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Oxi dative cyclizations of diols derived from 1, 5-di enes:
formati on of enantiopure cis-tetrahydrofurans using
catalytic osmumtetroxide and a formal synthesis of (+)-
ci s-solamn

Ti mot hy J. Donohoe” and Sam Butterworth

1) General procedures

Regi osel ective asymmetric di hydroxyl ati on of dienes

A stirred solution of diene (1 mml), ligand (0.02 mml), potassium
ferricyanide (2 mmol), potassium carbonate (2 mmol) and nethane
sul fonamde (1 mml) in 'BuOH/ HO (1:1, 30 cn?) at 0 °C was treated
W th potasslioum osmate (0.02 mmol) and stirred at 8O °C until the
reaction was judged to have reached conpletion by TLC or no further
oxi dation was observed by TLC (c. a. 24 h), when the reaction was
treated wth sat. Na,SOya.q and stirred for 30 mn. The reaction
m xture was extracted with EtOAc (3 x 30 cn?), dried over Na,SOQ, and
concentrated. The conpound was then purified as specified. The
absol ute stereochem stry of the products was assigned according to
t he Shar pl ess mmenoni c.

Diol cyclization to give enantiopure THFs

A solution of the diol (1 mml) in 9:1 acetone:water (20 cnt) and
trifluoroacetic acid (10 cn?) was treated with trinethylam ne N-oxide
(5 mmol) and cyclohexene (5 mmol) [or isoprene (5 mmol) as
specified] followed by osmumtetroxide (0.05 mml) and stirred at
RT until no diol was observed by TLC (typically 24 h). The reaction
m xture was then basified with 40% NaOH solution saturated wth
NaCl, and queched with sodium sulfite (0.1 mml). After stirring for
1 hour the resultant solution was poured onto H0 (50 cn?) and
extracted into EtOAc (3 x 100 cn?), dried over Na,SO, and
concentrated. The conmpound was then purified as specified.



HPLC anal ysis was carried out using a Water 600E system controller,
a Waters Photodiode Array detector and a Daicel Chiral pak AD col um
using heptane - 30% ethanol-heptane as the nobile phase.
Enantioneric excesses of diols and/or THFs were neasured against a

racem c sanple, prepared fromthe correspondi ng 1, 5-di ene.

2) Experinental details

(2E) - 1- Benzyl oxy- 3, 7- di net hyl - oct a- 2, 6- di ene 1!

A stirred solution of geraniol (2.2 cn?, 13 mml) in dry THF (50 cn?)
under argon at 0 °C was treated with sodium hydride (60% di spersion
in mneral oil, 750 ng, 19 mmol) followed by benzyl bromnide (2.3 cn?,
19 mol ). After 20 hours the reaction m xture was quenched with sat.
NH,Cl () (20 cn?), extracted into Et,O (2 x 30 cn?f), dried over MySQ,,
and concentrated to a yellow oil. Purification by colum
chromat ogr aphy (petrol — 5% Et,O petrol) yielded the benzyl ether 1
(1.8 g, 569%9 as an oil.

'H NWVR dy (400 MHz, CDO ;) 7.37-7.27 (m 5H, 5 x ArCH), 5.45-5.38 (m
1H, CHCH,OBn), 5.15-5.07 (m 1H, (CHs),C=CH), 4.51 (s, 2H CH,Ph),
4.06-4.02 (m 2H, CHOBn), 2.17-2.00 (m 4H, CHCH), 1.69 (s, 3H,
CH;), 1.65 (s, 3H, CHs), 1.61 (s, 3H CH;); *C NWR dc (100 MHz, CDd ;)
140. 4, 128.3, 127.8, 127.5, 124.0, 120.8, 71.9, 66.6, 39.6, 26.4,
25.7, 17.7, 16.4; MS mz (Cl+) 262 (81% M\H,"), 154 (60% MH," -
OBn), 137 (100% MOBn); HRMS C;HgNO requires M 262.2171. Found
(MNH,Y) 262.2182 (+4.2 ppm).

(R E)-8-(Benzyl oxy) - 2, 6-di net hyl oct - 6-ene-2, 3-diol 3

CGeraniol benzyl ether 1 (5.9 g, 24 mmvl) was subjected to standard
conditions for asymmetric di hydroxyl ation of dienes using (DHQD) ,PHAL
to give crude material Purification by colum chromatography (20%
acetone/petrol) yielded diol 3 (5.8 g, 87% as an oil.

[a]p?® 18 (¢ = 1, CHO,); 'H NWR dy (400 MHz, CDOl3) 7.36-7.27 (m
5H, 5 x ArCH), 5.48-5.45 (m 1H, C=CH), 4.53-4.51 (m 2H, G+LPh),
4.04 (d, 2H, J 6.8, GL,OBn), 3.35 (dd, 1H, J 10.4 and 2.0, CHOH),
2.32 (ddd, 1H, J 14.8, 9.6 and 5.2, LC(CH)=CH), 2.20 (m 2H, 2 x



OH), 2.12 (ddd, 1H, J 14.8, 9.2 and 6.8, CH,C(CH)=CH), 1.70-1.58 (m
4H, CH,C=CH and CH,CHOH), 1.50-1.40 (m 1H, CH,CHOH), 1.20 (s, 3H,
CHO(CHg) OH), 1.16 (s, 3H, GLC(CH)OH); *°C NWVR dc (100 MHz, CDd 3)
140.2, 138.4, 128.3, 127.8, 127.6, 121.2, 78.1, 73.0, 72.2, 66.5,
36.6, 29.5, 26.5, 23.2, 16.5.

2-{(2R 59)-5-[(S)-2-(Benzyl oxy) - 1- hydr oxyet hyl ] - 5- net hyl -

t et rahydr of uran- 2-yl } propan-2-ol (-) 2

Cerani ol benzyl ether diol 3 (200 ng, 0.72 mml) was subjected to
standard diol cyclization conditions to give the crude product as a
br own oi l. Purification by col um chr omat ogr aphy (10%
acetone/petrol) vyielded cis-THF 2 (176 ng, 83% as an off white
sol i d.

mp 94-95 °C; [a]p®® -7.6 (c = 0.5, CHC,); H NWR dy (400 MHz, CDO »)
7.39-7.29 (m 5H, 5 x ArCH), 4.60 (d, 1H, J 12.0, G%LPh), 4.56 (d,
1H, J 12.0, CHPh), 3.85 (t, 1H, J 7.2, THF CH), 3.75 (dd, 1H, J 8.4
and 3.2, CHOH), 3.67 (dd, 1H, J 9.2 and 3.2, CHOHCH;), 3.58 (dd, 1H,
J 9.2 and 8.4, CHOHCH,), 2.63 (br s, 2H, 2 x H), 2.24 (ddd, 1H, J
12.4, 8.8 and 6.4, C(3)H,), 2.06-1.87 (m 2H, C(4)H,), 1.62 (ddd, 1H,
J 12.4, 8.4 and 6.8), 1.23 (s, 3H, %), 1.16 (s, 3H, C&), 1.10 (s,
3H, O&%); C NWR dc (100 MHz, CDOl ;) 137.9, 128.5, 127.8, 85.8, 83.9,
75.4, 73.5, 71.8, 71.2, 35.1, 29.7, 27.8, 26.3, 25.0, 23.3; M5 niz
(ES-) 292 (58% MH), 153 (100%; HRMS C/HsO*Na requires M
317.1729. Found (MNa*) 317.1729 (-0.1 ppm; IR nmx (filnm/cm?® 3400
(br), 1071.

Schene for the synthesis of 4
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(E) - Tetradec-5-en-9-yne

Freshly distilled ammnia (200 cnt) was distilled onto sodium (2.0 g,
87 mml) at - 78 °C The dark blue solution was stirred for a
further 30 mnutes then treated wth a solution of 5, 9-
tetradecadiyne (2.8 g, 15 mml) in THF (10 cn?). The resultant
solution was stirred at - 78 °C for 1 hour before quenching with sat.
NH,Cl (aqy (10 cnf). On warnming to room tenperature the biphasic
m xture was extracted with petrol (3 x 15 cnf) and the organics
conbi ned, dried over MJSO, and concentrated onto silica. Purification
by colum chromat ography (petrol) yielded the alkene (2.1 g, 75% as

an oil.

'H NMR dy (400 MHz, CDCl;) 5.51-5.41 (m 2H, GECH), 2.22-2.12 (m
6H, CH,- CC-CH,CH,), 2.03-1.97 (m 2H, CH,CH=CH), 1.50-1.27 (m 8H, 2 x
CH,CH,CH;), 0.93-0.88 (m 6H 2 x CH); C NWR dc (100 MHz, CDd 3)
131.6, 128.5, 80.5, 79.7, 32.3, 32.2, 31.7, 31.2, 22.1, 21.9, 19.3,
18.4, 13.9, 13.6; Ms mz (Fl+) 192 (100% M), 149 (98% M-
CH,CH,CH;), 136 (65%; HRVMS Ci4H,s requires M 192.1878. Found (M)
192.1885 (+3.8 ppm; IR nmy (film/cm?! 2958, 2929.

(5R, 6R) - Tetradec-9-yne-5,6-diol 4

To a stirred solution of (E)-tetradec-5-en-9-yne (1.0 g, 5.2 mmol),
potassium ferricyanide (5.75 g, 15 mmol), potassium carbonate (2.2
g, 15 mmol), (DHQD),PHAL (81 ng, 0.10 nmol) and nethane sul f onam de
(0.50 g, 5.2 mml) in 1:1 '‘BuOH H,0 (80 cn?) at 0 °C was added



pot assi um osmate (34 ng, 0.10 nmol). Stirring was continued until no
starting al kene was observed by TLC (20 hr) and the reaction was
quenched by addition of sat. Na,SOsaq, (50 cn?) extracted into EtQOAc
(3 x 100 cn?) and the organics conbined, dried over Na,SO, and
concentr at ed. Purification by col um chr omat ogr aphy (10%
acetone/petrol) yielded the alkyne diol (1.1 g, 95% as an oil.

A stirred solution of (5R 6R)-tetradec-9-yne-5,6-diol (250 ngy, 1.1

mml) in ethanol (15 cn?) was treated with Lindlars catalyst (10 ng)
and evacuated under high vacuum and filled with argon (x 5) followed
by evacuation and filling with hydrogen (x 5). The suspension was
vigorously stirred under hydrogen (1 atm for 4 hours then carefully
filtered through celite and the plug washed wth nethanol (3 x 20
cn?). Concentration of the solution gave the cis-alkene 4 (260 ng,
quant.) as an oil.

[a] p*° 18.4 (¢ =1, CH,A,); *H NWR dy (400 MHz, CDCl;) 5.45-5.34 (m
2H, CH=CH), 3.47-3.40 (m 2H, CHOHCHOH), 2.28-1.19 (m 6H,
CH,CH=CHCH, and 2 x OH), 1.59-1.30 (m 12H, CH;CH,CH,CH,CHOH, CH(COH)CH,
and OHCH,CH;), 0.95-0.89 (m 6H 2 x OH); ¥C NWR dc (100 MHz, CDd »)
130.9, 128.9, 74.5, 74.2, 33.5, 33.3, 31.9, 27.8, 26.9, 23.4, 22.7,
22.3, 14.0, 14.0; M5 mz (Cl+) 211 (100% MOH); HRVMS CyiHsNO,
requires M 246.2433. Found (MH,") 246.2422 (-4.6 ppm; IR Ny
(film/cm?' 3381 (br), 3006, 2957, 2931, 2860.

('R 1"R, 2S,5R)-2- (1" - Hydroxypentyl ) -5- (1" - hydroxypentyl) -
terahydrofuran 5

Tetradecene diol 4 (200 ng, 0.88 mmol) was subjected to standard
diol <cyclization conditions using cyclohexene to give the crude
product as a brown oil. Purification by colum chromatography (10%
acetone/petrol) yielded cis-THF 5 (152 ng, 71% as a pale brown oil.
[a] p?° 19.0 (¢ =1, CHCO,); *H NMR dy (400 MHz, CDO3) 3.29 (td, 1H, J
6.8 and 3.2, OCHCHOH), 3.86-3.80 (m 2H, OCHCHOH), 3.48-3.41 (m 1H,
CHOH), 2.37 (br s, 2H, 2 x CH), 2.00-1.91 (m 2H, THF CHCH,), 1.84-
1.71 (m 2H, THF GL,CH,), 1.54-1.28 (m 12H, 2 x GLCH,CH,CH;), 0.92
(t, 6H, J 7.2, 2 x CHy); C NWR dc (100 MHz, CDCl ;) 82.7, 82.2, 74.4,
72.3, 33.9, 32.8, 28.4, 28.1, 27.9, 24.3, 22.7, 22.7, 14.0, 14.0; M



mz (ES+) 267 (100% MNa"); HRMS CyH,sO;Na requires M 267.1936.
Found (MNa*) 267.1928 (-3.1 ppm; IR Ny (film/cm? 3387 (br), 2932.

Schene for the synthesis of 6
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(R -7-(But-1"-an-3",4'-diol)-1,4-dithia-spiro[4.5] dec-6-ene
7-(4 -But-1'-enyl)-1,4-dithia-spiro[4.5]dec-6-ene® (1.3 g, 5.8 mmol)
was subjected to standard conditions for asymetric dihydroxylation
of dienes using (DHQ),PYR to give crude material. Purification by
col um chromat ography (20% acetone/ petrol) yielded diol (1.4 g, 94%
as an oil.
[a]p®® 3.7 (c = 1, CHO,); 'H NWR dy (400 MHz, CDCl ;) 5.55 (s, 1H,
C=CH), 3.84-3.76 (m 2H, 2 x OH), 3.62-3.55 (m 2H, CH(COH)CH,),
3.39-3.23 (m 5H, 1 x H,OH and SCH,CH,S), 2.10-1.87 (m 6H, CH=CCH,
and CL,CHCH), 1.76-1.63 (m 2H, CH,CH,CH), 1.48 (dd, 2H, J 14.4 and
7.6, QHLCHOH); '°C NMR dc (100 MHz, CDd ;) 139.3, 126.2, 71.8, 66.6,
65.7, 41.3, 39.9, 33.3, 30.7, 29.6, 27.6, 22.7; M5 mz (ES+) 319
(100% MMeCN+NH,"); HRMBS C;poH1OS, requires M 261.0983. Found (MHY)

261.0979 (-1.5 ppm; IR Ny (film/cm? 3375 (br), 2923,

(R-4-[2"-(1",4"-Dithia-spiro[4.5]oct-6-en-7-yl)ethyl]-2,2-di nethyl -
1, 3-di oxol ane

To a stirred solution of (R -7-(but-1'"-an-3",4'-diol)-1,4-dithia-
spiro[4.5]dec-6-ene (500 ng, 1.9 mmol) and canphor sulfonic acid (44
mg, 0.19 mmol) in DVF (4 cn?) at 20 °C was added 2 nethoxypropene



(0.36 cn?, 3.8 nmol ). After stirring for 2 hours the reaction mxture
was poured onto a mixture of Et,0 (40 cnf) and sat. NaHCO.q (20
cn?), shaken and the organic phase washed with HO (4 x 40 cm),
dried over MSO, and concentrated Purification by colum
chromat ography (10% Et,O petrol) vyielded the acetonide (520 ng, 90%
as an oil.

[a] p° 10.2 (¢ = 1, CHO,); 'H NWR dy (400 MHz, CDd ;) 5.60 (s, 1H,
C=CH), 4.09-4.02 (m 2H, CH( OR) CH,OR) , 3.50-3.49 (m 1H,
CH(OR) CH,OR), 3.41-3.28 (m 4H, SCH,CH,S), 2.18-1.93 (m 6H CH,CH,CH,
and CH=CCH,), 1.83-1.55 (m 4H, CH,CH,CH, and GHCHOR), 1.41 (s, 3H,
CHy), 1.36 (s, 3H CHy); *C NWR dc (100 MHz, CDO ;) 138.9, 126.4,
108.7, 95.7, 75.7, 65.7, 41.4, 39.9, 33.4, 31.4, 27.7, 26.9, 25.7,
22.7;, M5 mz (Cl+) 301 (100% MH); HRMS CisH:s0S, requires M
301.1296. Found (MHY) 301.1301 (+1.8 ppm; IR Ny (film/cm?! 2928.

(R)-4-(2-cycl ohexenyl et hyl ) -2, 2-di net hyl -1, 3- di oxol ane 6

Freshly distilled ammonia (100 cn?’) was distilled onto sodium (150
my, 6.5 nmmol) at - 78 °C. The dark blue solution was stirred for a
further 30 mnutes then treated with a solution of (R-4-[2"-(1",4"-
dithia-spiro[4.5]oct-6-en-7-yl)ethyl]-2,2-dinmethyl-1, 3-di oxol ane

(500 ng, 1.7 mmol) in THF (10 cn?¥). The resultant solution was
stirred at - 78 °C for 40 ninutes before quenching with sat. NHC (4
(20 cnm?). On warming to room tenperature the biphasic mixture was
extracted with Et,O (3 x 15 cnf) and the organics conbi ned, washed
with NaOH.q,(1 M 20 cnf)dried over MJSO, and concentrated onto
silica. Purification by colum chromatography (5% Et,O petrol)
yi el ded the acetonide 6 (315 ng, 90% as an oil.

[a] p?° 12.7 (¢ = 1, CHO,); *H NWR dy (400 MHz, CDCl3) 5.43-5.41 (m
1H, C=CH), 4.10-4.03 (m 2H, HORCHOR), 3.55-3.49 (m 1H, ,OR),
2.08-1.89 (m 6H, CHCH,CH,CH, and CH=CCH,), 1.82-1.73 (m 1H,
CH,CHOR), 1.65-1.52 (m 5H, CHCH,CH,CH, and 1 x CH,CHOR), 1.42 (s,
3H, O%), 1.36 (s, 3H, O); *°C NWR dc (100 MHz, CDO ;) 136.9, 121.2,
108.5, 75.9, 69.4, 34.0, 31.7, 28.3, 26.9, 25.8, 25.2, 22.9, 22.5;
M5 mfz (Cl+) 211 (100% MH), 153 (98% MH-acetone); HRME Ci3H:O



requires M 211.1698. Found (Md) 211.1695 (-1.7 ppm; IR Ny
(film/cm? 2932,

(2R, 5S, 6S) - 2- Hydr oxynet hyl - 1- oxa- spi ro[ 4. 5] decan-6-ol 7

Acetonide 6 (100 ng, 0.48 mol) was subjected to standard diol
cyclization conditions using isoprene to give the crude product as a
br own oi l. Purification by col um chr omat ogr aphy (10%
acetone/petrol) yielded cis-THF 7 (72 ng, 67% as a colourless oil.
[a] p?° 2.3 (¢ =1, CHO,) H NWR dy (400 MHz, CDCl3) 4.13 (tdd, 1H, J
6.8, 4.4 and 2.8, GCH,OH), 3.79 (dd, 1H, J 11.6 and 2.8, ¢,0H),
3.51 (dd, 1H, J 11.6 and 4.4, CHOH), 3.42 (d, 1H, J 8.0 and 4.8,
CHOH), 3.13 (br s, 2H, 2 x OH), 2.11 (ddd, 1H, J 12.4, 8.4 and 6.0,
C(4)H), 1.95-1.86 (m 2H, C(3)H,), 1.84-1.78 (m 1H, C(10)H,), 1.69-
1.59 (m 4H, C(7)H, 1 x C(4)H, and 1 x C(9)H,), 1.57-1.49 (m 1H,
C(9H), 1.40-1.21 (m 3H 1 x C(10)H, and C(8)H,); *C NWR dc (100
MHz, CDOl ;) 85.2, 79.0, 74.1, 65.0, 35.4, 34.6, 31.6, 27.3, 22.8,
22.4; Ms mz (Cl+) 204 (100% M\H,"), 187 (40% MH), 169 (59% MOH
); HRMB CjoHioO; requires M 187.1334. Found (MdY) 187.1338 (+2.2
ppm; IR nm (film/cm? 3373 (br), 1078.

(3S) - 3- (Benzyl oxy) hexa- 1, 5-di ene

To a stirred solution of (+)-B-allyldiisopinocanpheyl borane (assuned
25 mmol, prepared by the procedure of Brown et al.)® in Et,O (10 cn?)
at -100 °C was slowy added a solution of acrolein (1.1 g, 20 nmol)
in Et,O (10 cn?) pre-cooled to -78 °C. The resulting solution was
stirred at -100 °C for 30 minutes before quenching with MeOH (1 cn?)
and warnming to 20 °C, then treating with a mixture of NaOH,, (3 M
10 cn?) and 30% HO, (20 cn?) (CARE — vigorous gas evolution causes
reaction to foam on addition and during early stages of the
subsequent reflux, necessitating the use of a colum reservoir
attached to the top of the reflux condenser to stop overflow ng) and
heating at reflux for 3 hours. On cooling the reaction was diluted
with Et,O (50 cn?) and the organic |ayer separated, washed with HO
(20 cnB), dried over MySO, and concentrated to 20 cn? under a |ow



vacuum Wth stirring, this solution was then treated with sodium
hydride 60% dispersion in mneral oil, 2.0 g, 50 nmmwl) and
tetrabutyl ammoni um iodide (10 ng) followed by benzyl bromde (3.3
cn?, 50 mmol ). After 20 hours the reaction mxture was quenched with
NH,Cl (aq) (20 cn?), extracted into Et,O (2 x 30 cnf), dried over MySQ,
and concentrated to a yellow oil which was purified by colum
chromat ography (petrol - 5% Et,O petrol) to yield the benzyl ether
(1.1 g, 30% as an oil.

'H NMR dy (400 MHz, CDCl3) 7.36-7.20 (m 5H, 5 x ArCH), 5.94-5.67 (m
2H, 2 x CH=CH,), 5.28-5.04 (m 4H, CH=CH,), 4.63 (d, 1H, J 24.4,
CH,Ph), 4.39 (d, 1H, J 24.4, Q%Ph), 3.87-3.77 (m 1H, COBn), 2.52-
2.45 (m 2H, CH,CHOBn); ¥C NWR dc (100 MHz, CDO ;) 138.6, 138.4,
134.6, 128.3, 127.7, 127.4, 117.4, 116.9, 80.0, 70.0, 40.0; M5 niz
(Cl+) 206 (87% M\H,"), 108 (62%, 91 (100% tol"); HRVMS C3H,xNO
requires M 206.1545. Found (MH,") 206.1551 (+2.8 ppm; IR Ny
(film/cm?! 3120, 1643, 1077.

(2S, 4S) - 4- (Benzyl oxy) hex-5-ene-1, 2-di ol 8

(3S)-3-(Benzyl oxy) hexa-1,5-diene (400 ng, 2.1 mol) was subjected
to standard conditions for asymmetric dihydroxylation of dienes
using (DHQ.PYR to give crude material. Purification by colum
chromat ography (20% acetone/petrol) yielded diol 8 (2:1 m xture of
i nsepar abl e di astereoi soners with 10, 410 ng, 87% as an oil.

'H NMR dy (400 MHz, CDOl3) 7.37-7.27 (m 5H, 5 x ArCH), 5.82 (dddd,
1H, J 18.0, 10.4, 7.6 and 0.8, CH=CH,), 5.32-5.27 (m 2H, CH=CH,),
4.62 (d, 1H, J 11.6, ChPh), 4.33 (d, 1H J 11.6, ChLPh), 4.12-4.03
(m 1H, CHOBn), 3.99 (ddd, 1H, J 12.0, 7.2 and 3.6, CHOH), 3.59 (dd,
1H, J 11.2 and 3.2, GL,OH), 3.44 (dd, 1H, J 11.2 and 7.2, LOH),
2.97 (br s, 2H, 2 x ), 1.77-1.66 (m 2H, GLCH(OBn)); ¥BC NWR dc
(100 MHz, CDCl3) 138.1, 137.9, 128.5, 127.9, 127.8, 117.4, 77.7,
70.5, 69.0, 66.8, 38.4; Ms mz (ES+) 281 (91% MMCN+NH;"), 245
(100% MNa%); HRMB Ci3HioO; requires M 223.1334. Found (MH) 223.1340
(+2.7 ppm; IR nuy (film/cm?! 3396 (br), 2922, 1069.

(2S, 3S, 59) - 3- (Benzyl oxy) - 2, 5- bi s- hydroxynet hyl -tetrahydrofuran (+)-9



(S, S)-Benzyl oxyhexene diol 8 (200 ng, 0.90 mml- 2:1 mxture with
10) was subjected to standard diol «cyclization conditions using
i soprene to give the crude product as a brown oil. Purification by
columm chromat ography (20% acetone/petrol) vyielded the wundesired
cis/cis-THF 10 (54 nmg, 26% as an oil followed by the-THF 11 (96 ny,
68% from t he desired diastereoi soner) as an oil.

[a]p?® +7.7 (¢ =1, CHO,); H NWR dy (400 MHz, CDO ;) 7.36-7.27 (m
5H, 5 x ArCH), 4.60 (d, 1H, J 12.0, G&LPh), 4.39 (d, 1H, J 12.0,
CHPh), 4.23 (ddd, 1H, J 7.6, 5.2 and 4.0, C4i0Bn), 4.10 (dddd, 1H, J
7.6, 7.6, 4.8 and 2.4, HOCH,CHCH,) 3.96 (td, 1H, J 5.2 and 3.6,
CH( OBn) CHCH,OH), 3.89 (dd, 1H, J 12.0 and 3.2, CH(OBn)CHCH,OH)), 3.82
(dd, 1H, J 12.0 and 3.6, CH(OBn)CHCH,OH)), 3.76 (dd, 1H, J 11.6 and
2.4, HOCH,CHCH,), 3.59 (dd, 1H, J 11.6 and 4.8, HOCH,CHCH,), 3.20 (br
s, 2H, 2 x OH), 2.17 (ddd, 1H, J 13.2, 7.6 and 6.4, CH,CH(OBn)), 1.99
(ddd, 1H, J 13.2, 7.6 and 4.0, CH,CH(OBn)); ¥C NWR dc (100 Mz,
cbhdl ;) 137.5, 128.5, 127.9, 127.6, 81.5, 79.8, 78.5, 71.5, 62.0,
33.2; M5 mz (ES+) 261 (100% MNa"); HRMS Ci3sHigOr requires M
239.1283. Found (MHY) 239.1277 (-2.9 ppm); IR nmx (film/cm?! 3387
(br), 2934 and 1054.

(2R, 4S) - 4- (Benzyl oxy) hex-5-ene-1, 2-di ol 10

(3S) - 3-(Benzyl oxy) hexa-1, 5-di ene (400 ng, 2.1 mmol) was subjected to
standard conditions for asymetric dihydroxylation of dienes using
(DHQ),PYR to give crude nmaterial. Purification by colum
chromat ography (20% acetone/petrol) yielded diol 10 (4:1 mxture of
i nsepar abl e di astereoners with 8, 430 ng, 92% as an oil.

'H NMR dy (400 MHz, CDO ;) 7.37-7.27 (m 5H 5 x ArCH), 5.76 (ddd,
1H, J 18.0, 10.4 and 8.4, CH=CH,), 5.30-5.26 (m 2H, CH=CH,), 4.63
(d, 1H, J 11.6, QLPh), 4.37 (d, 1H J 11.6, Q+4Ph), 4.10-4.03 (m
1H, CHOBn), 3.89 (dddd, 1H, J 9.2, 6.0, 3.6 and 2.4, CHOH), 3.56
(dd, 1H, J 10.8 and 3.6, CHOH), 3.45 (dd, 1H, J 10.8 and 6.0,
CH,OH), 3.04 (br s, 2H 2 x OH), 1.85 (dt, 1H, J 14.8 and 9.2,
CH,CH(OBn)), 1.62 (ddd, 1H, J 14.8, 4.0 and 2.4, CHCH(OBn)); **C NMR

de (100 MHz, CDOl;) 137.8, 137.7, 128.5, 128.0, 127.9, 118.1, 80.4,
71.2, 70.2, 66.6, 38.2; M5 mz (ES+) 281 (100% MMeCN#NH,"), 245



(98% M\a*); HRMB CisHioO; requires M 223.1334. Found (MH) 223.1326
(-3.7 ppm: IR nmx (film/cm! 3406 (br), 2923, 1069.

(2R, 3S, 5R) - 3- (Benzyl oxy) - 2, 5- bi s- hydr oxynet hyl -t et rahydrof uran 11

(R S)-Benzyl oxyhexene diol 10 (200 ng, 0.90 mmol) was subjected to
standard diol <cyclization conditions wusing isoprene to give the
crude product as a brown oil. Purification by columm chromatography
(20% acetone/petrol) yielded THF 11 (130 ng, 76% from the desired
di astereoner) as an oil followed by the undesired THF 9 (27 ng, 12%
as an oil.

[a] p° +21.8 (¢ = 1, CHA,); H NWR dy (400 MHz, CDCl3) 7.36-7.26 (m
5H 5 x ArCH), 4.55 (d, 1H, J 12.0, G&LPh), 4.49 (d, 1H, J 12.0,
CH,Ph) , 4.32-4.26 (m 1H, HOCH,CHCH,) , 4.01-4.05 (m 2H,
CH( OBn) CHCH,OH), 3.85 (dd, 1H, J 12.0 and 2.4, HOCH,CHCH;), 3.85 (dd,
1H, J 12.0 and 2.4, HOCH,CHCH,), 3.77 (dd, 1H, J 11.6 and 3.2,
HOCH,CHCH( OBn) ), 3.70 (br s, 2H, 2 x ), 3.56 (dd, 1H, J 12.0 and
4.0, HOCH,CHCH,), 3.51 (dd, 1H, J 11.6 and 4.0, HOCH,CHCH(OBn)),

2.06-1.94 (m 2H CHCH,CH(OBn)); 3C NWR dc (100 MHz, CDCl ;) 138.0,
128.5, 127.7, 127.6, 85.1, 80.6, 79.4, 71.3, 63.6, 63.3, 33.4;, M
mz (ES+) 261 (100% M\a'); HRMS C;3HigO, requires M 239.1283. Found
(MH) 239.1280 (-1.4 ppn); IR nmx (film/cm?® 3386 (br), 2928 and
1064.

OH NaH, BnBr
)\)\K TBAI )\)\% [(DHQ)zPYR] HO_ .« 9Bn
Et,0 'BUOH/H,0 RH\/\’/

52%
79%

1:1 - seperable
(RS) - 3- Benzyl oxy- 2, 5- di net hyl hexa- 1, 5-di ene

A stirred solution of racem c 2,5-dinethyl hexadi ene-3-0l (5.0 g, 39
mmol) in Et,O (50 cn?) under argon at 0 °C was treated with sodium
hydride (60% dispersion in mneral oil, 4.0 g, 100 mol) and
t et rabut yl ammoni um i odide (5 ng) followed by benzyl bromide (2.3 cn?,
78 mmol ). After 20 hours the reaction mxture was quenched wth
sat. NHC () (20 cn?), extracted into Et,O (2 x 30 cn?), dried over



MySO, and concentrated to a yellow oil which was purified by colum
chromat ography (petrol - 5% Et,O petrol) to yield the benzyl ether
(4.56 g, 52% as an oil.

'H NMR dy (400 MHz, CDCl3) 7.36-7.27 (m 5H, 5 x ArCH), 5.01-4.93 (m
2H, CH(OBn) C(CHs) =CH,), 4.81-4.74 (m 2H CHC(CH;)=CH,), 4.52 (d, 1H,
J 12.0, CHPh), 4.28 (d, 1H, J 12.0, CHPh), 3.94-3.91 (m 1H,
CHOBn), 2.43 (dd, 1H J 14.0 and 8.0, CH,CHOBn), 2.24 (dd, 1H J 14.0
and 6.0, CH,CHOBn), 1.74-1.72 (m 6H, 2 x G&); °C NWR dc (100 MHz,
CDCl ;) 144.4, 142.6, 138.6, 128.3, 127.8, 127.4, 113.9, 112.4, 81.8,
69.9, 42.5, 22.6, 16.5 M mz (Cl+) 161 (100% M CH=C(CHs) CH,);
HRVS C;sH,,NO requires M 234.1858. Found (WMNH,") 234.1860 (+1.0 ppm;
IR Ny (film/cm? 3072, 3031, 2971, 2943, 2863, 1454, 1070.

(2S, 4S) - 4- (Benzyl oxy) - 2, 5- di net hyl hex- 5-ene-1, 2-di ol and (2S,4R)-4-
(benzyl oxy) - 2, 5-di et hyl hex-5-ene-1, 2-di ol 12

3- Benzyl oxy- 2, 5-di net hyl hexa-1,5-diene (1 g, 4.6 muvol) was subjected
to standard conditions for asymmetric dihydroxylation of dienes
using (DHQ,PYR to give crude material, as a 1:1 mxture of
di astereoners. Purification by careful colum chromatography (10%
acetone/toluene) yielded first the (S,S)-diol (490 ng, 43% followed
by mxed fractions (240 ng, 21% then the (S R -diol 12 (180 nyg,
16% as oils.

(S,R-diol 12

[a] p?° -29.6 (c = 1, CHCO,); H NWR dy (400 MHz, CDO ;) 7.39-7.29 (m
5H, 5 x ArCH), 5.03-5.00 (m 2H, C=CH,), 4.51 (d, 1H, J 11.6, CHPh),
4.24 (d, 1H, J 11.6, GkPh), 4.07 (dd, 1H J 10.8 and 2.0, CHOBn),
3.77 (br s, 1H, @), 3.50 (d, 1H, J 11.6, GLOH), 3.36 (d, 1H, J
11.6, @,OH), 3.08 (br s, 1H @), 2.01 (dd, 1H J 14.8 and 10.8,
CH,CHOBn), 1.76-1.74 (m 3H, C(CH)=CH,), 1.64 (dd, 1H, J 14.8 and
2.0, QLCHOBn), 1.16 (s, 3H, C(OHCH); **C NWR dc (100 MHz, CDd ;)
144.3, 137.5, 128.5, 128.2, 127.9, 113.6, 80.7, 72.6, 70.2, 69. 2,
42.8, 24.7, 16.8; M5 mz (ES+) 273 (100% MNa%); HRMS C;sH,,O:Na
requires M 273.1467. Found (MNa®) 273.1464 (-1.1 ppm; IR nm
(film/cm? 3419 (br), 2922, 1050.



(2S, 3R, 59) -2, 5-bi s(Hydroxynet hyl) -2, 5-di net hyl - 3-

benzyl oxyt et rahydr of uran 13

(2S,4R)-Benzyl oxy diol 12 (100 ng, 0.40 mol) was subjected to
standard diol cyclization conditions wusing isoprene to give the
crude pr oduct . Purification by col umm chr omat ogr aphy (20%
acetone/petrol) vyielded cis-THF 13 (78 ngy, 74% as prisns. The
rel ative stereochem stry of 13 was proven by X-ray crystall ography.
mp 50-53 °C; [a]p®® 20.5 (¢ = 1, CHO,); 'H NWMR dy (400 MHz, CDO )
7.37-7.27 (m 5H, 5 x ArCH), 4.59 (d, 1H, J 11.2, G%LPh), 4.50 (d,
1H, J 11.2, CH,Ph), 4.33 (t, 1H, J 6.8, CHOBn), 3.59-3,47 (m b5H CH
oOH, 1 x GLOH and 2 x H), 3.35 (d, 1H, J 11.6, GLOH), 2.45 (dd,
1H J 12.8 and 6.8, CHCHOBn), 1.92 (dd, 1H, J 12.8 and 6.8,
CH,CHOBn), 1.28 (s, 3H, Q&), 1.20 (s, 3H, O&); '*C NWR dc (100 Mz,
Ccbhd ;) 138.6, 128.3, 127.5, 127.2, 85.4, 82.1, 80.3, 72.1, 69.8,
67.6, 39.7, 25.9, 19.8;, M5 mz (ES+) 289 (MNa"); HRVE CisH;3O
requires M 267.1596. Found (M) 267.1594 (-1.0 ppm; IR Ny
(film/cm? 3375 (br), 2932, 1113, 1063.

(2E, 6E) - Nonadeca- 2, 6-di en-1-0l 16

To a stirred solution of ethyl nonadecadi enoate 15 (1.1 g, 3.4 mmol)

in CHCO, (50 cm) at -78 °C was added, dropwi se, di-

i sobutyl al umi ni unhydride (1.5 Min toluene, 9.2 cn¥, 14 mmol) and the
solution warned to 20 °C. After quenching with HO (. (3 M 30 cn)

the mxture was extracted into CH,C, (3 x 100 cn?), dried over MySO,
and concentrat ed. Purification by colum chromatography (10%
acetone/petrol) yielded 16 (870 ng, 91% as a low nelting solid.

mp 35-38 °C, 'H NMR dy (400 Mz, CDO3) 5.72-5.60 (m 2H,

CH=CHCH,OH), 5.46-5.34 (m 2H, CH,CH=CHCH,), 4.07 (d, 2H J 5.2,

CHOH), 2.13-2.05 (m 4H, CHCH,CH,CH), 1.96 (q, 2H, J 6.4,

CH,CH=CHCH,), 1.36-1.20 (m 20H, CHs-(CH,)10-CH), 0.90-0.86 (m 3H,

CHy); C NMR dc (100 MHz, CDO ;) 132.7, 131.1, 129.2, 63.3, 32.5,

32.4, 32.3, 32.2, 31.9, 29.7, 29.6, 29.6, 29.5, 29.3, 29.2, 22.7,

14. 1.

(6S, 7S, E) - Nonadec- 2-ene-1,6, 7-triol 17



Nonadecadi enol 16 (820 nmgy, 2.9 mol) was subjected to standard
conditions for asymetric dihydroxylation of dienes using (DHQ ,PHAL
to give crude material. Purification by colum chromatography (30%
acetone/petrol) yielded diol 17 (860 ng, 94% as needl es.

mp 70-72 °C; [a]® -17.7 (¢ = 1, MeOH); 'H NWMR dy (400 MHz, CDO )
5.76-5.66 (m 2H, CH=CH), 4.13-4.10 (m 2H, CHOH), 3.47-3.40 (m 2H,
CHOHCHOH)), 2.32-2.13 (m 2H, GLCH=CH), 1.82-1.22 (m 27H, CHOH
and CHs- (CH,) 11-CH(OH) CH(OH) CH,), 0.89 (t, 3H, J 7.2, O); C NWR dc
(100 MHz, CDO ;) 132.5, 129.5, 74.6, 73.9, 63.7, 33.6, 32.9, 31.9,
29.6, 29.6, 29.3, 28.4, 25.6, 22.7, 14.1; M5 nmz (ES+) 337 (100%
M\a*); HRMB CigHssO;Na requires M 337.2719. Found (M\a") 337.2720

(+0.3 ppm: IR nmy (film/cm® 3257 (br), 2916, 2847,

(2R, 55,1'S,1"R)-1-(5- (-1 - Hydroxytridecyl)-tetrahydrof uran- 2-

yl ) et hane-1", 2" -di ol 182

Nonadecene triol 17 (150 ng, 0.48 mmol) was subjected to standard
diol cyclization conditions using isoprene to give the crude product
as a browmn oil. Purification by colum chromatography (30%
acetone/petrol) yielded cis-THF 18 (128 ng, 81% as a white solid.
[a] p?° -4.5 (¢ =1, MeOH); 'H NWR dy (400 MHz, CDd ;) 3.98 (dd, 1H, J
6.4 and 4.4, CHCH(OH)CHOH), 3.82 (g, 1H, J 6.0, CH,CH(OH) CH(OR) CH,),
3.67-3.61 (m 2H, OLOH), 3.56 (q, 1H, J 4.4, CH(OH) CHOH), 3.42-3.38
(m 1H, CH,CH(OH)CHO, 1.98-1.74 (m 4H THF CHCH,), 1.47-1.21 (m
22H, CHs-(CH,)1;-CH(OH)), 0.89 (t, 3H, J 6.8, CHs); 'C NWR dc (100
MHz, CDCl;) 82.8, 80.1, 74.1, 74.1, 64.8, 32.2, 31.9, 29.7, 29.7,
29.7, 29.6, 29.3, 28.0, 25.8, 22.7, 14.1.

(2R'5S,1'S,1"R)-1-(5- (-1 - Hydroxytri decyl ) -t et rahydr of ur an- 2-

yl)et hane-1"-0l -2"- (4" -tol uyl sul phonate) 192

A stirred solution of THF triol 18 (85 ng, 0.26 mmol) and dibutyltin
oxide (77 ng, 0.31 nmol) in benzene (10 cn?) were heated at reflux
for 3 hours, then cooled to 20 °C and para-tol uenesul phonyl chloride
(54 nmg, 0.29 mmol) and tetrabutyl amoni um brom de (42 ng, 0.13 mol)

added and stirring contined for 30 m nutes. The reaction m xture was



concentrated onto silica and purified by columm chromatography (10%
acetone/petrol) to yield the tosyl diol 19 (121 ng, 97% as needl es.

mp 75-76 °C; [a]p®® -11.4 (c = 1, CHO,); *H NWR dy (400 MHz, CDd ,)
7.79 (d, 2H, J 8.4, ArC(2)H), 7.34 (d, 2H, J 8.4, ArC(3)H), 4.07 (d,
2H, J 6.0, CHOTs), 3.97 (td, 1H, J 6.4 and 2.4, CHCH(OH)CH,OTs),
3.82 (td, 1H, J 6.4 and 4.0, CH,CH(OH CHO, 3.73 (td, 1H J 6.0 and
2.4, CH(OH)CH,OTs), 3.42-3.78 (m 1H CH2CH(OH)CHO), 2.44 (s, 3H,
ARCH;), 1.98-1.80 (m 4H, THF CHCH,), 1.48-1.20 (m 22H, CHs-(CH) 11-
CH(OH)), 0.87 (t, 3H J 6.8, CHCHs); BC NWVR dc (100 Mt, CDO 3)
144.9, 132.7, 129.9, 128.0, 82.5, 78.4, 74.0, 71.7, 71.2, 34.5,
31.9, 29.7, 29.6, 29.3, 28.1, 27.7, 25.8, 22.7, 21.6, 14.1.
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