-Butyldimethylsiloxy)-1-(p-toluenesulfonyl)-pyrrolidin-
2-yl]-acrylate (93) : The same procedure as (64) was employed except that the
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hydroxy pyrrolidine (92) (113 mg, 0.33 mmole) was used instead of the terminal
alkyne (58) to give the silyl ether (93) as an oil (142 mg, 98 %). 'HNMR &
-0.10 (6H, s, CH3), 0.70 (9H, s, #-Bu), 1.91 (1H, t, J = 5.1 Hz, H3), 2.40 (3H, s,
Me), 3.18 (1H, dd, J = 10.2, 4.4 Hz, H3"), 3.69 (1H, dd, J = 4.4, 2.9 Hz, H5), 3.70
(1H, t, J = 2.9 Hz, HS'), 4.60 (1H,t, J = 7.3 Hz, CHNTs), 3.80 (1H, s, OMe),
4.23 (1H, m, CHOTBS), 4.60 (1H, t, ] = 7.32 Hz, CHNTs), 6.01 (1H, s, H.C=),
6.38 (1H, s, H,C=), 7.30 (2H, d, J = 8.1 Hz, C¢H4Me), 7.70 (2H, d, ] = 8.1 Hz,
Ce¢HsMe); PC NMR § -5.2, \\y/l 17.8, 20.9, 21.3, 25.5, 25.6, 41.3,
424, 51.7, 56.5, 56.7, 58. S\l% %.O, 126.8, 127.3, 127.6, 129.5,
129.6, 137.0, 140.8, 1433546610 ; IR (\)Qﬁl (CH), 1718 (C=0), 1599
(C=C), 1348 (SOzN)( ‘ : 0 (C-0-C), 927 (C-0O-C)
MS (m/z) 328 (100) 7Hy

pyrrolidine (93) (140 mg, 0. ﬁﬁfmol, __— 0 : water (0.6:0.6 ml) and the
mixture was Stme& ovemxgﬁt"S#JNizm ded the mixture. The mixture

- ers were dried (NazSOy),

washed with H,O a g
agel (4.2 g) eluting with

evaporated and purified by flash chromatography on si!

TN
A AR A

7.30 (2H, d, J = 8.3 Hz, C¢HiMe), 7.74 (2H, d, J = 8.3 Hz, CsHsMe); °C NMR &
5.2, -5.1, 21.4, 25.4, 39.7, 52.9, 62.8, 70.6, 70.7, 127.6, 127.7, 129.6, 129.7,
133.9, 1143.8, 161.2, 191.7; IR (v,cm™) 2954 (CH), 1733 (C=0), 1349 (SO:N),
1255 (SiMe), 1162 (SO,N), 1089 (C-O-C), 920 (C-O-C); MS (m/z) 442 (1) (M-
H), 384 (50) (M*- C4Hy), 354 (100) (M"- C3H303), 222 (76) ( C11H130,NSH- H),
155 (14) (Ts) ; HRMS caled for CyoH3NOgSSi (M™+H) [442.1720], found
[442.1718]
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Methyl-2-[4-(¢-Butyldimethylsilyloxy)-1-(toluene-4-sulfonyl)-pyrrolidin-
2-yl]-2-hydroxy-but-3-enoate (95+96) : Vinyl magnesium chloride solution in
THF (75 pl, 0.13 mmole ) was added dropwise to a solution of a-ketoester (94)
(56 mg, 0.13 mmole) in THF (1 ml) at —78 °C. The mixture was stirred for 10 min
and then acidified with amberlite IRC 86, warmed to room temperature, filtered
and evaporated. The residue was purified by flash chromatography on silica gel
(1.68g) eluting with 5% EtOAc : hexane to give pyrrolidines (95+96) , as a
yellow solid (56 mg, 95%). C ; '"H NMR & -0.10 ( 6H, s, CHs),
0.70 (9H, s, t-Bu), 2.04 ( 6,.3.6 Hz ,H3), 2.40 (3H, s, Me),
3.24 (1H, dd, J = 11.0 64 (2Haddsd = 11.0, 5.8 Hz, H5), 3.80

(3H, s, OMe), 4.20 W | {7 CLINTS), 4.40 (1H, m, CHOTBS),
52 (IH, dd, J = 16" ' dd, J = 16.8, 102 Hz,
\

CH=CH,), 7.30 (2 d, J = 8.3 Hz, C¢HsMe);
3C NMR § -5.0, 1 5.8, 58.3, 62.9, 64.4, 69.7,
712, 80.3, 116.7, 12 1@' 135.3,,143.5, 173.5; IR (v,em™)
3501 (OH), 2954 (CH)17 f‘ ' ), 1337 (SO;N), 1255 (Si-CHj),
1212 (SO;N); MS (m/z) -nf- FOHYR412 (9) (M'- CqHo), 354 (100) (M-

TBS), 222 (44) (C”H1302N -—- 155 (11) (Ts), 91 (9) (PhCH,") ; Found C
.“u..r
56.42 %, H 7.61 %, N-2:98" %, C5HssNOg ires.C 56.26 %, H 7.51 %, N

2.98 %
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