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Abstract Tne preparation of chital propargyf alcohols (2) « descubed by LNH, ot LDA -
duced double ctimmation of chaal epoxychiondes (4], dewwved from their cortespond-
ing epoxyaicohols (3] whuch ate avaifable casdy by Shatpless asymmetic epoxidation
of the primawy allyl alcchols. Whereas, use of stoichometuc amount of base on
4 provides chiwally envuched twans-1-chlotovingt alcohols (14).

During our continuing studuesl on the synthesis of hydroxy fattv acids, the utility of the
terminal alkynols, as distinguished precursors, has been greatly appreciated. In addition, these
intermediates find a great dedal of utihity in synthesis of dlkalmdsz, prostuglandms}. pyrmhronds&,
lcukotrmness, stcrmds6 etc. The termmal gcetylenie functionality not only leads to (-C pond
formation with casc7 pbut also the stercospecific coupling rea<uonx of terminal acetylene with
vinyl halides under palladium catatyst, forms one of the most distinctive features of recent dis-
coveries and has increased greatly ther utitity. The resultant triple bond on stereospecihic reduc-
non9 will lead cither to ¢is or trans alkene by a surtable choice of reagents. Tne chiral acetylenic
daleohols are currently being made primaridy cither by chelation controlled acetylemc Grignard
mqgenzlo with aldehyde n the presence of chiral amino alcohols as ligand chelators, or ¢nantio-
selective reduction of ketones with chural hydrudos” or by enzymatic kinetic hydrolyslsl2 of
corresponding, eswrs.l3

We have recently described novel methods for the preparation of chiral alkynols from chiral
substrates such as tartaric qculM and (.drbohydrarcs.! In continuvation, 1n thus arca we have
developed a further novel approach for the c¢niral alkynols (Scheme 1). While this rmanuscript

, 16
was under preparation, g related report appeared by Takano's group — which proripted us to com-
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a) TIP_(+)DIPT, TBHP mol.sieves LA DCM b) Ph3P, CCl, NaHCO3 ¢) LiNHp in Liq NHiy
or LDAIn THF, -30°

] Part of this work was presented as an invited lecture at Foast NOST Conterence hield durning
December 4-8, 1983 at Hassan (india)

. Tnis paper 15 dedicated to Dr Sukh Dev on the occasion of his 65th birthday.
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muntcate our findings in detail. The sahent features of our strategy are the imitial conversion
of allylic alcohol (1) into chiral 2,3-epoxyalcohol (3) using Sharpless cpoxldauon”. lrcms(ormauonlg
of 3 into 2,3-epoxychloride (4) using Ph,yP-CCl, followed by treatment with LiNH, or LDA leading
to the formation of chiral propargyl alcohols (2) in excellent ylcldS.H

The substrates, allylic alcohols (la-11) with a wide variety of functionahities have been
prepared by the adoption of either of the two methods, 1) Wittig reaction of suitable aldehyde
with (carboethoxy)methylene triphenylphosphorane followed by DIBAL-H reduction or n) alkylation
of propargyl alcohol with the required alkyl halide and subsequent LAH reduction. The aliyhc
alcohol 1h was prepared from (US.SS)-‘*,5-(blshydroxyrnethyl)~2,2-d|mexhyl-l.3-d|oxolane20 n &

steps as shown in Scheme 2.

SCHEME 2
R
XOCOH a.b c.d XSC/R
————————— ——
o\ OH o\ OMPM o _OMPM
5 = CH20H 7 R=CO2Et
6 R = CHO 1h R= CHz0H

a) MPMBr, NaH  THF b) (COCI)p ,DMSO, Et3N, DCM c¢) PhaP=CHCO)Et A Benzene
d) DIBAL-H,K DCM

The needed chirality was introduced by Sharpless asyminetric epoxidation on allylic aicohols
under standard set of conditions such as using TBHP, T«(OwPr), and (+) or (-) DIPT CH,Cl,
in presence of 4A molecular sieves which help in the unprovement of both chemical and optical
yields of the required epoxides. In the case of If, a racemic epoxyalcohol was prepared by using
mCPBA.

The 2,3-epoxyalcohols were cleanly converted into the epoxychlorides on reaction with
Ph3
1S the preparation of chiral alkynols. Thus 2,3-epoxychlorides werc subjected to base induced

P in refluxing CClu in prescnce of trace ainount of \ldHCO}. The final and crucial reaction

opening either by LINH, or LDA at -30 to -33° to resultzin the formation of alkynols. In one
case, measurement work, with Mosher's ester derivatives has established that the chirality
(94% ec) of the epoxide (3b) 1s transfecred with its total integrity to alkynol (2b).

Trus method has been extended to a wide variety of allylic alcohols (Table 1). The entries
3 and 4 demonstrate that the skipped imethylene present in the substrate has remained untouched
under the reaction conditions. [t 1s pertinent to mention that the optically active diacetylenic
carbinol (2e) was conveniently prepared which otherwise, 1s relatively ditficult to realise. Entry
6 deals with racemic compound because of our fdxlurez2 to obtain optically purc epoxide from
1f. However, the problern has been solved indirectly as indicated for entry 7, for mstance lg
was transformed into 2g by the present methodology and then transforined to furnish ester 10
(Scheme 3) which has found application 1n hpoxin™~ and prostaglandm.3

Enantiomeric propargyvlic alcohols (2h and 2i) shown in entries 8 and 9, prepared fromn R,R-

4
tartaric acid, have opcned up numerous possibilities for elaborating them nto rare sugars.2
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TABLE 1 Preparation of Chiral Proporgyl alcohols (2}

Entries  Atlylic alcohols (1) Epoxides Propargyl alcohols
CaHig A~ 0 OH
n- x
. gH17 N OH n - C3H17/<V\x n— C8H17)\§\
la 33'X=0H. 4a X = CI 20"
ol on
2 n'C8H17/.\E/.\X n—C8H|7/.\\§
3b X=OH, 4b X=C! 2b
oH
S = ] >¢\/k
3 SN 0H >/\*/<I/\X X
13! 3c X=OH; 4c X=ClI 2c
OH
- NN /=-\/£/\ =
4 n-Cety oH  n-CgHy X "-Can’“)\%
32 8 AN
1d 3d"%:=0H; 4d x=Cl 2d
OH
Q — =
5 n-CgHy—= n-CgHy|— = — n-CeHy —=
5 ” W\OH S TN 5N X
le 3e X=OM; 4eX=Ci 2e OH
0]
6 CH302C ~(CHa)g —""0H ROL —(CH2)§N\X HO,C - (CHy)g —)\\\
1t 3t X=OH, R=Me 2t
4t X=CI, R=H OH
>¢\/\/.\\
X X
7 WOH >/V\/\()/\x 9 lschemo-:!\
0Bz
1g3¢ 3g X=OH 4g X:ClI s
- - MeO;C\/\/\\
kT <X
0 10
9 HE) o oH
8 MPMO\d\:/v\OH MPMO\/i\:/\a/\x MPMO\/I\;/I\\
5 1n 3hX:0H X§ 4hx=Cl 2h & O
0 0 oM
MPMO._A MPMO._A
S " H X \/i\_/k%
31X=z0H 0 4i X=Cl 2 Y
.0 JOH
0 —=— SR ! J— |
OH X >
T 3) X=OH , 4j X =Cl T

N
3k XzOH, 4k X=ClI 2K %639
)\/\)\/\ )\/\/ko/\ ‘\OH
12 S S OH D X S S
1 31 X=0H , 4t x=Cl 21

» (-) DIPT was used inplkace of (+)DIPT
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The distinct feature of this methodology 15 the case of preparation of optically pure ter-
tiary carbinols such as 2j to 2l (entries 10-12), which otherwise are not casily accessible.“” The

diverse usage of these carbinols in developing side chain of clinically used prostaglandins 1s well
3,26

known.
SCHEME 3
OH 0Bz 0Bz
a - a A A s
29 8 9

0Bz
c.d Me0,C T

E— NN

X

a) BzCl,Et3N,DMAP ,DCM b) MCPBA, DCM c) Jones, -20 d) CHaN;

for the opening of epoxychloride to form alkynol 15 shown in Scheme

A plausible mechanism
7
a proton from the chlorocarbon with concomitant cleavage

4. Accordingly, the base abstracts
of cpoxide to form the vinyl chloride which then undergocs dehydrohalogenation to result the

alkynol. The dianion (12) can be in situ alkylated chemoselectively with alkyl halides like n-octyl

bromide to give C-alkylated producls28 13a and 13b.

SCHEME 4
Ri 1 ]!

0 LiNH7 or ~0 oL WOX
R LDA R - R Za
- n =L

14 =
R! R!
LiNHy or /QOX R"Br | \OH
——
LDA R > R X
X X
\X \Rll
12 X=zLi 13a R"zn-CgHq7 (71%)
2 X=z=H 13b R":z  -(CHp)g —OTHP (62°/)
According to the mechanism shown n Scheme 4, alkoxide Il 1s the crucial intermediate

for the formation of propargyl alcohols from cpoxychlorides #, in fact I4 could be 1solated when
the reaction was carried out with a stoichiometric quantity of base such as LDA/THF or LINH2

These trans-l-chlorovinyl alcohols (14) are very useful synthons and may find wide

in lig. NH}'
3,5

applicability i the synthesis of biologically active compounds.
Treatment of 4 with | eq. of LDA n THF uat -78° or LiNH, i hge NHy at -33° atforded

14 1n quantitative yields. The elimination reaction produced trans-1-chlorovinyl alcohols, which
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was found to be highly stereoselective and the configuration was confirmed by analysis of lH

NMR spectra. Generality of this reaction 1s evident from the preparation of chlorovinyl alcohols

OH OH
J\/\ \OH
n-CgHyy ZaY! n-Can/__\)\V\ ct SN NN
l4a l4d 14l

l4a, 14d and 141 (Table 2) trom the corresponding 2,3-epoxychlorides %4a, &d and &1 respectively.

This reaction appedars to be gencral, versatile and could be performed under mild conditions.

Table 2 Preparation of trans-chlorovinyl alcohols (14)

Entry Epoxy Base eq Crude Chlorovinyl Propargyl
chlorides yield % dalcohols* alcohols*

1 4a LINH, or LDA i 95 l4a  (85) -

2 4d LINH, or LDA 1 89 tad  (79) -

3 41 LINH, or LDA 1 92 141 (82) -
4 41 LiINH, or LDA 3 81 - 21 (77)
5 4 n-BuL | 948 14 (s1) 2 (9
6 41 n-BuL1 3 83 - 21 (77)

*  Isolated yields (%) are given in parcnthesis. § Also contains its unrcacted epoxychloride.

We next aimed the opeming of 2,3-epoxychloride #1 with | eq. of n-Buli in THE at -33°,
It resulted a product mixture contaiming approximately 43, 20 and 36 per cent of chlorovinyl
alcohol (14l), propargy! alcohol (21) and the starting 2,3-cpoxychloride (41) respectively. It appears
that n-BuLi reacts indiscriminately with both the epoxychloride (41) and chlorovinyl alcohol (141),
formed during the course of the reaction, thereby giving a nuxture of products. However, 3 eq.
of n-BuLs in THF at -33° always produced the propargyl alcohol (2I) as the sole product reported

. 16,40
carlier.

Thus, LDA or LINH2 is the suttable basec for the preparation of compound 14.

In conclusion, 1t 1s pertinent to miention that this is a highly useful method to prepare
chirally enriched intermediates alkynols, cspecially the tertiary carbinols and trans-i-chlorovinyl
alcohols from ecasily accessible 2,3-cpoxychlorides obtainable from the corresponding allylic aico-
hols, using 3 cq. of bases and | eq. of Ll)A/LnNH2 respectively. The case with which these transfor-
mations can be carried out under mild conditions tolerated by many functional groups in high
chemical and optical yields will allow vnc to tap the immense potential which these intermedi-

29
ates ~ possess.
EXPERIMENTAL

IR spectra were recorded as neat thin film on Perkin-Elmer 683 or 1310 spectrometers.

lH NMR spectra were recorded on Varian FT 80A or Jeol PMX-90 spectrometers, in CDCI3 using

TMS as internal standard. Mass spectra were recorded on cither Micromass 7070H or Finni-
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gan Mat 1020 B mass spectromneter operating at 70 eV and molecular weights determined by
Cl techmque. Allyl alcohols were prepared by the literature procedures.
(45,55)-4-(3-Hydroxy-1E-propenyl)-5-(p-methoxybenzyloxymethyl)-2,2-dimethyl-1,3-dioxolane  (lh).
A cooled (0°) and stirred suspension of sodium hydride (2.96 g, 61.7 mmol, 50% suspension) In
dry THF (100 ml) and HMPA (5 ml) was treated with (45,55)-4,5-(bis-hydroxymethyl)-2,2-dimethyl-
1,3-dioxolane (10 g, 61.7 mmol) during 20 mun, After | h p-methoxybenzyl bromide (MPMBr)
(12.4 g, 61.7 mmol} in dry THF (10 mi} was added dropwise and allowed to sur overnight at
room temperature. Reaction rmixture was cooled (0°), quenched with agq. NH,CI and extracted
with CHCI3. Organic layer was washed with water, dried (NaZSOa) and evaporated. The residue
was purified by colurnn chromatography (silica gel, 0% ethyl acetate-pet.ether) to afford 5
(13.2 g) 1n 76% yield. lH NMR :§ 1.3 (s, 6H), 3.64-4.12 (in, 9H), 3.8 (s, 3H), 4.5 (s, 2H), 6.81
(d, 2H), 7.18 (d, 2H), M~ 266.

To a cooled (-78°) and stirred solution of oxalylchloride (5 ml, 57.3 minol) In CHZC]Z)
(140 ml) was added dropwise D:ASD (9 i, 12.6 mmol). After 5 tmin, aicohol 5 (5 g. 17.7 mmol)
was added, left for 20 min and quenched with triethylamine (10 ml, 143 mmol). After 10 min
reaction mixture was poured in water, organic layer separated and the aqueous layer extracted
with CHZClz. Combined CH2C12 extracts were washed with 1% HCI, water, brinc, dried (NaZSOu)
and evaporated to give the crude aldehyde 6, which was used as such for further reaction.

A stirred suspension of (carboethoxymethylene) triphenylphosphorane (7.4 g, 2.6 mmol)
in benzene (50 ml) was treated with 6 (5 g, 17.8 mmol) at room temperature. After | h, benzenc
was removed under reduced pressure and residue was subjected to chromatographic purification
(S1-gel, 5% ethyl acetate-pet.ether) to afford 7 (5 g) in 80% yield as a hquid. lH NMR : & 1.25
(1, 3H), 1.4 (s, 6H), 3.5 {dist. t, 2H), 3.75 (s, 3H), 4.0-8.8 (m, 4H), 4.5 (s, 2H), 5.3 (1, IH), 5.6
(d, 1H), 6.08 (d, 2H), 7.25 (d, 2H).

To a stirred and cooled (-20°) solution of 7 (5 g, 14.28 mmol) in CH2C12 (50 mb), a 20%
hexane solution of DIBAL-H (22 ml, 30 mmol) was added during 20 min. After | h, 1t was quen-
ched with ag. sodiumn potassium tartarate solution. Aq. layer was separated and extracted with
CHZCIZ. Organic layer was washed with water, brine, dried (Na,50,) alnd cvaporated under re-
duced pressure to result the alcohol lh (4 g) in 99% yeeld as a liqud. 'H NMR ¢ § 1.4 (s, 6H),
3.5 (dist. t, 3H), 3.8 (s. 3H), 6.85 (d, 2H), 7.3 (d. 2H).

General procedure for the preparation of 2,3-epoxy alcohols

(2R-1rans)-3-Octyloxiranemethanol (3a). To a stirred and cooled (-20°) suspension of activated,
powdcred 4A molecular sieves (5 g) in CH,Cl, (250 ml) under N, atmosphere (-) DIPT (0.412
g, 1.76 minol), TOwpr), (0.417 g. 1.47 m-nol) and TBHP (3.97 g, 44.11 mmol) were added sequen-
tially. The resulting mixturc after 20 min was treated with allylic aicohol la (5 g, 29.41 mmol)
in CHZCl2 (10 ml) over a period of 20 min and maintained at this temperature for 4 h. The
reaction :nixture was allowed to warm to 0° and pourced nto a freshly prepared and cooled (0°)
solution of ferrous sulfate and tartaric acid (6.5 g and 2 g respectively) in deionised water (20
ml). The two phase nuxture was stirred for 25-30 min, aq. phase separated and extracted with
ether. The combined organic phases were treated with a precooled (0°) solution of 30% NaOH

(W/V) in saturated brine. The two phase muxturce was then surred for | h at room temperature
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and aq. layer separated. It was treated with ether, combined organic extracts were dried (NaZSOu)
and concentrated under reduced pressure to result 3a (5.1 g) in 91% yield as a solid, m.p. 58-59°C.
" NMR § 0.91 (t, 3H), L.20-1.75 (in, 14H), 1.8-1.9 (m, 1H), 2.9-3.0 (m, 2H), 3.65 (dd, IH),
3.95 (dd, IH). IR : 3600 and 1250 em’l. M7 186, ["]D +34.3 (¢ 1.2, CHCLy).
(2S-trans)-3-Octyloxiranemethanol (3b).  Compound 3b was prepared trom allylic alcohol (la)
(5 g, 29.41 mimol) by using (+) DIPT in 88% yield. ' ONMR § G.90 (1, 3H), 1.1-1.8 (m, l4H),
1.81-1.90 (m, |H), 2.95-3.00 (m, 2H), 3.68 (dd, IH), 3.90 (dd, IH). [Q]D = -36.6° (c, .2, CHCIB).
(2R-trans)-3+3-Methyl-2-butenyl)oxiranemethanol (3c). Compound 3c was prepared from allylic
alcohol lc (4.3 g, 34.12 mmol) using (-) DIPT in 90% yield. ]H NMR : § 1.65 (s, 3H), 1.75 (s,
3H), 2.25 (bt, 2H), 2.75-3.20 (m, 2H), 4.4 (d, 2H), 5.1 (bt, IH). IR : 3400, 1450 and 1220 cm-].
M 62 faly - 116.27 (o 19, CHCLY). Anal. Caled. for CgH, O, : C, 67.57; H, 9.92; Found
1 G, 67.60; H, 9.96%.

2

(2R-trans)-34(2-Heptenyl)oxiranemethanol (3d). Compound 3d was prepared from alcohol 1d (5
gy 29.79 mmol) 1n 82% yield, using (-) DIPT. ]H NMR ¢ § 0.85 (1, 3H), 1.1-1.5 (in, 6H), 1.8-2.4
(m, 4H), 2.8-3.0 (in, 2H), 5.1-5.7 (m, 2H). IR : 3400 and 1250 cin™'o M' 184, [ ol - +16.18 (c
1.69, ("HCI.’). Anal. Calcd. for C HZOOZ C. 71.69; H, 10.94; Found : C, 71.61; H, 10.98%.
(ZS-t_ran_s)—B-(l—Heptynyl)oxlrancmethanol (3e). tpoxidauon of le (3.7 g, 24.36 mmol) gave 3e
in 88% yicld using () DIPT, lH NMR : §0.75 (1, 3H), 1.1-1.6 (m, 10H), 2.2-2.4 (m, 2H), 3.75-4.00
(. 2H), 4.0-6.2 (m, 2H). IR : 3400, 2230 and 1260 cm_l. M 168, [a]n - 607 (¢ 2.7, (:HCI3).
Anal. Caled. for CIOHISOZ Co 71.39; H, 9.59; Found : C. 71.38; H, 9.57%.
(2RS-trans)-3-10-Methoxycarbonyldecyl)oxiranemethanol (3f). A solution of alcohol If (2 g,
8.77 mmol} in CHLUL, (30 mb was treated with mCPBA (1.81 g, 10.52 mmol) under N, atinosphere
dat 9% for 30 nun. Usual workup gave 3f (1.51 g) i 75% yield in racemic form. lH NMR : § 1.20-
165 (m, 16H), 2.27 (dist. 1, 2H). 2.8-3.0 (m. 2H), 3.5 (dd, 2H), 3.7 (s, 3H). IR : 3450, 1720 and
1260 ¢cm”!

(2$-trans)- 3-(5-Methyl-4-hexenyl)oxiranemethanol (3g). Compound 3g was prepared from lg (7.2
g. 46.75 mmol) in 8% vield by using (-} DIPT. lH NAMR 2§ 1.2-2.1 (m, 10H), 2.2-2.5 (in, 2H),
2.7-3.9 (in, 2H). 3.6 (d, 2H). 5.0 (dist. t, IH). IR : 3400, 1450 and 1220 cm-l. M 170, [aJD
-32.2 (¢ 2. CH('Jg). Anal. Caled. for C ng\)2 Co 70,563 H, 10.66; Found : C, 70.51; H, 10.60%.
(Zs-w)-3-(3-p-Methoxybenzyloxymethyl 1S5,25-O-1sopropyledinepropyl)oxiranemethanol  (3h).
Alcohol Th (5.2 g, 16.88 mmoi) on epoxidation with (-) DIPT gave epoxide 3h in 84% yield.
H NVMR @ §1.25 (s, 6H). 2.85-3.1C (m, 2RH), 3.4-3.7 (m, 4H), 3.7 (br s, 4H), 4.0-8.2 (m, [H), 4.45
(5» 2H). 6.8 (d, 2H), 7.2 (ds 2H). IR 5 3660, 1516 and 1660 e, W° 326, ly - -12.27 (¢ 1, CHCL).
Anal. Caled. for (‘I7H2’4 6 C. 62.95% H, 7.46; Found : (, 62.92; H, 7.46%.
(2R-trans)-3-(3-p-Methoxybenzyloxymethyl-1S,25-O-isopropyledinepropyl)oxiranemethanol  (3i).

1

Alcohol Th (5.2 g. 16.88 nmimol)  on ecpoxidation with (-) DIPT gave cpoxide 3i in 86% vield.
H NMR ¢ §1.20 (5, 6H), 2.8-3.0 (in, 2H). 3.36-3.70 (rmn, &H), 3.72 (br s. &H), 4.00-4.23 (m, IH),
4. (s, 2H), 6.8 (d 2H), 7.2 (dy 2H). B ly -17.15° (c 1.3, CHULQ).

1

(25-trans) -3-Mehyl-3(3-pentynyl)oxiranemethanol (3j). Epoxy alcohol 3j was prepared from |1j
(5 g. 36.23 tnmol) in 84% yicld. IH NMR ¢ § 1.25 (1. 3H), 1.6-1.9 (in, SH), 2.1-2.4 (m, 2H), 3.05

(t, 1H), 3.8 (br d, 2H). IR ¢ 3503, 2200 and 1250 cm'l. M7 154, [QJ : -9.8° (¢ 1.2, CHCI3)' Anal.
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Calcd. for C‘)HMO2 : C, 70.10; H, 9.15% Found : C, 70.14; H, 9.10%.
(2S-trans)- 3-Methyl-(3-pentyl)oxiranemethanol (3k). Epoxy alcoho! 3k was prepared from 3j (1.2
g, 7.79 mmol) by catalytic hydrogenation with 10% Pd-C in ethanol under atmospheric pressure
at room temperature in 90% yeld. lH NMR : § 0.9 (1, 3H), 1.09-1.50 (m, 11H), 2.95 (1, IH),
3.72 (d, 2H). IR : 3400 and 1250 el M" 152, [<x]D = -6.2° (¢ 1.48, CHCIy). Anal. Calcd. for
C9Hl802 s C, 68.31; H, 11.47; Found : C, 68.28; H, | 1.47%.

(2S-trans)-3-Methyl-3(4-methyl-3-pentenyl)oxaranemethanol (3l). Compound 3! was prepared
from geraniol (3 g, 19.48 mmol) in 86% yieid. lH NMR : & 1.04 (s, 3H), 1.3-1.7 (in, 3H), 1.46
(s, 3H), 1.63 (s, 3H), 2.02 (q, 2H), 2.8 (dd, 1H), 3.3-3.6 (m, 2H), 5.1 (br t, 1H). IR : 3400, 1450

and 1250 cim™ 'L M 170. [ody = -5.2° (c 1.4, CHCIy).

General procedure for the preparation of 2,3-epoxychlorides

(2S-trans)-3-Octyloxiranemethylchloride (4#a). A strred mixture of epoxy alcohol 3a (2 g, 19.75
mmol), PhaP (2.81 g, 10.75 mmol) and NaHCO, (0.2 g) in CCl, (30 ml) under N, atmosphere
was heated at reflux for 3 h. CCI[‘ was removed on a rotary evaporator and residue was purified
by columnn chromatography (Si-gel, pet. ether) to furmish the epoxy chloride #a (1.9 g) in 90%

yield. lH NMR : 6 0.7 (t, 3H), 1.0-1.6 (in, 14H), 2.6-3.0 (m, 2H), 3.4 (dd, 2H). IR : 1460 and 1260

em oM 204, 206. [a ]D : +18.8° (¢ 2.5, CHCIy). Anai. Calcd. for CH,,ClO: C. .53 H,
10.34; Found : C, 64.67; H, 10.25%.

(2R-trans)-3-Octyloxiranemethylchloride (4b). Compound 4b was prepared from 3b (4.2 g, 22.5
mmol) n 85% yield. lH NMR : & 0.72 (1, 3H), 0.9-1.6 (m, 14H), 2.7-3.1 (im, 2H), 3.6 (dd, 2H).
(aly - -19.76° (¢ 0.85, CHCI,).

(2S-trans)-3{3-Methyl-2-butenyl)oxiranemethylichloride {4c).  Compound #&c was prepared f{rom
3c (3.8 g, 26.76 minol) in 86% yicld. lH NMR : § 1.65 (s, 3H), 1.75 (s, 3H), 2.25 (1, 2H), 2.75-3.10
{m, 2H), 3.55 (d, 2H). IR : 1440 and 1260 an”' MY 160, 162 laly = +7.37° (¢ 2.3, CHCIy). Anal.
Calcd. for C8H‘3CIO s G, 99.815 H, 8.16; Found : C, 59.90; H, 8.17%.
(25-trans)-3+2-Heptenyl)oxiranemethylchloride (4d). Epoxychloride 4#d was prepared from alcohol
3d (4.7 g, 25.5% mmol) in 91% yeld. lH NMR : 8§ 0.9 (1, 3H), 1.2-1.7 (m, 6H), 2.00-2.25 (in, 2H),
2.95-3.36 (i, 2H), 3.50-3.65 (in, 2H), 3.55-3.85 (dt, 2H). IR : 1460 and 1250 ('rn-l. M 202, 20u.
[Q]D - -1.81° (¢ 1.1, (‘,H(?lj). Anal. Calcd. for C 'HHCIO : C, 65.173 H, 9.44; Found : C, 65.31;
H, 9.38%,

(2R-trans)-3-(1-Heptynyl)oxiranemethylichloride (4e).  Compound 4e was prepared trom 3e (3.1
g, 18.45 mrmol) in 82% yield. IH NMR ¢ & 0.72 (1, 3H), 1.0-1.7 (m. 6H), 2.09 (dist t. 2H), 3.18
(dd, 2H), 3.5 (d, 2H). IR ¢ 1660 and 1250 Cm_l. M' 186, 188. [0.10 -2.9° (¢ 1.12, CHC13). Anal.
Calcd. for CIOH”CIO : (0, 66.33; H, 8.09; Found : C, 64.54; H, 8.0%.
(2SR-trans)-3{(10-Methoxycarbonyldecyl)oxirancmethylchloride (4f). A mmxture of cpoxy cster

3t (1 g, 4.09 mmol), Phyb (1.0 g. 4.09 mmol) and NaHCO, (0.1 g) in CCl was heated at reflux

1

for & h. The reaction inixture atter usual workup gave the epoxy chiloride. The above epoxy chlo-
ride (0.89 g) was subjected to hydrolysis with KOH (0.190 g) n 1:f ag. methanol (3.3 mb at
room temperature for 12 h, tsual workup gave 4f in 85% yieid. [H NAMR : 8§ 1.1-1.8 (i, l6H),
2.22 (dist 1, 2H), 2.7-3.0 (m, 2H), 3.51 (dd, 2H). 1R = 1730, 1450 and 1260 rm'l.



Synthesis of chiral propargyl alcohols 7041

(2R -trans)-3-5-Methyl-&-hexenyl)oxiranemethylchloride (4g). Compound 8g was prepared from
3g (5.7 g, 33.52 ininol) in 86% yield. ]H NMR : 8 1.4 (t, 3H), 1.5 (1, 3H), 1.25-1.60 (in, 4H), 1.8-2.1
(m, 2H), 2.6-3.0 (m, 2H), 3.5 (dd, 2H), 5.05 (dist t, IH). IR : 1440 and 1260 cm-l. M" 188, 190.
[Q]D = -16° (¢ 1.77, CHCIB). Anal. Calcd. for ClOH”ClO : C, 63.65; H, 9.08; Found : C, 63.81;
H, 9.3%.
(2R-trans)-3-(3-p-Methoxybenzyloxymethyl-15,25-O-isopropyledinepropyl)oxiranemethylchloride
(4h). 4h was prepared from 3h (3.8 g, 11.72 mmol) in 87% yield. 'H NMR : § 1.2 (s, 6H), 2.9
(dd, IH), 3.1 (dd, 1H), 3.4-3.6 (m, &4H), 3.7 (br s, 4H), 3.9-4.1 (m, 1H), 4.6 (s, 2H), 6.8 (d, 2H),
7.2 (d, 2H). IR : 1460 and 1250 cm-l. M® 342, 34y, [a]D = W 8.4° (¢ .4, CHCI3). Anal. Calcd.
for (_“I7I"423Cl05 : C, 59.56; H, 6.76; Found : C, 59.60; H, 6.78%.
(2S-trans)-3-(3-p-Methoxybenzyloxymethyl-15,25-O-isopropyledinepropyl)oxiranemethylchloride
(4i). 41 was prepared from 3i (3 g, 9.25 mmol) in 90% yield. lH NMR : § 1.1 (s, 6H), 2.93 (dd,
1H), 3.0 (dd, 1H), 3.4-3.7 (m, &4H), 3.7 (br s, 4H), 3.8-4.1 (m, IH), 6.4 (s, 2H), 6.75 (d, 2H), 7.2
(d, 2H). h]n = -11.19° (¢ 1.09, CHCI3).

(2R-trans)-3-Methyl-3{(3-pentynyl)oxiranemethylchloride (4j).  Compound 4 was prepared trom
3j (6.3 g, 27.92 mmol) 1n 90% yield. lH NMR ¢ § 1.2 (s, 3H), [.3-1.7 (in, 5H), 2.0-2.3 (i, 2H),
3.05 (t, 1H), 3.3-3.7 (in, 2H). IR : 2100, 1450 and 1250 cm™'. M* 172, 174. [aly = -3.43° (c 1.92,
CHCIJ). Anal. Calcd. for C9H13CIO s C, 62,613 H, 7.59; Found : C, 62.76; H, 7.59%.
(2R-trans)-3-Methyl-3-pentyloxiranemethylchloride (4k).  Compound &k was prepared from 3k
(0.945 g, 5.98 mmol) in 82% yield. lH NMR : & 0.9 (1, 3H), 1.1-1.6 (m, 11H), 2.9 (1, 1H), 3.4-3.7
(in, 2H). IR : 1450 and 1250 cm_l. M 176, 178. [o.]D - -3.5° (¢ 0.2, CHCIB). Anal. Calcd. for
(19HI7CIO : C, 61.18; H, 9.70; Found : C, 61.25 H, 9.60%.

(2R-trans)- 3-Methyl-3-(4-methyl-3-pentenyl)oxiranemethyichloride  (4l). Epoxychloride #1 was
prepared from 31 (2.6 g, 1529 mmol} 1n 85% yield. IH NMR : 6 1.0-1.3 (m, 5H), l.4-1.7 (m,
8H), 2.8-3.1 (in, 1H), 3.2-3.8 (m, 2H), 4.8-5.1 (1, IH). IR : 1460 and 1260 (m-l. M" 188, 190.
lodD : +16.19° (c 1.02, CHC13). Anal. Caled. for C Hl7CIO : C, 63.643 H, 9.08; Found: C, 63.813

H, 9.10%.

10

General procedure for the preparation of chiral carbinols
(3R)-1-Undecyn-3-ol (2a). Mcthod A : To a freshly prepared LiNH, {prepared from lithium (0.154
g, 0.022 g atom)] in hq. NH, (15 ml) at -33°, epoxy chloride 4a (1.5 g, 7.35 mmol) in THF (3

inl) was added and allowed to stir for | h. Ammonia was allowed to cvaporate, after quenching

1t by sohid NH, Cl. Residue was treated with water (in the case of 2f, with 10% HCI), extracted
with cther. Ethereal layer was wushed with wadter, dried (NaZSOb) and evaporated. Purification
of the residuc by column chromatography (5Si-gel, 2% ethyl acetate - pet. ether) gave, chiral
carbinol 2a°® (099 @) in 76% yicld. 'H NMR 1 60.71 (1, 3H), 1.0-1.8 (m, 16H), 2.3 (d, 1H), .2
(dt, IH). IR : 3450 and 3320 un-l. M7 O168. [u]n - 151 (¢ 2.3, CHCIB).

Method B : To a treshly prepared LDA [prepared from dusopropylamine (1.48 g, 14.70 mmol)]
and n-Buli (0.941 g, 14.70 inmol, n-hexane solution}] i THF (15 mi), epoxy chloride (1 g, 4.9
mimol) in THF (2 ml) was added at -30°. After 1 h, 1t was quenched with aq. NH CI and diluted

with CHZCIZ. Organic layer was washed with water, brine and dried (Nazboh); evaporated and
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purified by column chromatography (Si-gel, 2% ethylacetate - pet. ether) 1o give 2a (0.54 g)
in 62% yield, comparable with the material prepared by Method A.
(35) I-Undecyn-3-ol (2b). Compound 2b3 was prepared from &b (1.2 g, 5.88 minol) in 80% yield.
H NMR : § 0.75 (1, 3H), 1.0-1.7 (m, 14H), 2.25 (d, LH), 4.23 (dt, IH). h]D -15.2° (c 1.1, CHLIB).
(3R)-6-Methylhept-5-en-1-yn-3-ol (2c). Compound 2c was prepared from &c (I g, 6.25 mmol)
in 72% yield. lH NMR : § 1.4 (s, 3H), 1.5 (s, 3H), 2.10-2.41 (m, 2H), 2.25 (d, 1H), 4.0-4.3 (dt,
IH), 4.9-5.2 (1, IH). IR : 3450, 3320 and 2120 cm_l. M* 124, [Q]D = +8.5° (c 0.7, CHCIB). Anal.
Calcd. for CSHIZO ¢+ C, 77.37; H, 9.74; Found : C, 77.38; H, 9.74%.
(3R)-Undec-5-en-1-yn-3-0l (2d). Carbinol 2d was prepared from 4d (1.8 g, 8.91 mmol) in 76%
yield. lH NMR : § 0.9 (I, 3H), 1.2-1.6 (m, 6H), 1.95-2.30 (1, 2H), 2.50-2.75 (in, 2H), &.30-4.65
(t, IH), 5.45-5.95 (m, 2H). : 3400, 3300 and 2120 cm-l. M 166. h]D = +17.28° (c 1.25, CHCIB).
Anal. Calcd. for C ngo C, 79.465 H, 10.92; Found : C, 79.44; H, 10.95%.
(3R)-Decadi-1,4-yn- 3—ol (2e). Carbinol 2e was prepared from ke (1.3 g, 6.98 mmol) in 72% yield.
lH NMR : §0.8 (1, 3H), 1.2-2.0 (m, 6H), 2.2 (1, 2H), 2.5 (d, IH), 5.1 (s, IH). IR : 3400 and 3320
cm'l. M 150, [odD = -1.33° (c 1.5, CHCIB). Anal. Calcd. for C, \H,, O : C, 79.95; H, 9.39; Found
: G, 79915 H, 9.41%.
11-Hydroxy-12-tridecynoic acid (2f). Compound 4f (0.725 g, 2.76 minol) gave 2f in 76% yield.
ll“l NMR : § 1.0-1.8 (m, 16H), 2.10-2.45 (m, 3H), 4.25-4.45 (dt, 1H), 5.5 (2H, D20 exchangable).
IR : 3500, 3320, 2120 and 1720 cm”".
(35)-8-Methylnon-7-en-1-yn-3-ol (2g). Compound 2g was prepared from &g (2.1 g, (1.17 mmol)
in 74% yield. lH NMR : § 1.5 (1, 3H), 1.6 (1, 3H), 1.46-1.7 (m, 6H), 1.9 (dist. t, 2H), 2.4 (d, IH),
4.1-64.6 (m, 1H), 5.05 (1, 1H). IR : 3400, 3300, 2100, 1450 cm-]. M o1s2. b]D = =5.01° (¢ 0.9,
CHCI3). Anal. Calcd. for (_loH O : C, 78.89; H, 10.59; Found : C, 78.90; H, 10.69%.
(4S,5S)-4-[(1R)-1-Hydroxy-2- propynyl)]-5-p—methoxybenzyloxymethyl—Z,Z-dimethyl—l,3-dioxolane
(2h). Opening of &h (2.1 g, 6.14 mmol) afforded the carbinol 2h in 79% yield. "H NMR : 5§ L
(s, 6H), 2.4 (d, 1H), 3.50-3.65 (m, 3H), 3.7 (s, 3H), 3.8 (dist. t, IH), 4.2 (1, 1H), 8.5 (s, 2H), 6.8
(d, 2H), 7.2 (d, 2H). IR : 3440, 3210, 1610, 1460 and 1240 Cm-l. M" 306. [a ]D -7.55° (¢ 0.9,
CHCIB). Anal. Calcd. for Cl7H2205 C, 66.21; H, 7.85 Found : C, 66.19; H, 7.81%.
(45,55)-4-[(1S)-1-Hydroxy-2-propynyl)]-5-p-methoxybenzyloxymethyl-2,2-dimethyl-1,3-dioxolane
(2i). Opening of 4i (1.8 g, 5.26 mmol) afforded the carbinol 2i in 80% yield. 'H NMR : 6 1.38
(s, 6H), 2.38 (d, IH), 3.48-3.60 (m, 3H), 3.68 (s, 3H), 3.8 (dist. t, IH), 4.1 (1, 1H), 4.5 (s, 2H),
6.8 (d, 2H), 7.2 (d, 2H), [a]D 2 +4.64° (c 0.85, CHCIy).
(3S)-3-Methyl-1,6-octadiyn-3-ol (2j). Compound 2j was prepared from #j (2.2 g, 12.79 mmol)
in 79% yield. lH NMR : 8§ 1.5 (s, 3H), 1.70-1.95 (in, 5H), 2.3-2.5 (m, 2H), 2.55 (s, IH). IR : 3450,
3300 and 2120 cm-l. M* 136, [(x]D - -4.71° (¢ 0.7, CHCIs). Anal. Calcd. for C9HI2O s C, 79.37;
H, 8.88; Found : C, 79.343 H, 8.90%.
(35)-3-Methyl-l1-octyn-3-ol (2k). Compound 2k was prepared from &k (0.510 g, 2.89 mmol) n
76% yield. lH NMR : § 0.92 (1, 3H), 1.20-1.35 (m, 6H), 1.45-1.65 (m, 6H), 2.4 (s, IH). IR : 3450,

! Y 140. [(x]D = -3.5° (c 0.2, CHCIB). Anal. Calcd. for C9H160 : C, 77.09,

10" 14

3300 and 2120 cm . M
H, 11.50; Found : C, 77.12; H, 11.5¢%.



Synthesis of chiral propargyl alcohols 7043

(35)-3,7-Dimethyloct-7-en-1-yn-3-ol (21). Compound 2l was prepared from 41 (1.3 g, 6.91 mmol)
in 77% yield. lH NMR : & 1.25 (s, 3H), 1.35-1.45 (m, 8H), 1.8-2.1 (m, 2H), 2.25 (s, IH), 4.8-5.1
(s, IH). IR : 3400 and 3300 cm-l. MT 152, [aJD = -12.97° (¢ 1.77, CHCI3). Anal. Calcd. for
CioH eV ¢ C, 78.89; H, 10.59; Found : C, 78.87; H, 10.62%.
Methyl 5«(R)-benzoyloxyhept-6-ynoate (10). A solution of triethylamine (i.6 mi, 12 inmol} and
alcohol 2g (6 g, 4 mmol) in CH,CI, (15 ml) containing catalytic amount of DMAP was treated
with benzoyl chloride (0.7 i, 6 mmol) at 0. After 30 min it was diluted with water, cxtracted
with CH(TI3. Organic layer was washed with water, brine and dried (Ndzbou). Evaporation of
solvent gave the benzoate 8 (0.80 g) in 80% yield as a liqud. ' NWR § 1.6 (s, 3H), 1.7 (s,
IH), 1.65-2.10 (m, 6H), 2.5 (d, 1H), 5.1 (dist t, TH), 5.6 (t, tH), 7.3-7.6 (m, 3H), 8.05 (dd, 2H).
[u]D - -20.2° (¢ 1.04, CHClg). A solution of compound 8 (0.7 g. 2.73 mmol) in CH,CL, (15 ml)
was treated with mCPBA (0.447 g, 3.5 mmol) at 0° for | h, it was quenched with ag. sodium
metabisulphate and aq. layer was scparated. Organic layer was washed with ag. NaHCO3, wdter,
dried (Ndzcoz) and evaporTled to give the epoxide 9 (0.5 g) in 67% yield, which was used as
such for further reaction. 'H NMR : § 1.2 (d, 3H), 1.5 (s, 3H), 1.7-2.0 (in, 6H), 2.45 (d, IH),
2.75 (1, 1H), 5.6 (dist t, IH), 7.2-7.6 (in, 3H), 7.90-8.15 (dd, 2H).

Epoxide 9 (C.4 g, 1.47 mmol} m acetone (10 ml) at -20°, was subjected to oxidation with
Jones' reagent (& mi) for | h, 1t was quenched with 1sopropanol filtercd and filterdate was cvapo-
rated. Residue was taken in water, washed with cther and neutralised with dil. HCI, extracted
with ethyl acetate, Orgamce layer was dried (NaZSOL) and cvaporated. The residue, thus obtained,
was treated with etheresl diazomethane at 0°C, to give ester 10 (0.229 g) 1in 60% yicld as 4
Iiquid. 'HONAIR § 1.85-2.05 (v, LH) 2.4 (1, 2H). 2.5 (d, TH). 3.7 (s0 3H), 5.7 (dist t, IH), 7.6-7.6
(m, 3H), 7.9-8.1 (dd. 2H). laJD -26.2° (¢ 1.70, CH(TI3).
(95)-10-Nonadecyn-9-ol (13a). To a freshly prepared LlNH2 {prepared trom Li (0.15 g, (.022
g atom)} i hq. NH; (15 mi) epoxy chloride 4b (1.5 g, 7.35 munol) i dry THE (I ml) was added
and allowed to stir for 1 hy n-octyl bromide (1.6 g, 7.35 minol) in THF (2 11} was added dropwisc.
After 3 h 1t was quenched with sohd NH Cl and amnionia was allowed to evaporate. Reaction
muxture wdas difuted with water and extracted with ether. Organic layer wdas washed with water,
brine, dried (\Jd2.\(\b) and ecvaporated. Residue upon chromatographic purification (Si-gel, 2%,
ethyl acetate : pet. ether) gave 13a (1.5 g) in 71% yicld as hquid. lH NMR : & 0.87 (dist 1,
6H), 1.06-1.65 (m. 26H). 2.1 (1. 2H) .25 {br s, IH). IR : 3500 cim™ ', M 280. laly ~ -1.95 (¢
1.74, ('H(jl}).
(115)-1-Tetrahydropyranyloxy-9-nonadecyn-11-ol (13b). Compound 13b was preparcd from &b
by alkvlatung with l-tetrahydropyranvl cther of 8-bromo-octanol 1 62% yield. ]H NMR : § 0.87
(dist t, 3H). 1.09-1.80 (m, 32H), 2.15 (1, 2H), 3.2-3.3 (m, &H), 4.28 (br t. IH), 4.5 (br s, IH).
IR : 3650 and 1250 con !,

General procedure for the preparation of trans-1-chlorovinyl alcohols

(1E,3R)-1-Chloro-1-undecen-3-ol (1%a). Mcthod A : To a treshly prepared suspension of LiNH,

i ha. NH, lprepared from 0.021 g atom hLithium o hq. NH, (5 m] was added epoxy chloride

4a (0.612 g. 3 mmol) in THF (1 ml) at -33°, Reaction mixture was surred for 15 min and usual
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workup as described above for the preparation of chiral carbinols (Method A), after chromato-
graphic purification (Si-gel, 2% ethyl acetate - pet. ether} gave pure l4a (0.520 g) in 87% yield
lH NMR : § 0.84 (1, 3H), 1.1-1.6 (m, 14H), 4.12 (m, 1H). 5.9 (dd, Jl = 13.5 Hz, 32 = 6.1 Hz,
IH), 6.21 (d, J = 13.5 Hz, IH). IR : 3650 cm™'. M* 204, lay = -64° (c 2, CHCL,). Anal. Calcd.
for C”HZICIO ¢ C, 64.53; H, 10.34; Found : C, 64.8; H, 10.3%,

Method B : To a freshly prepared LDA [prepared from dusopropylamine (0.303 g, 3 mmol) and
n-BuLi (I.I ml, 3 mmol, 2.98 N in hexane)] in THF (5 ml) was added epoxy chloride &a (0.642
g 3 mmol) in THF (2 ml) at -78° After | h, 1t was worked up as described in Method B above
for the preparation of chiral carbinols. Evaporation of organic layer and purification of the
residue by column chromatography (Si-gel, 2% ethyl acetate in pet. ether) gave l4a (0.503 g)
in 82% yield.

(1E,3R,5Z)-1-Chloro-1,5-undecadien-3-ol (l4d).  Compound k4d was prepared from #&d (0.576
g 3 mmol) in 79% yield. lH NMR : & 0.85 (1, 3H), l.1-1.6 (m, 6H), 1.6-2.5 (m, 4H), 4.0 (m,
IH), 5.1-5.7 (m, 2H), 5.85 (dd, Jl = 13.5 Hz, J2 : 6.2 Hz, IH), 6.1 (d, J - 13,5 Hz, IH). IR :
3450 crn-l. MY 202, 167, [O‘ID - +19.0 (c 0.6, CH(TIB). Anal. Calcd. for C“ng(,‘lO : C, 65.17;
H, 9.445 Found : C, 65.43 H, 9.25%.

(1E,3S)-1-Chloro-3,7-dime thyl-1,6-octadien-3-ol (141). Compound 141 was prepared from &1 (0.564
gy 3 mmol) in 82% yield. 'HONMR ;6 1.28 (s, 3H), 1.5-1.75 (m, 8H), 1.8-2.1 (m, 2H). 4.,93-5.1
(m, IH), 5.84 (d, J : 14.0 Hz, 1H), 6.12 (d, J - 14,0 Hez, 1H). IR : 3400 cm-l. M™ 185, 153, (
Q]D - -15.5° (¢ 2.6, CH(_‘I3). Anal. Calcd. for C[OH”CIO + C, 63.643 H, 9.08; Found : C. 63.79;
H, 9.1%.

Opening of 2,3- Epoxygeranyl chloride (41)
With 1 eq. of n-BuLi : Trcatment of &l (0.564 g, 3 mmol) with | eq. of n-BuL:i (I ml, 3 mmol,

2.98 N n hexane) in THF at -33° gave a crude mixture (0.520 g) in 92% yield. Chromatographic
purification (Si-gel, 2% cthyl acetate - pet. cther) gave 41 (0.195 g), 141 (0.230 g) and 21 (0.085 g).
With 3 eq. of n-BuLi : Compound 4l (0.560 g, 3 mmol) on treatment with 3 eq. of n-Bul:i (3

ml, 9 mmol, 2.98 N in n-hexane) under the similar conditions described above gave 21 (0.350
g) in 77% yield.
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