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Abstract

SYNTHESIS OF CHIRAL ARCHAEBACTERIAL

MEMBRANE LIPID SYNTHONS

by

YANZHONG WU

Adviser: Dr. W. F. Berkowitz

2,6-dimethyl 1,6-heptadiene has been synthesized with improved
yield (65%) by cross coupling between 4-bromo-2-methyi-1-butene or the
tosylate of 3-methyl-3-butene-1-ol with the Grignard reagent of 3-chloro-
2-methylpropene in the presence of Li,CuCl,. Stereospecific cyclic hy-
droboration of the resulting diene with thexylborane, followed by
carbonylation/oxidation gave mseo-3,7-dimethylcyclooctanone as a pure
diastereoisomer in a one-pot synthetic procedure in 51% yield. The key

step in the synthesis of the desired C,, chiron was the asymmetric depro-
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tonation of mseo-3,7-dimethylcyclooctanone with the lithium salt of (+)-
bis-[(R)-1-phenylethyl]amine and “internal quench” with excess
trimethylsilylchloride to give [((3S,7R)-3,7-dimethyl-1-cyclo-octen-1-
yloxyltrimethyl-silane in good yield (85%) and in high optical purity
(98% ee). Ozonolysis reaction of the resulting enol silyl ether gave C,,
chiron (3R,75)-3,7-dimethyl-8-hydroxyoctanoic acid in 27% overall yield
in 5 steps. We believe this chiron will be applicable to the synthesis of
archaebacterial lipids.

Copper-catalyzed cross-coupling of alkylsamarium reagents with
alkyl halides was investigated. SmI,/HMPA converts alkyl iodides and
bromides to alkylsamarium reagents which can be cross-coupled with
primary iodides, bromides, and secondary iodides in the presence of Cu(I)
halides or Li;CuCl; at room temperature. The alkylation of primary io-
dides gives high yields of cross-coupling products with negligible homo-
coupling products. The method is especially useful for small scale cross-
coupling reactions.

Archaebacterial lipid Cj chiron, methyl 16-[(#-butyldiphenyl-
silyl)oxy]-(3R,7R,118,155)-3,7,1 1,15-tetramethylhexadecanoate was syn-

thesized by using both copper-catalyzed coupling of the Grignard reagent
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of 1-bromo-8-(t-butyldiphenylsilyloxy)-(ZR,7S)-3,7-dimethyloctane with
methyl (3R,7S)-3,7-dimethyl-8-iodooctanoate, and copper-catalyzed
cross-coupling of the samarium reagent of 8-(z-butyldiphenylsilyloxy)-1-
iodo-(2R,7S5)-3,7-dimethyloctane with methyl (3R,7S)-3,7-dimethyl-8-
iodooctanoate, in 71% and 81% yields, respectively. A C,y dibromide,
1,16-dibromo-(3R,78,108,14R)-3,7,10, 14-tetramethylhexadecane was sy-
nthesized by copper-catalyzed Grignard homo-coupling of 1-bromo-8-(z-
butyldiphenylsilyoxy)-(2S,6R)-2,6-dimethyloctane, followed by desilyla-
tion and bromination. A vitamin E side chain synthon, (3R,7R)-(+)-
3,7,11-trimethyldodecan-1-ol (98% ee), was synthesized in 19% overall

yield in 9 steps.
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Chapter 1. Introduction

1.1 Background

The chiral syn-1,5-dimethylalkyl subunit 1 (R,, R, = different
functional groups) is found in many natural products: e.g., the ubiquitous
phytol' side chains of vitamins E (2)* and K 3);° chlorophyll (4);* lyco-
padiene (S) produced by microalga Botryococcus braunii;’ some marine
natural products (e.g., fasciculatin (6),° a marine sponge sesquiterpenoid);
and pheromones of pine sawflies (7),"® tsetse flies (8),% red flour beetles
(9),%'° male stink bugs,® mountain ash bentwings, and alfalfa blotch leaf
miners.® This structural element is also found in membrane lipids (e.g.,
10, 11, and 12) of archaebacteria,'! a type of microorganism living under
extreme conditions such as high temperature, high salt concentration, low
pH, or absence of oxygen. The membrane lipids'? of archaebacteria may
be an important factor in the unusual adaptation of such organisms to ex-
treme conditions."”> An important feature is the fact their membrane lipids
include isoprenoid glycerol ether linkages instead of the usual fatty acid

glycerol ester linkages.
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Among the most common lipids isolated from these prokaryotes
are derivatives of two" C,-symmetric, sn-2,3-bisbiphytanylglycerol tetra-
ethers 11 and 12 (R, R’ = glycoside, phosphate ester, hexitol, etc.).
Model studies by Kakinuma'* have employed sequential bonding of two
unmethylated 16-substituted hexadecyl glycerol diethers to produce both
of the C,-symmetric forms of the cyclic, unmethylated, straight-chain, 72-
membered ring glycerol tetraethers, closing the 72-membered rings using
a McMurry reaction.

It is apparent that the same strategy can be applied to the ultimate
syntheses of the natural polymethylated lipids 11 and 12. As isolation of
even the most predominant archaebacterial lipids in a sufficient quantity
to attempt liposome formation is a monumental task, further biomedical
study will require their synthesis.

The synthesis of the chiron C, (1) and C;y (14) is the main subject

of this dissertation.">"!
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1.2 Synthesis of syn-1,5-dimethyl C;o units
1.2.1 Using a chiral auxiliary

Heathcock et al.'” have synthesized the enantiomerically enriched
unit 1 by using a chiral auxiliary oxazolidinone (15). A highly 1,2-
diastereoselective aldol reaction (17: 98.6% ee) followed by a 1,5-
stereoselective (21, 95.5:4.5) Ireland-Claisen rearrangement and final
workup gave a scalemic compound 23 (91% ee, 22% overall yield, 11

steps), as shown in Scheme 1.

Scheme 1. Heathcock et al. sequence

iN OH
__ 2)CH~CHCHO \ 77%) e
PH' Me (80%) PH Me °
15 16
OH (')H
Hozcj/k/ LAH_ DMAP, Et;N
(95%) HOW TBDMSCI
17 18 (65%)
98.6% ee
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O

P CH;COCL, Py 9]
TBDMSO/YV (IOO%)ﬁ. TBDMSO /Yv
v 20
1)LDA COH
TBDMSO
L, TEPMSOTYSTYTE b0y
4)K,CO3, MeOH Stereoselectivity (95.5:4.5) (99%)
91% ee
(86%) s

TBDMSO’Y\/\‘/C()zH LAH p-TsCl KCN, CH,CN

o — >
(98%) Py 18-crown-6
22 (96%) (90%)
DIBAL 11 ste
— PS
pentane TBDMS O’YVY\CHO overall yield 22%
(82%) 23 91% ee

1.2.2 Using chiral compounds as starting materials

Kakinuma et al.' have synthesized optically pure, differentially
protected Cyo units by starting with a commercially available methyl (R)-
3-hydroxy-2-methylpropionate 24 (99% ee). A Cio chiral unit 30 was

synthesized in 28% overall yield after 15 steps, as shown in Scheme 2.
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Scheme 2. Kakinuma et al. sequence

HO COMe Ethyl vinyl etlﬁ' LAH’ TsCl, EX NaCli
24 PPTS, THF Me,SO
overall yield 98%

EE0 L_CN 2MHGI _TBSCI _ pBAL BsO_L_~,

H
25 THF Im/DMF 26
overall yield 67%
BnOC(=NH)CCl

(=NH) $3 M [—LCl MsCL Py’ PhSH, KZCOJ mCPBA’

TfOH, ether THF DMF CH,Ch
overall yield 81%
27 (85%) 28

1) n-Buli, THF/HMPA, -78 oC
(73 %)12) 28)

! 5% Na
TBSOWOBn—(ﬂ TBSO \J\/\/k/\ OBn

MeOH
SO,Ph (86%)
29 30
15 steps
Overall yield 28%
99% ee
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Czeskis et al."® have synthesized optically pure, differentially pro-
tected C;o units 38 in a more classical manner by linking two chiral C;
precursors (35, 36) using copper-catalyzed Grignard coupling. These C;
units were made by the decarboxylation of a Cs unit which is formed as a
result of the oxidative cleavage of the side chain of diosgenin and other
(25R)-sapogenins®, as shown in Scheme 3. The overall maximum yield

of 38 may be 11% from the following sequence because the authors'®>°

did not give the yield of 34.
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Scheme 3. Czeskis et al. sequence

et

' 200 oC ; HOAc
31 ' 32
Sarsasapogenin Pseudosarsasapogenin

CHs\C @)
! CH; H CO-H
: H;0" AcO 2
E -COC HzC Hp_CCHzOC OCH3_’
i 33 34

(40%) l 3 steps

M0 | aco r Br
Br/CCl,

(81%) 36 35
1) Mg/Ether 1) 9-BBN/THF
35 2= ACOM L
2) LoCuClyTEE 2) NaOAC/H,0,
3)(36) 37 (59%)
(59%)
9 steps
OH
ACO/Y\/Y\/ overall yield < 11%
38 Optically pure
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1.2.3 Using an enzyme to produce chiral centers

A much shorter route was developed by Gramatica et al.2! for the
preparation of an optically pure C,y fragment, hydroxy ester 42, via two
microbial reductions, from geraniol (39) in 4 steps with 2.5% overall

yield, as shown in Scheme 4.

Scheme 4. Gramatica et al. sequence

/g/\/k/\ S. cerevisiae /K/\/k/\
OH OH

(29%) g
39 0 40
> 98% ee
DAc,o H bakers'
2) Se0, MOAC 35% H
(25%) 41 . 42
Diastereomeric purity > 95%

4 steps, overall yield 2.5%

1.2.4 Racemic C,o unit produced by ring cleavage

Gambacorta et al* have synthesized a racemic syn-1,5-
dimethylalkyl unit by a ring cleavage, as shown in Scheme 5. They
started from selective ketalization of dione” 44 which was made from the

reaction of the morpholine enamine of 2-methylcyclohexanone with
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acryloyl chloride, followed by reduction with LAH. Subsequent rear-
rangement afforded two epimers 46 (1.3:1). Conversion of the protected
formyl group into a methyl group of 49 was accomplished after ozonoly-
sis of ketal 46 to ester 47, LAH reduction of ester 47 to alcohol 48, de-
protonation of the primary alcohol 48 with n-BuLi, reaction of the re-
sulting anion with (Me>N),POCI to give 49, and final reduction of 49
with lithium to 50. Hydrolysis of the ketal 50 in acid afforded two easily
separable epimers of 51 (4.1:1). Kinetic silylation (LDA, TMSBEr) of cis-
S1 gave a mixture of the corresponding silyl enol ethers (52, 53, regiose-
lectivity 3:1). Ozonolysis, reduction in situ, and methylation gave a sepa-
rable mixture of the target syn-isoprenoid unit 54 as a racemic mixture in

48% overall yields for 13 steps.
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Scheme 5. Gambacorta et al. sequence

1) Morpholine (CHZOTMS)Z/
2) CHz—CHCOCl TROTMS _
3)H;0"

43

(87%) (97%)

TsOH 0 03 —\-OH
y 0
(CH,OH), 46
cis:trans 1.3:1
(95%)
PO(NMe,),
, 0
LaH, on 2BuliDME
Me,N),pOCl O
48 49
g O
——p —_—
Li ENH,, O 95% D/
t-BuOH
(95%) from 47 50

cis:trans 4.1:1

LDA T™MSO TMSO
TMSBr + jo/
52 53

cis-S1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DO /\/k/\/L
~———> HO CO,Me

2) NaBH,
3)CH,N, 54
(78% ) 13 steps
Overall yield 48%

1.3 Synthesis of C,, units

There are two major reactions in the synthetic literature to con-
struct C,g units from C,¢ units. One is the alkylation of a sulfonate with
an alkyl halide which was used by Heathcock et al.!” and Kakinuma et al.
% Another is the copper-catalyzed Grignard reaction, which was used by
Czeskis et al."”

Heathcock et al. started from aldehyde 23 (Scheme 1) to give io-
dide 55 and sulfonate 56 after 11 steps of functional group changes. Al-
kylation of 56 with 55 to give 57, reduction of 57 with lithium to remove
the sulfonyl group, and desilylation of the resulting crude product gave

C20 58 in 2.3% overall yield, as shown in Scheme 6.
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Scheme 6. Synthesis of Cy, unit by Heathcock et al.

5 steps [
TBDMSOWCHO —_’,TBDMSO'Y\/Y\/
(61%
23 *) 55
6 steps ‘
(69%)
1) n-BuLi, HMPA
O b
56 (65%)
1) Li, HMPA
O b ]
TBDMSO/Y\/YTY\/Y\’ MEM TtI.-IFBu&I’
O,Ph (43%)
57
TBDMS O/Y\/Y\/Y\/YVOMEM
58
25 steps from 15
Overall yield 2.3%

Kakinuma et al. used the same method as Heathcock et al. to syn-
thesize a sulfonate 60 starting with 30 (Scheme 2). Alkylation of 60 with
59 and reduction of the resulting product with lithium to remove the sul-
fonyl and benzyl groups gave C,q 61 in 15% overall yield, as shown in

Scheme 7.
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Scheme 7. Synthesis of C; unit by Kakinuma et al.

\/k/\)\/‘ g
TBSO OBn —-—-—.b TBSO\/k/\/k/\I

30 88% 59
(86%) % 4 steps
PhsO, A~ N~ 1) n-BuLi, HMPA LVEtNH)
A PIC) T T @%)
(85%)
TBSO\/k/\/k/\/k/\/k/\OH
61
24 steps from 24

Overall yield 15%

Czeskis et al. coupled two bromides 62, 63 made from 37, 38
(Scheme 3) using Kochi conditions* to give 64. Hydroboration and oxi-
dation of 64 yielded a difunctional C, unit 65 in less than 5% overall

yield, as shown in Scheme 8.
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Scheme 8. Synthesis of C»g unit by Czeskis et al.

OH Br
ACOW CBry/Ph;P Aco’Y\/Y\/

82%
38 ? 62
Ac OM 3 steps
— Brm
37 (99%)
63
1) Mg/THF
2) Lix,CuC
) bhlu 14 ACO/Y\/Y\/Y\/\(\ 9"BBN
3) (62) H0,
4) Ac,0 64 NaOAc
(69%) (82%)
Ac O/Y\/Y\/Y\/YVOH
65
16 steps from 31
Overall yield less 5%
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1.4 Synthesis of syn-1,5-dimethyl C, units

Although C, fragments cannot be used to build Cyo units directly,
as can coupling of two C,q fragments, the synthesis of C, fragments is of
pertinent interest.

Deslongchamps et al.”® desymmetrized meso-Cg-diol 70 using ami-

nolysis of a cyclic carbonate 71 with a chiral amine, as shown in Scheme

9.

Scheme 9. Deslongchamp et al. sequence

CH,OH, H' COLH; oy NaoH
95%) (CoH);NCH,CHs
( CO:)_CH3 2tls Ci 5
0 (68%)
66 67
Br. CO,CH; Pb(OAc), Br-. 1) O;
< oI
Br Py B 2) LAH
COCH;  (84%) (95%)
69

68
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CeHs—C—NHLi
Br-. OH phosgene B O CH,
' Py > :
. OH (30%) °F 0 (86%)
70 71
Br. r
OH OH
+
O?NH?HC(,Hs 0§NH¢H06H5
CH; 50:50 CH;
72 73
73 CH;Li KL CH=C=CHJﬁ CH;0H ‘/k*/\)\\
Ether OCNHCHC H, OH 5% PA/C/ OCNHCHCH;  OH
(98%) O CH, B 0 Cw
74 (98%) 75

9 steps, overall yield 18%
Optically pure

The C, fragment was constructed by insertion of a carbon via cy-
clopropanation of meso dimethyl cyclohexene diester 67. Ozonolysis and
reduction of the resulting product 69 of oxidative decarboxylation of 68
gave a meso-Cy-diol 70, and then 70 was transformed into the symmetric

nine-membered cyclic carbonate 71 with (-)-a-phenylethylamine, yield-
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ing a mixture of optically active diastereoisomeric urethanes 72 and 73
which were separable. Ring opening of cyclopropane of 72 to allene 74
and hydrogenation of allene 74 gave an optically pure fragment Cy 75 in

18% overall yield in 9 steps.

Hanessian et al.*® developed stereocontrolled methylation of a
scalemic butyrolactone derived from S-glutamic acid®® to produce a C,
fragment, as shown in Scheme 10. The commercially available optically
pure S-glutamic acid 76 was converted to the carboxylic acid lactone 77
with complete retention of configuration. Selective reduction of this acid
lactone with borane and treatment of the resulting alcohol with naphtha-
lenesulfonyl chloride in pyridine gave a lactone 78 with one face blocked
by the bulky naphthalenesulfonate group. Treatment of 78 with lithium
hexamethyldisilazide followed by methyl iodide, and chromatographic
purification of the mixture of isomers (>11:1) gave 79 as the major
product. Reduction of this lactone, preferential silylation, and treatment
with sodium methoxide gave the epoxide 80 in excellent overall yield. A
two-carbon extension by treatment with dilithium 2-phenylthioacetate,
followed by lactonization with ethyl(dimethylaminoethyl)-carbodiimide

led to 81 as a mixture of isomers at C-2. Raney-nickel desulfurization
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and methylation again gave lactone 82 as the major product (>11:1).
Reduction and sequential esterification of 82 with pivaloyl chloride gave
a secondary alcohol 83. Treatment of 83 with methanesulfonyl chloride
and reduction of the resulting product with LAH gave a Cy unit 85 in

3.4% overall yield.

Scheme 10. Hanessian et al. sequence

NH,

HO,C 7 C0o NANOACL - 3™ =0 1BHyTHE
76 (55%) 2) RCl/Py
77 (37%)
Optically pure R = naphthalenesulfonate
1) LIN(TMS)y/ 1) BH;-Me,S
RO RO 0
}p&o THF . o 2) TBDPSCI .
2) Mel 3) NaOMe/MeOH

Diastereoselectivity = 11:1
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1) PASCH,CO,H/ TBDES
HX-O_/—OTBDPS LIN(TMS), 0
Y —
Me 2)DMAP, EDAEC H SPh
80 (75%) 81
TBDPS
1)Raney Ni/MeOH 1) LAH
— O —
2) LIN(TMS ),/Mel 0  2)pvCl
(76%) H “— (60%)
82 Me

Diastereoselectivity = 11:1

LAH
OCOC(CH; =————*
71% from 83
84
5 g 15 steps
TBDPSO\/'\/\/'\/OH Overall yield 3.4%
%5 Optically pure

Still et al.”’ provided an efficient new way to build a meso syn-1,5-

dimethyl fragment in one reaction. The cyclic hydroboration of 2,6-
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dimethyl-1,6-heptadiene with thexylborane at -78 °C followed by an oxi-
dative workup gave the meso-diol as the major product (meso:dl = 15:1,
73%). They suggested that the transition state is a low-energy conforma-
tional substructure found in a number of rings having more than six
atoms, and the transition state should not experience substantially more
strain than that inherent to the ring formed. Hence, to the extent that the
hydroboration is intramolecular, the product should be meso.

Using the Still method, Chenevert et al.”” also made meso-2,6-
dimethyl-1,7-heptanediol, and esterified it enzymatically with isopro-
penyl acetate (IPA) in the presence of Pseudmonas cepacia lipase (PCL)
in organic medium to provide the 2R,65-nonracemic monoester 88 in

high enantiomeric excess (over 95% ee), as shown in Scheme 11.
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Scheme 11. Chenevert et al.sequence

/u\/\/u\ D(thx)BH, M M

2) H,0/NaOH OH OH™ OH OH
(59% ) meso Ci,l
86 15:1 87
H;
=
CH;
Transition state
PCL, IPA ’ 2 steps
_THF _ Overall yield 32%
(54%) OAc o8 OH 95% ee

The enzymatic reaction was performed on the mesol/d,l (15:1)
mixture. This enantioselective lipase-catalyzed reaction can separate all
three stereoisomers in a mixture of meso and racemic isomers. PCL fa-
vored the § stereocenter (vide infra), so the meso (R,S)-isomer was
monoacetylated, the (S,S)-enantiomer was diacetylated, and the (R,R)-
enantiomer did not react. The monoacetate 88 was easily separated from

the reaction mixture in 32% overall yield with an ee > 95%.
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It should also be noted that the recently described intramolecular
nucleophilic acyl substitution (INAS)*® reaction of Molander et al. is
clearly also capable of being applied to the synthesis of Cy or Cyo frag-

ments, as shown in Scheme 12.

Scheme 12. Molander’s sequence

/k/\/ki 2mgfcat o)
>
O/Y\I AcO

=78 0C+»rt
89 THF

90

L.5 Retrosynthesis of our target C,, chiron

Retrosynthetic analysis of molecule 14 C,, reveals that an efficient
route is the coupling of two C,, fragments, as shown in Scheme 13. Still
and Chenevert’s methods suggested to us that the C, fragment, syn-1,5-
dimethyl unit 1, could be obtained by addition of one more carbon to the
Cy fragment diol 86 (Scheme 12). This lead us to investigate formation

and asymmetric cleavage of cyclooctanone 92.
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Scheme 13. Retrosynthetic analysis

14 1
> O = O

OR

91 92

R = Protecting group

Q;M

93
Thus compound 91 could be obtained by asymmetric deprotonation
and silylation of a cycloketone 92, which can be obtained by standard hy-
droboration/carbonylation from diene 94.
According to our retrosynsthesis, 2,6-dimethyl-1,6-heptadiene (94)

is our key starting material. 2,6-Dimethyl-1,6-heptadiene is not available

commercially. It was first synthesized by Ansell and Thomas® in 1961 in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



only 11% yield, as shown in Scheme 14. Their alternative route to this
diene, the action of methylenetriphenylphosphorane on heptane-2,6-

dione, yielded a mixture of diene 94 and cyclodiene 100.

Scheme 14. Ansell and Thomas’s sequence

1) Mg, Et,0
/u\/\/OH 1) TsCl/Py /u\/\/I 2) (Ac),0

2) Nal, acetorﬁ:. (50%)
95 (53%) 96
(0]
CH,PPh, /u\/\/lk
—————m—
(11%)
97 94
(@) O O (0]

Ph;{(’:H2

o
99 100
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Compared to Ansell and Thomas, Irrgang et al.* improved the
yield for making diene 94 from heptane-2,6-dione (98) by using zinc and
titanium(IV) chloride; however, the yield was only 27%, as shown in

Scheme 15.

Scheme 15. Irrgang’s sequence

0 0 Zo/TiCl,
/"\/\/u\ CH;Br, /u\/\/u\

98 27% 94

Uijttewaal et al.’! synthesized this diene by reaction of diethyl
glutarate (101, n = 3) with excess methylenetriphenylphosphorane. When
the distance between the ester groups is small (RO,C(CH,),CO4R, n < 3)
appreciable interaction between the functional groups occurs, as evi-
denced by the low yields of olefins. When the ester groups are separated
by four carbon atoms or more, reaction with 8 equivalents of salt-free
ylide proceeds satisfactorily, and good yields of corresponding

bis(isopropenyl) compounds were obtained, as shown in Scheme 16.
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Scheme 16. Uijttewaal et al. sequence

0 0
)k( /u\ 8 eq. CH;=PPh; /IL J\
Et0” NCH,)” “OEt = (CHo)y
101

n 2 3 4 5 10
yield (%) 13 15 75 63 81
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Chapter 2. Results and Discussion

2.1 Our initial proposal

Our initial proposal, as outlined in Scheme 17 is similar to the se-

quence of Molander (Scheme 12).%

Scheme 17. Our initial proposal

PTSA sinin
)\/EL + CH,OH —» I/Ll Quining
00 96% MeO.C CO,H

0)

ﬁ BH3
——
MeO,C CO,H 82% MeO H,OH

104 105

]

s
2

|
104 + 105 137(35- n q
’ MeO, H:0,C CO,Me

106

H
Base ed A
(NaH, Na) MQOzc Hzo 2C O 2Me

107
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0]
ruj*fon N
MeO,C O,Me MeO (0
108 109
Clemmensen or '/k/\/H TBDMSCI M \|/
— —_—
Wolff-Kischner Co,H CH,O0H Im O.H 11 CHZOSi—

110

o

—_—
DlgAP OH CHO§i- —
2 112
Me,S
R\\/k/\/k/\/k/\/k/llz
13

We started with 3-methylglutaric anhydride (102) bought from
Aldrich, and used racemic methyl hydrogen 3-methylglutarate as starting
material to construct triester 106. We hoped triester 106 would undergo
an intramolecular Dieckmann condensation. Then, Clemmensen or
Wolff-Kishner reduction with concomitant hydrolysis and decarboxyla-

tion, should give a Cyo synthon, hydroxy-acid 108, 109. The key step is
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the change of triester 106 to 108 or lactone 109. In theory, when triester
106 is treated with strong bases, there are three positions which will form
anions, but only the more favorable 6-membered ring 113, compared to
the alternate 4 or 7 or 8-membered rings (114, 115, 116), should produce

product, as shown in Scheme 18.

Scheme 18. Intermediates for Dieckmann condensation

MCO‘)CraHQ()zQOzMC MCO‘)C CH702C \CO}MC

4-membered ring

114

6-membered ring
113

MeOC CH,0.C CO,Me Meozc’/aHzop\cFoZMe

4-membered ring

0000009

09000009

8-membered ring
118 116

Three different bases (NaH, LDA, Na) in different solvents

(toluene, benzene, hexene, THEF) at different reaction temperatures were

selected. Some of them are shown in Table 1. Unfortunately, none of the
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desired products were obtained. Most of reactions gave dimethyl 3-
methylglutarate, and some of them gave B-methyl-§-valerolactone. In
nonpolar solvent, we think an O-anion attacks another carbonyl group to
give a lactone and dimethyl ester, probably following the mechanism, as

shown in Scheme 19.

Scheme 19. Mechanism for Dieckmann reactions

"

Aol o L)
MeO,C  CHO.C D \0Me xS H0 5o oMe
117

118

111
"
(111

0Me+r{] . l\/l +Me0{]
oO-~_ 00 oMe o™ "0"N0 OMe

119 120 121 122

Ao o )
00 OMe MeO, O,Me

123 124
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Table 1. Dieckmann reactions in different conditions

Base |Solvent |Temp. | Reaction Result

°C |time, hr.
NaH |Benzene | Reflux 16 A* B
NaH | Hexane 52 2 72% of C recovered
NaH | Hexane rt 6 40% of C recovered
NaH | THF rt 19 7 side products
Na Toluene | Reflux 4 B, polymers
Na Benzene It 73 No reaction
Na THF Reflux 2 A, B and polymers
Na THF rt 2.5 B, polymers
LDA | THF -78 7 76% of C recovered
LDA | THF -78 28 28% of C and 5 side products

A: 3-methylvalerolactone, B: dimethyl 3-methylglutarate
C: starting material (Reaction condition: 1 g of starting

material in SOmL solvent with one equiv. of base).

Chenevert’s approach, desymmetrization of meso diol 86 is ineffi-

cient in two ways: 1) resolution gives only a 32% yield of a chiral syn-

thon, and 2) the product is a C, structure, entailing addition of one more
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carbon before coupling. We were hopeful that carbonylation of the boro-
cane intermediate 93 leading to 92 (see Scheme 17), followed by asym-
metric enolization of the resulting cyclooctanone 92 would lead to single
enantiomeric C,o synthon. The results are summarized in Scheme 20, 21

and 25.

2.2 Synthesis of 2,6-dimethyl-1,6-heptadiene (94)

Cross coupling between 4-bromo-2-methyl-1-butene®? (126) or the
tosylate®® 127 of 3-methyl-3-butene-1-ol (125) with the Grignard™ rea-
gent of 3-chloro-2-methylpropene (128) in the presence of Li,CuClL*
gave 2,6-dimethyl-1,6-heptadiene (94) in 65% yield (from 3-methyl-3-
buten-1-ol), a considerable improvement over previous methods
(11%%,15%>!, 27%). Although 17% of the homocoupling by-product,
2,5-dimethyl-1,6-hexadiene, was also found, the main product can be
obtained by distillation.

The coupling reaction between 4-bromo-2-methyl-1-butene 126
and the Grignard reagent gave a higher yield (87%) and less polymer side

product (from distillation residue) than did the tosylate 127 (70%). As
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4-bromo-2-methyl-1-butene is very volatile, some of it evaporated during
the preparation, and the isolated yield is only 75%, although 3-methyl-3-
buten-1-ol was completely converted to the bromide 126 (Ph;P, NBS).
Conversely, the tosylate of 3-methyl-3-butene-1-ol was prepared in
better yield (95%), although there was some inconvenience in handling
CH;Li). The overall yields for both two-step sequences are about the

same, but the route 125 to 126 to 94 was preferred.

Scheme 20. Synthesis of 2,6-dimethyl-1,6-heptadiene

1) CHs;Li, HMPA
—> Cl
OH  2)TsCl OTs
127 128

125 95%
PhsP, NBS (129), Li,CuCl,
(75%)|  chHycl, -78 0C—»r1t Mg, THF
0 =25 0oC (70%)
(129), Li,CuCl,
/u\/\ 78 OC_. L /u\/\/"\ /IK/M
126 o (87%)
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2.3 Synthesis of meso-3,7-dimethylcyclooctanone
2.3.1 Cyclic hydroboration

Cyclic hydroboration/oxidation of diene 94 with thexylborane*
was found by Still at al.”” (and confirmed by Chenevert et al.”™) to give
predominately meso-diol in 73% (59%) yield (meso / d,I = 15/ 1). On the
other hand, cyclic hydroboration with thexyl borane followed by carbon-
ylation/oxidation®> of the crude product produced meso-3,7-
dimethylcyclooctanone 92 as a pure diastereoisomer in 51% yield, as
shown in Scheme 21.

GC-MS showed one other component with M* 154 but of negligi-
ble intensity (0-0.2%), and >C NMR showed no peaks consistent with the

d [ diastereoisomer.
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Scheme 21. Synthesis of 3,7-dimethylcyclooctanone

Na B<
94 - a::CN
93 130

-+ C=N—~C—CF;  CF——CY ,C

131 132
-<:ji:>—- 3MNaOH_
- B' \N Hzoz
92
133 51% from the diene 94
b.p. 63.5-64.0 0C/1.5 mmHg
218.0-218.2 oC

Structure elucidation:

The signals in 'H NMR and "*C NMR spectra of all of the synthe-

sized compounds were assigned by DEPT, 2-D COSY, and 2-D HET-

COR in the experimental section.
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The GC-MS spectrum gave a molecular ion peak with prominent
intensity (M+, 12): Some of the distinctive peaks are rationalized, as

shown in Scheme 22.

Scheme 22. Fragmentation of cis-3,7-dimethylcyclooctanone

—Q—- 5w 139 (14)

Nf m/z 154(12)

134 135
CH,
) CHCHACH, | | cHy)Crc,
X CH, —_Co
. m/z 84(15)
135 136
@ _0
@ v/ o"@ /\ + +
7 os
C’H CH, o CH;CH=CHC=O : <->CH3CH-CE=§—I-61
H Y m/z 69(100):137 138
O+ -CO
135 l
m/z 41(60)

® +
— CH;=CHCH,CH(CH;)CH,C20 + CH,CH,CH,CH(CH;)CH,C=0
m/z 111(21) m/z 112(45)
139 140
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M—2—a m/z 97(16), 98(17). M Tcﬂo’ m/z 56(35), 55(52).

Interestingly, cis-3,7-dimethylcyclooctanone (92) exhibits a big
difference in chemical shift between the o and o’ protons (AB-quartet)
on C-2 and C-8 (Av = 0.37ppm, with J,, = 18 Hz). This big difference is
caused by the rigid ring structure and the adjacent methyl groups, as

shown in Scheme 23.

Scheme 23. Probable conformations of ketone 92

H

92a
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There may be three conformations of 92, chair-like (92a, 92b) or
boat-like (92¢). H, and Hj are in different environments in all the three

conformations.

2.3.2 Stereoselectivity of cyclic hydroboration

It is likely that the Still/Chenevert’s results (Scheme 11) were due
to the presence of appreciable polymeric borane besides the desired
(cyclic) borocane 93 and oxidation of this mixture gave the meso/d,/ diol
(86, 87) product mixture actually isolated. Carbonylation, on the other
hand, could have proceeded only from 93, which resulted from a highly
stereoselective cyclic hydroboration as Still had predicted.

According to Brown et al.** and Pelter et al.,*¥ hydroboration of di-
enes with thexylborane in many cases gives high yields of cyclic boranes,
especially 1,4-pentadiene, 1,5-hexadiene, and 1,5-cyclooctadiene. On the
other hand, the corresponding reaction of 1,7-octadiene does not, and hy-
droboration of 1,6-heptadiene using BH,CI**** gives polymeric product,
although depolymerization at high temperature gives the monomeric

product. Thus, it is more difficult to make an 8-membered ring borane
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without polymerization. This is probably the reason we only obtained a
moderate yield of cis-3,7-dimethylcyclooctanone.

There are three methods to mix thexylborane with diene: addition
of borane-to-diene, diene-to-borane, and the simultaneous addition of
thexylborane and a diene. Brown et al.>** favored the first procedure
(borane-to-diene) as more convenient, and they found the simultaneous
addition did not offer any noticeable advantage. We tried all three ap-
proaches, and Still’s method (addition of the diene to borane) gave the
best result so far.

We found that the reaction temperatures and ratios of diene 94 to
thexylborane affected the yields of diols, and the ratio of meso/d,l diols,

as shown in Table 2.
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Table 2. The effect of the reaction temperatures and reactant ratios on
the yield and ratio (meso/d,[) of diol.

BHy/Diene  Temp.(°’C) Time (h)  meso/dl* Yield (%)

1.1/1.0 -78-rt 18 9.0/1 61
3.0/1.0 -78-rt 18 4.5/1 83
1.1/1.0 ~78-reflux 4 6.5/1 86
1.1/1.0 0-reflux 4 4.8/1 81

*According to °C NMR. 5 mmol of the diene in 50 mL
of THF was used in each experiment.

We attempted to increase the yield of cyclic hydroboration by a
stepwise route, as shown in Scheme 24. Stepwise hydroboration of two
different alkenes followed by replacement of the borane by a carbonyl
group is one of the important routes for the synthesis of unsymmetrical
ketone.” Thexylchloroborane®® can be readily prepared from
BH,CI'Me,S. We tried the following reactions, as shown in Scheme 24.
We hoped that hydroboration of one double bond of diene 94 with
thexylchloroborane (143), followed by reduction of the chloroborane ad-
duct 144 and intramolecular hydroboration of 145 would give meso prod-

uct 86 in higher yield. Unfortunately, the results were not satisfactory.
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Hydroboration of diene (94, 1 eq) with thexylchloroborane (le q.) gave a

mixture of diol and mono-enol.

Scheme 24. Stepwise hydroboration of diene 94

BH,CI +
,Cl Me,S >=.< Tood ThxBHCI

141 142 143
BThxCl ) BThxH
ThxBHCI D% __ LiAFH,
143 090C,16h
144 145
—Q— H202 M M
=+ SMNeOH H OH

23 2.1:1

ThBHC 1) /"vv"\ 00C, 10h
2) H,04/3 M NaOH
2.3:1

86, 87

Another important consideration is that during carbonylation of tri-
alkylboranes proceeds via intramolecular transfer of alkyl groups from

boron to carbon, the migratory aptitude of a tertiary alkyl group, such as
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the thexyl (2,3-dimethyl-2-butyl) group, is much lower than that of a pri-
mary or a secondary groups. Consequently, carbonylation-oxidation of
thexylboranes is almost quantitative, as shown in Scheme 21. Similarly,
the reaction of organoboranes with NaCN is quantitative prior to addition
of an electrophile such as benzoyl chloride, N-phenylbenzimidoyl chio-
ride, or trifluoroacetic anhydride. We chose trifluoroacetic anhydride as
an acylating reagent since it gives the best yield** in this kind of reaction,

and the reaction occurred readily below room temperature.

2.4 Synthesis of C;, chirons

Deprotonation of a ketone followed by a reaction of the resulting
enolate with an electrophile is one of the fundamental reaction sequences
in organic synthesis. During recent years, a growing number of papers
dealing with enantioselective deprotonation®’ of cyclic ketones (most of
them are 6-membered rings) with a number of chiral lithjum amides have
appeared. However, no enantioselective deprotonation of an 8-membered
ring has been reported yet. There are many chiral bases which can be
used. We used (+)-bis-[(R)-1-phenylethyl]-amine, since both enanti-

omers are commercially available. In the event, the reaction was gratify-
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ingly enantioselective for cis-3,7-dimethylcyclooctanone with the amide

of this base.

Deprotonation of the above ketone with the lithium salt of (+)-bis-
[(R)-1-phenylethyl]amine (147) and quenching the resulting enolate with

acetic anhydride yielded an enol acetate 148 in 42% yield, as shown in

Scheme 25.
Scheme 25. Synthesis of C;q chirons
Me HH Me l)n-Buli
Ph >CN \C";Ph 2%
T 3)(Ac),0 COCH
-78 oC 3
147 (41%) 148
[a], 109 (¢ 1.52,CHCL)
86% ee according to NMR
(Ac),O
2 ——
cat. HC104
rt COCH;
N 149
(42%) Racemic

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



46

The GC-MS spectrum of enol acetate 148 gave a molecular ion

peak with the visible intensity (M ,1). Some of the distinctive peaks are

rationalized, as shown in Scheme 26.

Scheme 26. Fragmentation of (3S,7R)-3,7-dimethyl-

1-cycloocten-1-ol acetate

., —> CHC=0+

P m/z 43 (68)
O~Cch,

148
m*/z 196 (1)

:. +
150 m/z154(29) 151

same as ketone_ 139 (20), 98 (20), 97 (23), 69 (44), 55 27),
41 (34), 111 (100), 112 (92).
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m/z 97 (23)
153

¢
‘H +
— ——% H, —» CH;=CHCH(CH;)CH=C=0H
:C :OH
+ +
150 152

CH
——+ CH;~CHCH,CHCH;CH=C=0H ——% m/z 96 (34)
m/z 111 (100)
154

In comparison, the racemic enol acetate 149 was made from ketone
92 with acetic anhydride in the presence of HCIO,*®. Chiral shift reagent
Eu(hfc); (tris(3-heptaﬂuorobutyryl-d-camphorato)europium(III)) induced
separation of the '"H NMR position of the two methyl groups of racemic
enol acetate (149). One of the methyl groups (8 0.93, d, J = 6.6 Hz) on
the ring was split into two doublets (51.11, 1.17, J = 6.6 Hz) with 1:1
ratio and baseline separation.

Chiral shift reagent Eu(hfc); (tris(3-heptafluorobutyryl-d-
camphorato)europium(Ill)) was also applied to the enantiomerically

enriched enol acetate 148. The methyl group (8 0.93, J = 6.6 Hz) was
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split into two doublets (§ 1.10, 1.16, J = 6.6 Hz) with a 7:93 ratio (86%
ee).

Silylation according to the “internal quench” technique® has been
proven to lead to the best results as far as reactions of ketones of Cs
symmetry are concerned. cis-3,7-Dimethylcyclooctanone  was
deprotonated by the lithium salt of (+)-bis-[(R)-1-phenylethyl]amine
(147) and the resulting enolate was internally quenched with excess
trimethylsilyl chloride to give the corresponding enol trimethylsilyl ether
155 in 85% yield. The chiral shift reagent had no observable effect on
155. The ring of 155 was opened by ozonolysis/reduction,*®® and the
corresponding hydroxy acid 156 was converted in turn to the hydroxy
ester 157 and diol 158. In comparison, cis-3,7-dimethylcyclooctanone
was deprotonated by LDA and quenched with excess trimethylsilyl
chloride to give the corresponding racemic enol silyl ether 160 in 88%
yield. The ring was opened by ozonolysis followed by a reduction
workup, and esterification with methanol to give a racemic methyl (3R,7S
and 3S,7R)-3,7-dimethyl-8-hydroxyoctanate (161), as shown in Scheme

27.
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Scheme 27. Synthesis of C;y Chirons

Me HH M 1)n-Buli

\ 7 \7  2)(CHysSiCl
Ph -C-N—C-Ph 3; 292)3)3 -
H anc SiCH);
147 &5%) 18
[o]n 120 (c, 2.3, CHCL)
1)0; -78 oC CH;OH
——p
2)NagBI;I4 H OOH PTSA
(95%) 156 (98%)
[a]} -3.6 (c 2.41, CHCL)
LiAH, OH
H OOCH H
157 > (98%) 158
25
[o]y -3.9 (¢ 15,CHCL) [a]p -7.0 (c 2, CHCL)
98% ee
1) n-BuLi
> < 2)(CH,):SiCl
N >
B~ YR
- (o) .
159 (88% ) SI(CH3)3
160
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1) 0s,-78 oC
2) NaBH,
3)CH;OH, PTSA. OH 0,CH;

0 161
(90%) Racemic

Chiral shift reagent Eu(hfc); induced separation of the 'H NMR
positions of the methoxyl groups of the enantiomers of hydroxy ester 161.
The methyl group (8 3.67, s, COOCH;) was split into a doublet (5 4.16,
4.11) with 1:1 ratio and base line separation.

Chiral shift reagent Eu(hfc); was also applied to chiral hydroxy
ester 157. The methyl group (5 3.67, s, COOCH;) was split into a

doublet (5 4.15, 4.10) in a 99:1 ratio, as shown in Figure 1.
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4.16 411 4.15

(a) . (b)
. /} 410
N
| I

Fig. 1. Partial '"H NMR of methyl 8-hydroxy-3,7-
dimethylcyclooctanoate (a) racemic 161, (b) optically active 157.

The ee of hydroxy ester 157 is thus 98%, and consequently so is
the enol silyl ether, as no subsequent transformation would have
epimerized any position. This result also proves that cyclooctanone 92
was the meso-dimethyl diastereomer, as the chiral diastereoisomer would
have given a racemic mixture upon deprotonation/silylation.

Some of distinctive peaks of enol trimethylsilyl ether 157 in the

GC-MS spectrum are rationalized as shown in Scheme 28.
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Scheme 28. Fragmentation of [((3S,7R)-3,7-dimethyl-1-

cycloocten-1-yl)oxy]trimethylsilane

H;
+ .
¢H3 > ?l—CH3
O-$1—CH3 CH3
CHs 162
155
m'/z 226 (15) m/z 73 (100)
Y=8i—CHj 0— 1—CH3
CH3 CH3
163 221127y 164
OH
' Hy — JCH
O—giZe CH;
TyrCH, 166
CH;
165 m/z 75 (47)
CH; —» - Cofls 2197 )
3
A CHs O $i—CH,CH;
H—CHQ H
155 167
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168 169
m/z 183 (64) m/z 184 (23)

Some of the distinctive peaks of (3R,7S)-3,7-dimethyl-8-hydroxy-
octanoic acid (156) in the GC-MS spectrum are rationalized, as shown in

Scheme 29.

Scheme 29. Fragmentation of (3R,7S5)-3,7-dimethyl-8-hydroxyoctanoic

acid.
- -> : "':
170 ¢ :Q” OH
m/z 87 (100) H 172

171 m/z 101 (8)

H

173 H o as70100
m/z 101 (8) 174 287 (100)
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176 H-0% “OH
m/z 129 (2) 177

m/z 158 (25)

Some of the distinctive peaks of methyl (3R,7S)-3,7-dimethyl-8-
hydroxyoctanoate (157) in the GC-MS spectrum are rationalized as

shown in Scheme 30.

Scheme 30. Fragmentation of methyl (3R,75)-3,7-

dimethyl-8-hydroxyoctanoate

.ﬁ,’H

’ —» CH,COCH

O i ,C 3
-Q” OCH; 178

157 m/z 74 (36)

M*—» COOCH;" + '/k/\/LCH{
179 OH 180
m/z 59 (7) m/z 143 (0.6)
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— 129 (9), 101 (100), 87 ), 73 (6), 59 (17).
a+.

M" —» CH;CHCH,COCH; + 115 (7), 129 (8), 171 (3).
181
m/z 101 (100)

+

po + OCH;

182
m/z 171 (3)

OH
m/z 31 (9)

Finally, the optical purity of 157 was determined by reduction with
LiAlH, to the known (25,6R)-2,6-dimethyloctane-1,8-diol with [ot]p?
-7.0 (¢ 2.1, CHCL); lit” [a]p® -6.3 (¢ 9.5, CHCL), >98% ee, from
geraniol, as shown in Scheme 4. Our results (NMR, IR) matched the

reference.

2.5 Synthesis of a vitamin E side chain synthon
In recent years, vitamin E (a-tocopherol), a potent antioxidant and
radical scavenger in chemical and biological systems, has receieved

increasing attention with regard to clinical and nutritional application in
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human heath.** Phytanol (187) (3R,7R)-(+)-3,7,1 1-trimethyldodecan-1-
ol**served as a key intermediate in the total synthesis of vitamin E.* A
Cio chiron (157) obtained from hydroboration/asymmetric

deprotonation/ozonolysis' of diene 94 can be easily transformed into 187,

as shown in Scheme 31.

Scheme 31. Synthesis of Phytanol (187)

M PhsP, NBS M
OOCH
H 02M CH2C12 3
157

93%
[@]3 =4.84, ¢, 5.71, CHCL

OOCH
H 0,Me CH2C12 3
157

(93%) ”
[a]3 4.84 (c 5.71,CHCL)

LiAWAlCls, OoH TBDPSCI, Im
Et,0, -780C CHCh 1t
(89%) 184 95%)

[2]® -28 (c 0.11, CHCL)
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OTBDPS MgBr
—

‘ 185 LoCuClyTHE
”s -78 OC+ 1t
[a]5 -1.91 (c 3.93,CHCL) (68%)

TB
/l\/\/k/\/k/\OTBDPS _AF.

T
186 8I-II;,

[a]5 -1.45 (c 1.72,CHCL)

)\/\/k/\/k/\OH > 2

187 Phytanol vitamin E
( a-tocopherol )

[aly 3.53 (c 1.205, CHCL)
2 23
lit. [@]5 3.56 (c 1.805,CHCL)

OH /k/‘MgBr

: > 187
r . LiyCuCly/THF

. -78 0C+ rt
[]¥ -28 (¢ 0.11, CHCL) (87%)

Hydroxy ester 157 was converted to bromo ester 183 with

PhsP/NBS* in CH,Cl, in 93% yield. Alane reduction®® of 183 at -78°C in
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ether gave bromo alcohol 184 in 89% yield. Silylation* of 184 using
tert-butyldiphenylsilyl chloride in methylene chloride to protect the
hydroxy group provided 185 in 95% yield. Cross coupling between 185
with excess Grignard reagent (10 eq) of 1-bromo-3-methylbutane in the
presence of LiCuCl, gave a protected Phytanol 113 in 68% yield.
Deprotection of 186 with TBAF gave Phytanol 187 in 81% yield.
Directly from cross coupling between bromo alcohol 184 with the excess
Grignard reagent (10 eq) of 1-bromo-3-methylbutane in the presence of
Li,CuCl, also gave 187 in 87% yield, and TLC showed all of the bromo
alcohol was consumed. The optically active (98% ee) C;s alcohol was
thus prepared in 7 steps from diene 94 in 29% overall yield. The IR, 'H

NMR, BC NMR, and optical rotation of 187 matched the reference*2.

2.6 Synthesis of a C,, chiron using a Grignard reagent

Head to tail coupling two Cjo units will give the desired Cyo
synthon 13 applicable to the synthesis of archaebacterial lipids 10 and
11. Hydroxy ester 157 was converted to iodo ester 188 with PhsP/NIS in
CH,Cl, in 72% yield, as shown in Scheme 32. In the meantime, hydroxy

ester 157 was protected by fert-butyldiphenylsilyl chloride® to give 189
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in 91% yield, then reduced with LAH to give 190 in 94% yield, and
converted to bromide 191 with Ph;P/NBS in 87% yield.

Cross-coupling between the Grignard reagent of 191 (2 eq) and
iodo ester 188 (1 eq) at 0 °C in the presence of Li,CuCl, in THF gave Cy
chiron 192 in 71% yield. The 'H NMR, *C NMR, IR, and ESI-MS

(M+H", 581.3) spectra matched this compound.

Scheme 32. Synthesis of Cy chiron

M PhsP, NIS M
H O0,CH; CHCL O.CH;
157 188

(72%)
TBDPSCL Im []3 7.20 (¢ 6.90,CHCL)

(91%)
CH,Ch, 1t

ther
TBDPS oocH;,; Eter  oTBDPS
189

(94%) 190

[2]Z 1.55 (c 5.09, CHCL) []Z 0.42 (c 3.86,CHCL)
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1) Mg/THF, 40 oC
PhsP, NBS Br 2)LyCuCl,
———
CHCL  OTBDPS ”M
87% 191 O,CH
) 188 X
[a]3 -3.77 (c 5.67,CHCL) (71%)
TBDPS O,CH;

192
[2]® 1.50 (c 1.70,CHCL)

In order to maximize the yield of the cross-coupling reaction
between the Grignard reagent of 191 and iodo ester 188, the following

model reactions were investigated, as shown in Scheme 33.
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Scheme 33. Model study on Grignard reactions

Mg, Et,0 H,0 CH;(CH,);OTBDPS
»>—p

Br(CH,){OTBDPS .
> > 200G, 21 194: 70%
0.5 mmol TBDPSO(CH,);,(OTBDPS
195: 7%

Mg, THF H,0 CH;(CH,);OTBDPS
> ——p

194: 65%

Br(CHz)zi(g);I'BDPS 200C.2h ” ()
0.5 mmol TBDPSO(CH,);iOTBDPS

195: 6%

Upon conversion of bromide 193 to the Grignard reagent in ether
14% of the bromide was homo-coupled. The result was essentially
unchanged in THF.

In order to avoid homo-coupling during Grignard formation, model

studies on samarium mediated cross-coupling reactions were initiated.
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2.7 Copper-catalyzed cross-coupling of alkylsamarium reagents with
alkyl halides

2.7.1 Model studies on cross-coupling reaction

In order to find a new way to increase the yield of C-C bond
formation of a small scale reaction, cross-coupling of organosamarium
species with organic halides was investigated.

Sml; is a powerful one-electron reducing agent that can be
prepared in moderate concentrations (0.1 M) in THF using several
different reactions with samarium metal. Preparation times vary from 1 h

to 12 h.47.48

THF
Sm +ICHCHI - Smb + CH=CH,

Sm + ICH,I m Sml, + 0.5 CH;=CH,

Sm + I, — L Sml,
12h

Deep blue solutions of Sml, are generated in virtually quantitative

yields by all of these methods, but diiodomethane or diiodoethane need to
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be purified. For reproducible synthetic purposes, Sml, is freshly made
and used within several days, although THF solutions of Sml, are
commercially available. Sml; is easily handled by standard techniques
for the manipulation of air-sensitive materials.

The development of samarium(II) reagents for the reduction of
organic functional groups and for carbon-carbon bond formation has
received a great deal of attention®® since Kagan and coworkers developed
a convenient synthesis of Sml, and provided an outline for its reactivity
with organic functional groups.’® It is believed that the reduction of
organic halides by SmI/HMPA,** or Sm(OTf),"! under “Grignard”
conditions forms organosamarium(IIl) intermediates. The development
of copper-catalyzed conjugate additions of such reagents by Curran and
Wipf® led us to wonder if they might also be used for copper-catalyzed
cross-coupling of alkyl halides. This is indeed the case, as summarized in
Table 3 and 4.

From Table 3, it can be seen that CuBr is the most effective
catalyst for cross-coupling (90%). CuCl and Cul gave moderate yields of
cross-coupling product (entries 2,3). Li,CuCl, (0.1 M in THF) also give

good results (75%), and was easier to handle. Replacement of CuBr with
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FeCl; or ZnCl, in the above experiments failed to give any homo or
cross-coupling product. In the absence of Cu catalyst, no coupling was

observed.

Table 3. Cross-coupling of alkyl halides catalyzed by different copper

salts?

Entry RX R’X Catalyst R-R® R’-R** R-R’®

1 n-C7H1 5Bl' n-C61-113I CuBr 0 3 90
2 n-C;H;sBr  n-CgHj5L CuCl 3 8 77
3 n-C7H15Br n-C5H13I Cul 8 3 68

4 n-C;HisBr  n-CeHysl Li,CuCl, 5 2 75859

2.5 eq SmI2, 8.3 eq of HMPA, 1.0 eq of RX, 0.17 eq of catalyst,
and 0.83 eq of R’X,, 15 min, rt. * Yields were determined by GC.
Structures and yields were identified by GC/MS comparison with
known materials. ° Yield based on RX. © yield based on R’X.
1.0 eq of RX and 0.5 eq of R’X were used.

From Table 4, it can be seen that coupling of primary or secondary
alkylsamarium reagents, from bromides or iodides, with primary iodides
affords useable yields of cross coupling products with little or no
homocoupling by-product. On the other hand, coupling of a primary

alkylsamarium with benzyl bromide or isopropyl iodide is less efficient,
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and is useless with an alkyl bromide. We also tried to make organo-
samarium reagents from i0dobenzene, bromobenzene, methyl 2-
bromoacetate, methyl 3-bromopropanoate, the tosylate of 1-hexanol, 1,6-
dibromo-hexane, ethyl 5-bromopentanoate, and methyl 8-iodooctanoate,
and then couple them with 1-iodohexane, but in no case was a Cross-
coupling product observed.  Although alkylsamarium “Grignard”
reagents appear to react with an ester group,” here, coupling via the
copper derivative with an w-iodoester was quite efficient, as shown in

Scheme 34.
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Table 4. Cross-coupling of several alkyl halides, catalyzed by CuBr®

Entry RX R’X R-R®* R-R’® R-R*
1 n-CoH;sl n-CeH,;1 5 1 87(929
2 2-bromoheptane n-CgHj;5l1 0 2 48(60°)
3 n-CgH;;51 n-C;H;sBr 3 0 9

4 n-C1oH,,Br n-C;H,Br 0 nd 63f
5 n-C5H1 3I C5H5CH2B1’ 9 nd 32
6 C5H5CHzBI' n-CsHl 3I nd 8 53

7 n-C;oHyBr  2-iodopropane nd nd 51¢

Reaction conditions and a,b,c,d as in Table 3. 6 h. 20 h.
nd: not determined.
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Scheme 34. Cross-coupling of several functionalized alkyl halides

PhP/Im/1

HO(CH. 3
(CHp)yCO,CH; m’ I(CH)4CO,CH;

196 (78%) 197

TBDP
196 SClm_ TBDPSO(CH,){CO,Me

CH,CL, rt
98%) 198

LAH PhyP/Imy/I,
i TB ————l
o0 DPSO(CHp)(OH —— o

(95%) 199 (85%)

1) SmIyHMPA
2) CuBr

3) (197)
rt

81%

TBDPZS(S)(CHZ)IOI » TBDPSO(CH,);4CO,CHj

201

(CH30),CHyYP,05

199 CHcL, > TBDPSO(CH,);0MOM

(85%) 202

B
uNF/THF

PhsP/Im/IL
1% MOMO(CH,),,OH 3PT2> I(CH,);;OMOM

203 2LCh 204
(85%)

1) SmIyHMPA/THF
2) CuBr
-> TBDPSO(CH,),(OMOM

3) (204), rt
85%) 205

200
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Methyl 10-hydroxydecanoate (available from Aldrich) 196 was
converted to iodoester 197 with Ph;P/Im/L, in CHyCl; in 78% yield. In
the meantime, 196 was protected by tert-butyldiphenylsilyl chloride to
give 198 in 98% yield, then reduced with LAH to give 199 in 95% yield,
and converted to iodide 200 with Ph;P/Im/T, in 85% yield. Cross-
coupling between 10-(z-butyldiphenylsilyloxy)-1-iododecane 200 (1.2 eq)
using Sml, (2.5 eq) / HMPA (10 eq) / CuBr (0.2 eq) and methyl 10-
iododecanoate 197 (1 eq) at room temperature afforded methyl 20-(z-
butyldiphenylsilyloxy)icosanoate 201 in 71% yield, and when 2
equivalent of 10-(z-butyldiphenylsilyloxy)-1-iododecane 200 were used,
the yield was 81%. In order to examine the effect of the other functional
group on the yield of the coupling reaction, 10-(¢-butyldiphenylsilyloxy)-
decan-1-ol 199 was transformed to 10-(¢-butyldiphenylsilyloxy)-1-
(methoxymethoxy)decane 202 with methylal/P,O5 in CHCl; in 85% yield.
Desilylation of 202 with Bu,NF/THF gave 10-(methoxymethoxy)decan-
I-ol 203 in 91% yield and which was further transformed into 10-
(methoxymethoxy)-1-iododecane 204 with Ph;P/Im/I, in 85% yield.
Cross-coupling between 10-(z-butyldiphenylsilyloxy)-1-iododecane 200

(1.2 eq) using Sml, (2.5 eq) / HMPA (10 eq) / CuBr (0.2 eq) and 10-
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(methoxymethoxy)-1-iododecane 204 (1 eq) at room temperature
afforded 10-[(t-butyldiphenylsilyl)oxy]—1-(methoxymethoxy)icosane 205
in 85% yield, and when 2 equivalent of 10-(s-butyldiphenylsilyloxy)-1-
iododecane 200 was used, the yield was 89%. Thus, a MOM protecting
group is better in this reaction than an ester group.

The mechanism proposed by Totleben, Curran and Wipf*® for the
copper catalyzed conjugate addition of alkylsamarium reagents may be

adapted to the cross-coupling reactions, as shown in Scheme 35.

Scheme 35. Mechanism for samarium mediated crossing-coupling

reaction
2.5eq Sml, 0.20 eq CuX
1.2 eq RX Sml; + RSmIX
"5 T0eq vPA 3 or LCuCl, . RCuSmIX,
206 11 15 min 207  ,5min 208
X =Br, I X =Cl, Br, I
2L R,CuSml, + Smx, %R’-R + RCuSmLX
209 XeBr1 210 211
! 207 |
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Alkylsamarium 207 is the presumed product of the reduction of
alkyl iodides or bromides in THF/HMPA at room temperature.
Alkylsamarium 207 is transmetalated smoothly in situ to monoalkyl
copper samarium species 208 with copper salts. The nucleophilic ability
of this species is only marginal. It then reacts with a second equivalent of
organosamarium reagent 207 to form a dialkylsamarium copper complex
209. It is this complex 209 that is coupled with another alkyl halide to
give the cross-coupling product 210. Because the by-product of the
coupling reaction, 211, can combine with another equivalent of
organosamarium reagent 207 to regenerate dialkylsamarium copper
complex 209, only a catalytic amount of Copper(I) is needed. In fact,
when 1 full equivalent of copper salt was used, no cross coupling product

was observed, presumably because there was not sufficient RSmIX 207

remaining to form dialkylsamarium copper complex 209.
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2.7.2 Synthesis of a Cq chiron using samarium
The reaction conditions for model studies were applied to the

synthesis of enantiomerically pure compounds, as shown in Scheme 36.

Scheme 36. Synthesis of a Cy chiron by using samarium

190 —mm—»
CHCh TBDPS
(86%) 212
[a]; -6.06 (c 2.51, CHCL)
1) SmlyHMPA
2) CuBr
—
3) M TBDPS O,CH;
O,CH; 192
188
(81%)

Cross-coupling  between 8-(¢-butyldiphenylsilyloxy)-1-iodo-
(2R,75)-3,7-dimethyloctane (212, 1.2 eq) and methyl (3R,75)-3,7-
dimethyl-8-iodooctanoate (188, 1 eq) gave methyl 16-[(¢-butyldiphenyl-
silyl)oxy]-(3R,7R,118,155)-3,7,11,15-tetramethylhexa-decanoate (192) in

81% yield.
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By comparison with the Grignard reaction (71%), this reaction
gave a higher yield of 192, and the reaction proceeded within 1 h.
Alkylsamarium reagents can be easily prepared by Sml, reduction of
functionalized alkyl iodides and coupled smoothly with functionalized
alkyl iodides at room temperature. Compared to the Grignard reactions,
this methodology is considerably milder and faster and results in a better

yield, especially on small scale reactions.

2.8 Attempt to synthesize a C4 chiron

The archaebacterial C4, diol can in theory be constructed efficiently
from C,, synthons (e.g. 212) by 1) head to head coupling followed by 2)
head to tail coupling, or the reverse. Here we describe an attempt to use

the first route, as shown in Scheme 37.
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Scheme 37. Attempt to synthesis the C,4q chiron

1) Mg/THF ) )
2—-’) LoCuCle ’\/:\/\/.\_/k/\/k/\
191 (e = IBDPSO oy OTBDPS
<78 0C» rt 25
(68%) [al -1.21 (¢ 0.99,CHCL )
__.n-Bu,,NF W _NBS/Ph3P-
HO OH
(90%) (91%)

[e]}’ 3.20 (c 1.97,CHCL)

] ] 1) Sml/HMPA/THF

Br /\/.\/\/‘\_/k/\/k/\Br 2) CuBr >

215 3) M
[a] -5.38 (c 1.51, CHCL) 0,CH;

188

Homocoupling of 191 under Kochi conditions gave a C,-
symmetrical Cy chiron 213 in 68% yield. Desilylation of 213 with

TBAF in THF yielded a C,, diol 214 in 90% yield. Double bromination
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with NBS/Ph;P in CH,Cl, afforded a C,, dibromide 215 in 91% yield.
Treatment of this dibromide 215 with 5 equivalent of Sml, and 20
equivalent HMPA, followed by a catalytic amount of CuBr, and 2
equivalents of iodoester 188 gave only a trace of the desired product 217
(identified by its high resolution mass spectrum: M+H, 467.4838). The
products or mono-coupling and mono-reduction, methyl (3R,7R,118S,15S,-
185,225)-3,7,11,15,18,22-hexamethyl-hexa-icosanoate (216) was the
major product, in 68% yield.

The reason there is efficient mono coupling but only trace double
coupling product 217 may be that the competition of the various
samarium complexes for the available copper, limits formation of 224,
and that there are many intermediates which can produce 216 when the

reaction mixture is acidified, as shown in Scheme 38.
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Scheme 38. Possible mechanism for the above coupling reaction

SmI
Br-CyrBr —— IBrSmC oy SmBrl <225 BrSm-C ,-CuSmBr,]

215 HMPA 218 219
[-Co-CO,CH
218, ((BrSmC),CuSmBrl 9.;8 ]
220

IBrSmC,,CoCO,CH; + IBrSm-C,;:CuSmBrl,

221 222
‘Cu(I)
LBrSmCUC,,CoCO,CH; 213 1Brs mCCuCyCO,Me
223 H;0” 224
{H:0" = l188
H-CpCO,CHyw BrSmCCO,Me + MeO,CCoC2CsCO,Me
216 ot 221 + 217
wH;
LBrSmCuCCO,Me + IBrSmC»CuSmBrl,
223 222
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2.9 Conclusions

2,6-dimethyl 1,6-heptadiene has been synthesized with improved
yield (65%) by cross coupling between 4-bromo-2-methyl-1-butene or the
tosylate of 3-methyl-3-butene-1-ol with the Grignard reagent of 3-chloro-
2-methylpropene in the presence of Li,CuCl. Stereospecific cyclic
hydroboration of the resulting diene with thexylborane, followed by
carbonylation/oxidation gave mseo-3,7-dimethylcyclooctanone as a pure
diastereoisomer in a one-pot synthetic procedure in 51% yield. The key
step in the synthesis of C;y was the asymmetric deprotonation of mseo-
3,7-dimethylcyclooctanone with the lithium salt of (+)-bis-[(R)-1-
phenylethyljamine and “internal quench” with excess trimethylsilyl-
chloride to give [((3S,7R)-3,7-dimethyl-l-cyclo-octen-l-yl)oxy]trimethyl-
silane in good yield (85%) and in high optical purity (98% ee).
Ozonolysis reaction of the resulting enol silyl ether gave C,o chiron
(3R,7S)-3,7-dimethyl-8-hydroxyoctanoic acid in 27% overall yield in 5
steps. We believe this chiron will be applicable to the synthesis of
archaebacterial lipids.

Copper-catalyzed cross-coupling of alkylsamarium reagents with

alkyl halides was investigated. SmI,/HMPA converts alkyl iodides and
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bromides to alkylsamarium reagents which can be cross-coupled with
primary iodides, bromides, and secondary iodides in the presence of Cu(l)
halides or Li;CuCl, at room temperature. The alkylation of primary
iodides gives high yields of cross-coupling products with negligible
homo-coupling products. The method is especially useful for small scale
cross-coupling reactions.

Archaebacterial lipid Cy chirons, methyl 16-[(z-butyldiphenyl-
silyl)oxy]-(3R,7R,118,15S5)-3,7,1 1,15-tetramethylhexadecanoate was syn-
thesized by using both copper-catalyzed Grignard reaction of 1-bromo-8-
(t-butyldiphenylsilyloxy)-(2R,7S)-3,7-dimethyloctane with methyl (3R,-
75)-3,7-dimethyl-8-iodooctanoate and copper-catalyzed cross-coupling of
the samarium reagent of 8-(t-butyldiphenylsilyloxy)-1-iodo-(2R,7S)-3,7-
dimethyloctane with methyl (3R,7S)-3,7-dimethyl-8-iodo-octanoate in
71% and 81% yields, respectively. A C,9 dibromide, 1,16-dibromo-
(3R,7S5,108,14R)-3,7,10,14-tetramethyl-hexadecane was synthesized by
copper-catalyzed homo-coupling of 1-bromo-8-(z-butyldiphenylsilyoxy)-
(25,6R)-2,6-dimethyloctane, followed by desilylation and bromination. A
vitamin E side chain synthon, (3R,7R)-(+)-3,7,1 1-trimethyldodecan-1-ol

(98% ee), was synthesized in 19% overall yield in 9 steps.
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2.10 Suggestion for further work

Scheme 39. Suggestion for the total synthesis of archaebacterial

membered lipid 11 or 12.

,/L/\/k/\/k/\/H TBAF
—_—

OTBDPS COZCH3
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Cl CH,OH
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Chapter 3. Experimental Section

General. All air-sensitive reactions were carried out under argon or
nitrogen. Diethyl ether and THF were distilled under nitrogen from sodium
and benzophenone. CH,Cl, was distilled from CaH,. All amines were dis-
tilled under reduced pressure. Trimethylsilyl chloride was distilled from
CaH, and used immediately. HMPA was distilled from CaH, and deoxy-
genated with argon. Sm metal and Cu salts were bought from Aldrich and
used directly.

IR spectra were recorded on a Perkin-Elmer 1600-Series FTIR spec-
trophotometer. 'H NMR, *C NMR, 2D-COSY, 1D-DEPT and, 2D-
HETCOR spectra were recorded on a Bruker CXP400 spectrometer operat-
ing at 100.6MHzfor “C and 400 MHz for 'H. Chemical shifts were re-
ported in § (from internal Me,Si). Optical rotations were measured in a 1.0-
dm cell on a JASCO Model DIP-140 digital polarimeter. Gas chroma-
tographic analyses were performed on a Shimadzu GC-8A gas chromatog-
raphy with a column (2% OV-1), using helium as carrier gas. GC-MS
spectra were recorded on a HP 5972 GC/MS 30x0.25 mm DB-5 fused silica
capillary column gas chromatography-mass spectrometer. TLC was carried

out on silica gel GF Analtech Uniplates. Flash column chromatography was
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performed on silica gel 60 (230-400 mesh ASTM). Distillations were per-
formed with either a column packed with glass helices or an annular teflon
spinning band column. All organic solvents were dried over anhydrous
MgSQs, unless otherwise noted. Solutions were concentrated under reduced

pressure on rotary evaporator (water pump), unless otherwise noted.

Synthesis of methyl hydrogen 3-methylglutarate (103):

Stallberg’s method was used.>® A mixture of 3-methylglutaric anhy-
dride (102, 62.7 g, 0.490 mol) and anhydrous methanol (23.9 mL, 0.588
mol) was refluxed for 1.25 h. The mixture was concentrated on a rotary
evaporator and vacuum distilled to yield 76.1 g (97%) of methyl hydrogen
3-methylglutarate, bp 114-117 °C/1.7 mmHg (lit.** bp 107-108 °C/0.5
mmHg); IR (CCL) 2500-3500 (br), 2953.3, 2674.2, 1740.1 (s), 1708.3 (s),
1458.0, 1436.4, 1413.6, 1370.0, 1293.8, 1209.3, 1161.3, 1083.9 cm™ ; 'H
NMR (CDCl;, 400 MHz) 6 1.05 (d, 3H, J = 6.3 Hz, CHs3), 2.27-2.48 (m, SH,

2CH,, CH), 3.68 (s, 3H, OCHS,).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



83

Synthesis of racemic methyl S-hydroxy-3-methylpentanoate (105):
Herold’s method was used.”> A 10 M solution of BH3;Me,S (8.13
mmol, 0.81 mL) was added during 1.5 h to a solution of methyl hydrogen 3-
methylglutarate (0.89 mL, 6.25 mmol) in dry THF (7 mL) cooled to -20 °C
(2:3 methanol/water dry ice) under nitrogen. The mixture was warmed to
room temperature and stirred at 22 °C for 21 h, then cooled to 0 °C. Water
(7 mL) was carefully added and the solvent was removed in vacuo. The
residue was extracted with ether (3x20 mL), and the combined extracts were
washed with 1 N HCI, aqueous NaHCOs, and brine, then dried and concen-
trated on a rotary evaporator and the residue was purified by flash chroma-
tography (SiO,, 10/1, CH,Cl,:EtOAc) to afford 7.46 g (82%) of (105); IR
(CCL) 3634.5, 3528.7 (br), 2952.9, 2929.4, 2870.7, 2360.3, 2341.4, 1741.2,
1454.0, 1436.4 cm™'; '"H NMR (CDCl;, 400 MHz) § 0.98 (d, J = 6 Hz, 3H,
CH3), 1.48-1.61 (m, 2H, O-C-CH,), 1.78 (s, 1H, OH), 2.10-2.38 (m, 3H,

CH,CO, CH), 3.65-3.71 (m, 5SH, O-CH,, OCHs;).
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Synthesis of 4-methoxycarbonyl-3-methylbutyl methyl 3-methyl-
pentanedioate (106):

Paquette’s method was used.”® To a solution of methyl hydrogen 3-
methylglutarate (103) (7.40 g, 46.2 mmol) in anhydrous ether (25 mL) was
added a solution of dicyclohexylcarbodiimide (9.50 g, 46.2 mmol) in anhy-
drous ether (5 mL) during 35 min. at 0 °C. Following this, 4-
(dimethylamino)pyridine (0.14 g, 1.18 mmol) was added in one portion at
0°C, and the mixture was stirred at room temperature for 22 h. The mixture
was filtered and concentrated. The residue was chromatographed on silica
gel (elution with 4:1 hexane / ethyl acetate), giving 9.50 g (96%) of 106,
and GC showed a single peak at t = 15.6 min. (temp:column, 180 °C,
Det/Inj, 220 °C); IR (CCLy) 2952.9, 2876.4, 2843.7, 1740.2 (s), 1458.8,
1436.1, 1369.4, 1265.9, 1194.2, 1173.3, 1083.2, 1013.1 cm”; 'H NMR
(CDCl;, 400 MHz) 6 0.98, 1.01 (2d, J = 8.0, 6.0 Hz, 6H), 1.43-1.82 (m,
2H), 2.02-2.53 (m, 8H), 3.68 (s, 6H), 4.07-4.18 (m, 2H); Anal. Calcd. for

CiaH2404: C, 58.32; H, 8.39. Found: C, 58.43; H, 8.52.
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Synthesis of the tosylate of 3-methyl-3-butene-1-ol (127):

Stock’s™? method, using methyllithium in place of pyridine, was
used. To a dry, 500 mL, three necked flask equipped with a magnetic stir-
rer, a pressure equalizing dropping funnel, and an argon inlet tube, were
added under an argon atmosphere 3-methyl-3-buten-1-ol (10.0 g, 0.116
mol), freshly distilled HMPA (20.2 mL, 0.116 mol), and triphenylmethane
(20 mg). The stirred solution was cooled to 0°C with an ice bath, and meth-
yllithium (82.9 mL, 0.116 mol, in ether) was added during 30 min. After
the addition was complete, the funnel was rinsed with ether (10 mL), and a
pink solution was obtained. A solution of p-toluenesulfonyl chloride (23.3
g, 0.122 mol) in ether (80 mL) was added during a period of 30 min to the
cold mixture. The temperature was raised to room temperature, and the
mixture was stirred for 3 h, then poured into water (100 mL). The flask was
washed with ether (100 mL), and the combined organic phases were washed
with water (4x100 mL), and brine (100 mL), then dried. The solvent was
evaporated and the residue was purified by flash chromatography (SiO,,
10:1 hexane/ether) to yield 26.1g (94%) of tosylate of 3-methyl-3-buten-1-
ol. TLC (5:1, hexane:ethyl acetate) showed one spot; IR** (CCl,) 3080.0,
2973.9, 2921.8, 1652.1, 1599.1, 1446.1, 1368.5, 1188.9, 1178.5, 1098.3,

1020.8, 969.8, 899.7 cm™; 'H NMR (CDCls, 400 MHz) & 1.66 (s, 3H,
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CH;C=), 2.35 (t, J = 6.8 Hz, 2H, CH,C=), 2.45 (s, 3H, CHs), 4.13 (t, J = 6.9
Hz, 2H, OCH,), 4.68, 4.79 (2brs, 2H, =CH,), 7.35 (d, J = 8.1 Hz, 2H, CH),
7.79 (d, J = 8.3 Hz, 2H, CH); C NMR (CDCl;, 100 MHz) & 21.65 (CH;
on phenyl), 22.34 (CH; on C-3), 36.74 (C-2), 68.53 (C-1), 113.12 (C-4),
127.93 (C on phenyl), 129.83 (C on phenyl), 133.13 (C on phenyl), 140.14

(C on phenyl), 144.75 (C-3).

Synthesis of 4-bromo-2-methyl-1-butene®?* (126):

The method of Bose* was used. To a dry, 1 liter, round-bottomed,
two-necked flask equipped with a septum inlet and a magnetic stirrer
flushed with a slow flow of nitrogen were added 3-methyl-3-butene-1-o0l
(50.5 mL, 0.500 mol), triphenylphosphine (144 g, 0.550 mol) and dry
CH;Cl, (100 mL). The solution was cooled in an ice bath, and N-
bromosuccinimide (97.9 g, 0.550 mol) was added in several portions with
vigorous stirring. Stirring was continued for 3 h at room temperature.
Then, hexane (300 mL) was added to the flask, the mixture was filtered
through a short silica gel pad, which was washed with hexane (200 mL).
The solvents were removed by distillation at 1 atm, and the residue was
distilled under reduced pressure to yield 55.9 g (75%) of 4-bromo-2-bromo-

1-butene, bp 63-65 °C/90 mmHg, and GC-MS showed a single peak at tg =
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4.92min. Lit.*** bp 40°C/40 mmHg; IR (CCL): 3038.5, 2972.2, 2938.5,
2917.8, 1651.5, 1448.6, 1375.9, 1253.6, 1210.4, 898.3 cm™ ; 'H NMR
(CDCls, 400 MHz) § 1.75 (s, 3H, CH;), 2.58 (t, J = 7.4 Hz, 2H, CH,C=),
3.48 (t, J = 7.3 Hz, 2H, CH,Br), 4.78, 4.86 (2s, 2H, =CH,); °C NMR
(CDCl;, 100 MHz) & 21.94 (CH; on C-2), 30.80 (C-4), 40.90 (C-3), 112.68
(C-1), 142.41 (C-2); MS (EI) m/z (relative intensity), 151 (M+1, 0.8), 150
(M, *'Br, 13), 148 (M", ™Br, 14), 135 (0.4), 133 (0.5), 95 (2.3), 93 (2.5), 82
(1.3), 80 (1.3), 70 (5.5), 69 (100), 68 (9.1), 67 (16), 55 (20), 53 (21), 41

(81), 39 (46), 27 (22).

Synthesis of 2,6-dimethyl-1,6-heptadiene?*~%>! (94) from 4-bromo-2-
methyl-1-butene (126):

Kochi’s coupling method was employed.** To a dried, 500 mL, ar-
gon-filled three-neck flask were added magnesium turnings (29.2 g, 1.20
mol) and dry THF (200 mL). While the magnesium-THF mixture was
stirred vigorously at 0°C, a solution of 3-chloro-2-methyl-1-propene (128,
59.2 mL, 0.60 mol) in dry THF (200 mL) was added dropwise during a
period of 8 h. The mixture was stirred overnight at room temperature. The
resulting Grignard reagent was siphoned into a 1 liter three-necked flask

which contained 4-bromo-2-methyl-1-butene (126, 44.8 g, 0.30 mol),
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Li;CuCl, (30 ml, 3.00 mmol, 0.1 M in THF), and dry THF (200 mL) at -78
°C. The mixture was stirred for 1 h at -78 °C, then for 6 h at 0 °C,and 18 h
at room temperature. Then, saturated aqueous aqueous NaCl (100 mL) was
added, the resulting mixture was filtered through a short pad of Celite 545,
which was washed with ether (150 mL). The aqueous layer was separated
and extracted with ether (3x50 mL). The combined organic extracts were
washed with brine, and dried, and then the solvent was removed by distilla-
tion. The residue was distilled to yield 32.43 g (87%) of 2,6-dimethyl-1,6-
heptadiene, bp 135-136°C (1it.” bp 138-139 °C) and GC-MS showed a sin-
gle peak at tg = 6.32 min; IR (CCly) 3075.1, 2969.9, 2937.4, 1648.8,
1446.1, 1373.9, 889.6 cm™; 'H NMR (CDCl;, 400 MHz) § 1.57 (p, J = 7.6
Hz, 2H, CHy), 1.72 (s, 6H, 2CH;), 2.00 (t, J = 7.7 Hz, 4H, CH,), 4.68, 4.71
(2s, 4H, =CH,); °C NMR ( CDCls;, 100 MHz) 6 22.41 (CH; on C-2,6),
25.56 (C-4), 37.38 (C-3,5), 109.83 (C-2,6), 145.94 (C-1,7); MS (EI) m/z
(relative intensity), 124 (M, 2), 109 (24), 96 (14), 81 (20), 68 (100), 57

(12), 53 (18), 41 (61).
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Synthesis of 2,6-dimethyl-1,6-heptadiene (94) from the tosylate of 3-
methyl-3-butene-1-ol (127):

Kochi’s coupling method was employed.”* To a dried, 250 mL, ar-
gon-filled three-neck flask were added magnesium turnings (5.47 g, 0.225
mol) and dry THF (100 mL). While the magnesium-THF mixture was
stirred vigorously at 0 °C, a solution of 3-chloro-2-methyl-1-propene (14.8
mL, 0.150 mol) in dry THF (50 mL) was added dropwise during a period of
4.5 h. The mixture was stirred for 3 h at room temperature, the resulting
Grignard reagent was cooled to -78 °C and siphoned into a 500 mL three-
necked flask which contained the tosylate of 3-methyl-3-butene-1-ol (127,
18.02 g, 0.075 mol) in dry THF (100 mL) at -78 °C. A solution of Li,CuCl,
(7.5 mL, 0.75 mmol, 0.1 M) in THF was injected into the flask. The mix-
ture was stirred for 1 h at -78 °C, then for 6 h at 0 °C, and 15 h at room tem-
perature. Then, 100 mL of saturated aqueous aqueous NaCl was added, the
resulting mixture was filtered through a short pad of Celite 545, which was
washed with pentane (100 mL). The aqueous layer was separated and ex-
tracted with pentane (2x30 mL). The combined organic extracts were
washed with saturated aqueous NH,CI, saturated aqueous NaHCO;, and
dried. The solvent was removed by distillation at 1 atm and the residue was

distilled to yield 10.96 g (70%) of 2,6-dimethyl-1,6-heptadiene (94), bp
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135-136 °C. Comparison of spectra and GC-MS retention time (k=633

min) showed the two samples of 94 to be identical.

Synthesis of cis-3,7-dimethylcyclooctanone 92):

Brown’s method was used.** An oven dried, 3-neck flask was fitted
with an L-shaped solid-addition tube, an injection septum, a magnetic stir-
ring bar, and a vacuum/nitrogen inlet. Into the sidearm was placed dry,
finely divided sodium cyanide (1.08 g, 22.0 mmol). The apparatus was
then evacuated and filled with nitrogen, which was then maintained at a
positive pressure until the oxidation step was complete. Tetrahydrofuran
(200 mL) and borane-THF (22.0 mL of 1.0 M, 22.0 mmol) were introduced
and the temperature was lowered to -25 °C. By syringe, 2,3-dimethylbut-2-
ene (2.62 mL, 22.0 mmol) was slowly added to the stirred solution. The
mixture was stirred for 2 h at 0 °C, then the temperature was lowered to -78
°C and 2,6-dimethyl-1,6-heptadiene (94, 2.48 g, 20.0 mmol) was added
during 15 min. The cooling bath was removed after addition of the diene,
and the mixture was allowed to warm to room temperature and stirred for 20

h.

The solid addition sidearm was then rotated so that the sodium
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cyanide was introduced (Caution HCN gas!). The mixture was stirred for 2
h, during which time most of the sodium cyanide dissolved. The mixture
was cooled to -78 °C, trifluoroacetic anhydride (3.38 mL, 24.0 mmol) was
added dropwise with vigorous stirring, and the mixture was allowed to
warm to room temperature during 1 h. The flask was cooled to 0 °C and
NaOH solution (15 mL, 3 M), followed H,0, (28 mL, 30%) were added.
This mixture was stirred for 3 h at room temperature and 20 min. at 50 °C.
The solution was then saturated aqueous with sodium chloride and the or-
ganic phase was separated, washed with saturated aqueous sodium bicar-
bonate and brine, dried (MgSO0,) and filtered. The solvent was distilled at 1
atm and the residue was purified by flash chromatography (Silica gel, hex-
ane/ethyl acetate : 40/1), then distilled to yield 1.58g (51%) of cis-3,7-
dimethylcyclooctanone (92), bp 63.5-64.0°C/1.5 mmHg and 218.0-218.2
°C; GC-MS showed a single peak at tg = 13.11 min; IR (CCLy) 2956.8,
2928.5, 2872.9, 1697.6, 1457.6, 1266.2, 1180.3 cm™* ; 'THNMR (CDCls, 400
MHz) 6 0.99 (d, J = 6.4 Hz, 6H), 1.23-1.37 (m, 3H), 1.40-1.54 (m, 1H),
1.60-1.75 (m, 2H), 2.15-2.22 (m, 4H), 2.53 (q, J = 18.0, 8.7 Hz, 2H); “C
NMR (CDCls, 100 MHz) § 22.44 (CH; on C-3,7), 22.63 (C-5), 32.49 (C-
3,7), 36.42 (C-4,6), 50.45 (C-2,8), 215.3 (C-1); MS (EI) m/z (relative inten-

sity), 155 (M+1, 1), 154 (M*, 12), 139 (14), 125 (11), 121 (9), 112 (45), 98
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(17), 84 (15), 81 (9), 69 (100), 55 (52), 41 (60), 39 (29), 27 (16). Anal

Calcd. for C,oH;30: C, 77.86; H, 11.76. Found: C,77.51,H, 11.72.

Synthesis of [((3S,7R)-3,7-dimethyl—l-cycloocten-l-yl)oxy]trimethyl-
silane (101):

Gleave’s method was used.>”® To a cold (-78 °C) 100 mL, flame dried
three necked flask which contained (+)-bis[ (R)-1-phenylethylJamine (147,
1.4 g, 6.50 mmol) in dry THF (65 mL) was added dropwise n-butyllithium
(6.25 mmol, 2.50 mL of 2.5 M solution in hexane). After 5 min, the cooling
bath was rev and the mixture was allowed to warm to room tempera-
ture during 35 min and then again lowered to -78 °C. Freshly distilled
TMSCI (3.17 mL, 25.0 mmol) in THF (6 mL) was added dropwise. The
cold mixture was stirred for 8 min, then cis-3,7-dimethylcyclooctanone (92,
0.770 g, 5.00 mmol) in THF (15 mL) was added dropwise during 40 min.
The resulting solution was stirred at -78 °C for 3 h, then Et;N (9 mL) was
added. The solution was allowed to warm to room temperature, saturated
aqueous NaHCO; solution (30 mL) was added, and the solvents were re-
moved under vacuum and the residue was extracted with pentane (3x50
mL). The combined extracts were washed with 0.1 M aqueous citric acid

(2x50 mL) and water (50 mL), dried (MgSO0;), and the solvent was removed
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under reduced pressure to give the crude product which was purified by
flash chromatography (SiO,, pentane) to yield 0.96 g (85%) of enol silyl
ether (0.96 g, 85 %) as a colorless oil; GC-MS showed a single peak at ty =
14.36 min; [a]p™ 120 (c 2.315, CHCL3); IR (CCly) 2957.8, 2925.2, 2870.1,
1655.0, 1457.6, 1380.0, 125 1.9, 1201.3, 1169.6, 875.8, 848.4 cm™; 'TH NMR
(CDCl3, 400 MHz) § 0.13 (s, 9H), 0.95 (d, J = 5.0 Hz, 3H), 097 (d, J = 4.8
Hz, 3H), 1.08-1.18 (m, 1H), 1.20-1.40 (m, 2H), 1.52-1.62 (m, 2H), 1.70-
1.80 (m, 2H), 1.88-1.98 (m, 1H), 2.2-2.3 (m, 1H), 2.60 (q,J = 14.0, 4.9 Hz,
1H), 445 (d, J = 7.6 Hz, 1H); °C NMR (CDCl;, 100 MHz) & 0.41 (Si
(CHzs)s), 21.63 (CH; on C-7), 23.59 (CH; on C-3), 24.81 (C-5), 32.08 (C-3),
33.79 (C-7), 34.28 (C-6), 37.18 (C-8),39.82 (C-4), 113.44 (C-2), 150.06 (C-
1); MS (EI) m/z (relative intensity), 228 (M+2, 0.8), 227 (M+1, 2.6), 226
M, 15), 211 (28.6), 197 (9.2), 184 (23.4), 183 (63.9), 169 (15.3), 157
(93.2), 144 (12.9), 130 (14.5), 121 (6.2), 115 (13.8), 99 (3.8), 93 (5.5), 75
(47), 73 (100), 55 (12.0), 45 (17.5), 39 (6.9). Anal. Calcd. for C13H0Si: C,

68.96; H, 11.57. Found: C, 68.58; H, 11.32.
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Synthesis of (3S,7R)-3,7-dimethyl-1-cycloocten-1-ol acetate (148):

To a 50 mL, flame dried three necked flask which contained (+)-bis[
(R)-1-phenylethyl]amine (147, 0.293 g, 1.00 mmol) in dry THF (20 mL)
was added dropwise n-butyllithium (1.20 mmol, 0.48 mL of a 2.5 M solu-
tion in hexane) at -78 °C. After 5 min, the cooling bath was removed, the
temperature was allowed to warm to room temperature during 35min. and
then again lowered to -78 °C. Then, cis-3,7-dimethylcyclooctanone (92,
0.154 g, 1.00 mmol) in THF (5 mL) was added dropwise during 5 min. The
resulting solution was stirred at -78 °C for 2 h, freshly distilled acetic anhy-
dride (0.28 mL, 3.00 mmol) was added dropwise during 1 min. and the
mixture was stirred for 1h at -78 °C. Saturated aqueous NH,Cl (10 mL) was
added, the solution was allowed to warm to room temperature. The solvents
were removed under vacuum and the residue was extracted with ether (3x20
mL). The combined ether extracts were washed with 0.1M aqueous citric
acid (2x30 mL) and saturated aqueous NaHCO; (35 mL), dried MgS0,),
and the solvent was removed to give the crude product which was purified
by flash chromatography (SiO,, 30:1 hexane/EtOAc) to yield 0.0386g

(41%) of enol acetate 148 and 0.0801g of unreacted ketone 92.
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Addition of 10mg of chiral shift reagent Eu(hfc);(tris(3-
heptaﬂuorobutyryl-d-camphorato)-europium (II)) to 6mg of chiral enol
acetate 148 in 0.7mL of CDCI;, the methyl group (0.93, J = 6.6 Hz) was
split into two doublets (1.10, 1.16, J = 6.6 Hz) with a 7:93 ratio (86% ee).
[alp® 109 (c 1.52, CHCL;); IR (CCLy) 2959.1, 2926.7, 2826.1, 1754.6,
1460.2, 1366.6, 1224.4, 1057.9 cm™; '"H NMR (CDCls, 400 MHz) § 0.93 (d,
J = 6.6 Hz, 3H), 1.02 (d, J = 6.7 Hz, 3H), 1.15-1.46 (m, 3H), 1.55-1.67 (m,
2H), 1.75-1.85 (m, 1H), 1.90-2.03 (m, 2H, 7-CH), 2.09 (s, 3H), 2.38-2.48
(m, 1H), 2.69 (q, J = 15.6, 5.2 Hz, 1H), 5.01 (d, J = 7.9 Hz, 1H); ’C NMR
(CDCls, 100 MHz) 8 21.59 (COCH;), 21.80 (CH; on C-7), 22.77 (CH; on
C-3), 24.30 (C-5), 31.52 (C-3), 33.22 (C-7), 34.29 (C-4 or 6), 34.94 (C-8),
38.92 (C-6 or 4), 123.57 (C-2), 147.52 (C-1), 169.75 (C=0); MS (EI) m/z
(relative intensity), 196 (M, 1), 154 (29), 139 (20), 125 (12), 112 (92), 111
(100), 98 (20), 97 (23), 96 (34), 85 (27), 69 (44), 55 (27), 43 (68), 41 (34).

Anal Caled for C;,H00,: C, 73.43; H, 10.27. Found: C,73.15; H, 10.41.
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Synthesis of racemic (3R,7S) and (3S,7R)-3,7-dimethyl-l-cyclooctenyl
acetate (149):

House’s method was employed.” To a SOmL, flame dried three
necked flask which contained cis-3,7-dimethylcyclooctanone (92, 0.154 g,
1.00 mmol) and freshly distilled acetic anhydride (0.57 mL, 6.00 mmol) in
CCL (3 mL) was added HCIO, (0.017 mL, 70% aqueous solution) at room
temperature. The mixture was allowed to stand at room temperature for 1 h.
and then treated with saturated aqueous NaHCO; (10 mL) and ether (20
mL). The aqueous phase was separated and extracted with ether (2x10 mL).
The combined organic extracts were washed with saturated aqueous Na-
HCOs (10ml), brine, and dried. The solvent was evaporated and the residue
was purified by flash chromatography (SiO,, 30:1 hexane/EtOAc) to yield
81.9 mg (42%) of racemic (3R,7S) and (3S,7R)-3,7-dimethyl-l-cyclooctenyl
acetate 149 and 27.0mg of unreacted ketone (92); The spectra of were iden-
tical with 148. Addition of 10mg of chiral shift reagent Eu(hfc)s(tris(3-
heptaﬂuorobutyryl-d-camphorato)-europium (IIT)) to 6mg of the racemic
enol acetate (149) in 0.7mL of CDCl, gave rise to two diastereomeric com-
plexes. The methyl group (0.93, d, J = 6.6 Hz) on the ring was split into

two doublets (1.11, 1.17, /= 6.6 Hz) with 1:1 ratio and base line separation.
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Synthesis of racemic [((3R,7S) and (3S,7R)-3,7-dimethyl-l-cycloocten-l-
yDoxy]trimethylsilane (160):

Corey’s method was employed.’® To a cold (-78 °C) 25 mL, flame
dried three necked flask which contained diisopropylamine (0.14 mL, 1.1
mmol) in dry THF (2 mL) was added n-butyllithium (1.1 mmol, 0.44 mL of
2.5 M solution in hexane) by syringe. This mixture was stirred for 10 min.
at -78 °C, then freshly distilled TMSCI (0.89 mL, 7.0 mmol) in THF (2 mL)
was added dropwise, followed by cis-3,7-dimethylcyclooctanone (92, 0.154
g, 1.0 mmol) in THF (2 mL). The resulting solution was stirred at -78 °C
for 20min., and still at -78 °C, Et;N (2 mL) and saturated aqueous NaHCO;
solution (5 mL) were added. The solution was allowed to warm to room
temperature, and the solvents were removed under reduced pressure. The
residue was extracted with ether (3x10 mL), and the combined ether extracts
were washed with 0.1 M aqueous citric acid (2x10 mL), water (10 mL), and
dried (MgSO;). The solvents were removed under reduced pressure to give
the crude product which was purified by flash chromatography (SiO,, pen-
tane) to yield 0.20 g (88%) of racemic 160 [(BR,7S) and (3S,7R)-3,7-
dimethyl-l-cycloocten—l-yl)oxy]trimethylsilane. GC-MS showed a single

peak at tg = 14.35 min; IR (CCly) 2957.8, 2925.2, 2870.1, 1655.0, 1457.6,
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1380.0, 1251.9, 1201.3, 1169.6, 875.8, 848.4 cm™; '"H NMR (CDCl,;, 400
MHz) 5 0.13 (s, 9H), 0.95 (d, J = 5.0 Hz, 3H), 0.97 (d, J = 4.8 Hz, 3H),
1.08-1.18 (m, 1H), 1.20-1.40 (m, 2H), 1.52-1.62 (m, 2H), 1.70-1.80 (m, 2H),
1.88-1.98 (m, 1H), 2.2-2.3 (m, 1H), 2.60 (q, J = 14.0, 4.9 Hz, 1H), 4.45 (d, J
= 7.6 Hz, 1H); °C NMR (CDCl;, 100 MHz) & 0.41 (Si (CHj)s), 21.63 (CH,
on C-7), 23.59 (CH; on C-3), 24.81 (C-5), 32.08 (C-3), 33.79 (C-7), 34.28
(C-6), 37.18 (C-8), 39.82 (C-4), 113.44 (C-2), 150.06 (C-1); MS (EI) m/z
(relative intensity), 228 (M+2, 0.8), 227 (M+1, 3), 226 (M, 15), 211 27),
197 (9), 184 (23), 183 (64), 169 (15), 157 (93), 144 (13), 130 (15), 121 6),
115 (14), 99 (4), 93 (6), 75 (47), 73 (100), 55 (12), 45 (18), 39 (7).

Addition of chiral Eu shift reagent had no effect on the 'H NMR

spectrum of 160.

Synthesis of (3R,7S)-3,7-dimethyl-8-hydroxyoctanoic acid (156):
Heathcock’s method was employed®”. In a 250 mL, three necked
flask, [((3S,7R)-3,7-dimethyl-l-cycloocten-l-yl)oxy]trimethylsilane (155,
0.800 g, 3.54 mmol) in methanol (20 mL) and CH,Cl, (20 mL) was treated
with excess Os at -78°C until the solution turned blue. After purging with
nitrogen, the cold solution was reduced with excess sodium borohydride

(1.34 g, 35.4 mmol), allowed to warm to room temperature, and stirred
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overnight. After the solvent was evaporated on a rotary evaporator, the
residue was treated with HCI (20 mL, 10% aqueous), and extracted with
ether (3x50 mL), and the combined ether extracts were washed with brine,
dried (MgSOy), and the solvent was evaporated to give the crude product
which was purified by flash chromatography (SiO,, hexane/acetone, 1:1) to
yield 0.632 g (95%) (3R,7S)-3,7-dimethyl-8-hydroxy-octanoic acid; [a]p®
3.6 (¢ 2.4, CHCl;); IR (CCL) 2962.8, 2929.1, 2871.7, 1707.7, 1252.1,
1217.6, 1005.0, 978.6 cm™ ; "H NMR (CDCl;, 400 MHz) § 0.92 (d, J = 6.8
Hz, 3H), 0.97 (d, J = 6.7 Hz, 3H), 1.02-1.48 (m, 7H), 1.62 (m, 1H), 1.96 (m,
1H), 2.16 (q, J = 15.0, 8.0 Hz, 1H), 2.34 (g, J = 15.0, 6.1 Hz, 1H), 3.47 (m,
2H), 5.0-6.5 (br, 1H, COOH); *C NMR (CDCls, 100 MHz) § 16.57 (CH; on
C-3), 19.78 (CH; on C-7), 24.21 (C-5), 30.13 (C-7), 33.12 (C-4), 35.65 (C-
3), 36.87 (C-6), 41.45 (C-2), 68.25 (C-8), 178.85 (C=0); MS (EI) m/z
(relative intensity), 159 (3), 158 (25), 152 (1), 139 (3), 129 (2), 115 (8), 111
(8), 110 (13), 97 (22), 95 (9), 87 (100), 83 (10), 81 (9), 69 (51), 55 (57), 45
(16), 41 (44), 31 (20), 28 (22), 18 (19). Anal Calcd. for C10H200s: C, 63.80;

H, 10.71. Found: C, 63.76; H,10.88.
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Synthesis of methyl (3R,7S)-3,7-dimethyl-8-hydroxyoctanoate (157):

A mixture of (3R,7S)-dimethyl-8-hydroxyoctanoic acid (156, 0.632 g,
3.36 mmol) acid, methanol (50 mL), and p-toluenesulfonic acid (20 mg)
were refluxed for 24 h. Then, the solvent was evaporated under reduced
pressure, and the residue was extracted with ether (3x30 mL), and washed
with saturated aqueous NaHCO; solution (40 mL), brine and dried. The
solvent was evaporated to yield crude product, which was purified by flash
chromatography (SiO,, hexane/EtOAc, 6:1) to yield 0.665 g (98%) of
methyl (3R,7S)-dimethyl-8-hydroxyl-octanoate as a colorless oil, GC-MS
showed a single peak at ty = 17.45 min.

Addition of 6.5 mg of chiral shift reagent Eu(hfc); (tris(3-
heptafluorobutyryl-d-camphorato)-europium (IIT)) to 3.7 mg of the racemic
hydroxyl ester (161) in 0.7mL of CDCl, gave rise to two diastereomeric
complexes. The methyl group (3.67, s, COOCH;) was split into a doublet
(4.16, 4.11) with 1:1 ratio and base line separation.

The shift reagent was also applied to the non-racemic hydroxy ester
(157). The methyl group (3.67, s, COOCH;3) was split into a doublet (4.15,
4.10) with a 99:1 ratio (98% ee); [alp® 3.91 (¢ 15.0, CHCl3); IR (CCL)
3640.6, 2953.1, 2929.5, 2873.2, 1740.0, 1458.3, 1436.0, 1196.9, 1166.5,

1029.0 cm™ ; 'H NMR (CDCl;, 400 MHz) & 0.93 (t, J = 7.0 Hz, 6H), 1.05-
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1.45 (m, 7H), 1.55-1.65 (m, 1H), 1.90-2.00 (m, 1H), 2.21 (q, J = 14.7, 8.1
Hz, 1H), 231 (q, J = 14.7, 6.1 Hz, 1H), 3.38-3.53 (m, 2H), 3.67 (s, 3H,
OCH;); °C NMR (CDCl3, 100 MHz) & 16.58 (CH; on C-3), 19.80 (CH; on
C-7), 24.25 (C-5), 30.32 (C-7), 33.18 (C-4), 35.71 (C-3), 36.95 (C-6), 41.62
(C-2), 51.40 (OCHs), 68.29 (C-8), 173.81 (C=0); MS (EI) m/z (relative in-
tensity), 172 (M-30, 36), 157 (4), 152 (4), 139 (5), 129 (9), 128 (4), 115 (8),
112 (5), 111 (12), 110 (16), 109 (8), 101 (100), 97 (17), 87 (7), 81 (7), 74
(36), 69 (44), 59 (17), 55 (30), 43 (12), 41 (18). Anal Calcd. for C,;,H,,05:

C, 65.31; H, 10.96. Found: C,64.93; H, 11.23.

Synthesis of (25,6R)-2,6-dimethyl-1,8-octanediol (158):

To a dried, 100 mL, three necked flask flushed with nitrogen and
charged with LiAIH, (0.100 g, 2.50 mmol) in dry ether (10 mL) was added
methyl (3R,7S)-dimethyl-8-hydroxyoctanate (157, 50.0 g, 0.250 mmol) in
dry ether (10 mL) during a period of 7min. The resulting mixture was
stirred for 4 h, then cooled to 0 °C, and a mixture of ether (4 mL) and
methanol (4 mL) added dropwise, followed by HCl (10 ml, 1 M aqueous).
The aqueous layer was extracted with ether (3x10 mL), and the combined
organic phases were washed with saturated aqueous NaHCO;, brine, and

dried. The solvent was evaporated to yield crude product, which was puri-
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fied by flash chromatography (SiO,, hexane/EtOAc, 2:1) to yield 42.6 mg
(98%) of the diol 158 as a colorless oil; [a]Dzs 7.0 (c 2.1, CHCl;; Lit.*!
[l 6.3 (c 9.5, CHCL;); IR (CCly) 3733.9, 3628.2, 2948.5, 2929.2, 2863.5,
1457.2, 1374.3, 1030.1 cm™; 'H NMR (CDCls, 400 MHz) 5091 (t,/ =7.0
Hz, 6H), 1.04-1.48 (m, 9H), 1.55-1.70 (m, 3H), 3.42 (q, J =10.5, 5.9 Hz,
1H), 3.51 (q, J = 10.4, 6.5 Hz, 1H), 3.65-3.75 (m, 2H); “C NMR (CDCL,,
100 MHz) & 16.62 (CH; on C-6), 19.68 (CH; on C-2), 24.25 (C-4), 29.45
(C-2), 33.35 (C-3), 35.76 (C-6), 37.38 (C-5), 39.89 (C-7), 61.21 (C-8),
68.33 (C-1); MS (EI) m/z (relative intensity), 144 (0.1), 137 (0.3), 126 (5),
123 (7),112 (2), 109 (15), 99 (7), 97 (7), 81 (46), 70 (38), 69 (82), 56 (36),
55 (100), 43 (39), 41 (73), 39 (18), 31 (56). Anal Calcd. for CioH220;: C,

68.92; H, 12.72. Found: C, 68.63; H, 12.40.

Synthesis of racemic methyl (3R,7S and 3S,7R)-3,7-dimethyl-8-
hydroxyoctanate (161):

In a 25 mL, three necked flask, racemic 3,7-dimethyl-1-cycloocten-1-
yDoxyltrimethylsilane (160, 0.200 g, 0.880 mmol) in methanol (5 mL) and
CH,Cl, (5 mL) was treated with excess O3 at -78 °C until the solution turned

blue. After purging with nitrogen, the cold solution was reduced with ex-
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cess sodium borohydride (0.400 g, 10.6 mmol), then allowed to warm to
room temperature during 0.5 h. The solvent was evaporated under reduced
pressure, and the residue was treated with HCI (5 mL, 10% aqueous), and
extracted with ether (3x20 mL). The combined ether extracts were washed
with brine, dried (MgSOy,), and the solvent was evaporated to give the crude
product, racemic (3R,7S and 3S,7R)-dimethyl-8-hydroxyoctanoic acid.
Without further separation, this acid was dissolved in methanol| (15 mL) and
p-toluenesulfonic acid (8 mg) was added. The resulting solution was heated
to reflux for 15 h. The solvent was evaporated under reduced pressure and
the residue was extracted into ether (50 mL), and washed with saturated
aqueous aqueous NaHCO; (40 mL), brine, and dried. The solvent was
evaporated under reduced pressure to yield crude product which was puri-
fied by flash chromatography (SiO,, hexane/EtOAc, 6:1) to yield 0.16 g
(90%) of 161; IR (CCly) 3640.0, 2952.9, 2929.7, 2873.5, 1739.9, 1461.7,
1436.0, 1197.0, 1166.9, 1028.9 cm™ ; '"H NMR (CDCls, 400 MHz) 6 0.93 (t,
J =17.0 Hz, 6H), 1.05-1.45 (m, 7H), 1.55-1.65 (m, 1H), 1.90-2.00 (m, 1H),
2.21(q,J =14.7,8.1 Hz, 1H), 2.31 (q, J = 14.7, 6.1 Hz, 1H), 3.38-3.53 (m,
2H), 3.67 (s, 3H, OCH;); °C NMR (CDCls, 100 MHz) § 16.58 (CH; on C-
3), 19.80 (CH; on C-7), 24.25 (C-5), 30.32 (C-7), 33.18 (C-4), 35.71 (C-3),

36.95 (C-6), 41.62 (C-2), 51.40 (OCHj), 68.29 (C-8), 173.81 (C=0); MS
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(EI) m/z (relative intensity), 172 (36), 157 (4), 152 (4), 139 (5), 129 (9), 128
(4), 115 (8), 112 (5), 111 (12), 110 (16), 109 (8), 101 (100), 97 (17), 87 (7),

81 (7), 74 (36), 69 (44), 59 (17), 55 (30), 43 (12), 41 (18).

Synthesis of methyl 8-bromo-(3R,7S5)-3,7-dimethyloctanoate (110):

To a mixture of 0.101 g (0.500 mmol) of methyl (3R,75)-3,7-dimethyl
8-hydroxyoctanoate (157) and 0.144 g (0.550 mmol) of Ph;P in dry CH,Cl,
(3.5 mL) at -23°C was added 0.107 g (0.600 mmol) of NBS at one portion.
The mixture was allowed to warm to room temperature and stirred for 3 h,
then methanol (0.5 mL) was added and continuously stirred for 0.5 h, then,
diluted with a mixture of hexane/EtOAc (6:1, 20 ml). The solvents were
evaporated and the residue was filtered through a short silica gel pad, which
was washed with hexane/EtOAc (6:1, 100 ml). The solvent was evaporated
and the residue was purified by chromatography (Hexane/EtOAc, 40:1) to
give 0.124g (93%) of methyl 8-bromo-(3R,7S)-3,7-dimethyloctanoate (183)
as a colorless oil; [a]p> 4.84 (¢ 5.71, CHCL); IR (CCL) 2962.7, 2931.6,
2858.3, 1740.1, 1458.6, 1435.8, 1171.3, 1119.8 cm™; 'H NMR (CDCls, 400
MHz) 6 0.94 (d, J = 6.6 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H), 1.13-1.48 (m,
6H), 1.82 (m, 1H), 1.96 (m, 1H), 2.12 (q, J = 14.7, 8.0 Hz, 1H), 2.31 (q,J =

14.7, 6.1 Hz, 1H), 3.32 (q, J = 9.8, 6.1 Hz, 1H), 3.39 (q, J =9.8, 5.0 Hz,
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1H), 3.67 (s, 3H); °C NMR (CDCls, 100 MHz) & 18.81 (CH; on C-3), 19.72
(CH; on C-7), 24.71 (CHy), 30.25 (CH), 34.87 (CH,), 35.11 (CH), 36.68
(CH,), 41.43 (CH;Br), 41.60 (CH,CO), 51.41 (OCHs), 173.70 (CO), MS
(EI) m/z (relative intensity), 266 (M-Br, 0.04), 264 (M-Br, 0.05), 233 (2.8),
235 (2.7, M-OCHs), 101 (100), 185 (4.5, M-Br), 153 (14), 74 (100), 69 (24),
35 (21), 41 (30). Anal Calcd. for Cy;Hy,BrO,: C, 49.82, H, 7.98, Br, 30.01.

Found: C, 49.77; H, 7.72, Br 30.25.

Synthesis of 8-bromo-(3R,75)-3,7-dimethyloctan-1-ol (184):

Nystrom’s method was used.*’ To a mixture of LiAlH, (0.517 mmol,
0.0196 g) in dry ether (5 mL) was added a solution of AICl; (0.0689 g,
0.517 mmol) in dry ether (5 mL) by syringe. The resulting solution was
cooled to -78 °C, and a solution of 8-bromo-(3R,7S)-3,7-dimethyloctanoate
(183, 0.137, 0.517 mmol) in ether (5 mL) was added during a period of 10
min. The resulting mixture was stirred for 3.5 h at -78 °C, then a mixture of
methanol (1 mL) and ether (9 mL) was added to destroy the excess hydride.
Then, SM HC1 (10 mL) was added after the mixture was allowed to warm
to room temperature. The organic layer was separated, and the aqueous
layer was extracted with ether (3x20 mL). The combined ether extracts

were washed with saturated aqueous NaHCO; and brine, than dried. The
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solvent was evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 6:1) to give 0.110 g (89%) of 8-bromo-(3R,7S)-3,7-
dimethyloctan-1-ol (184) as a colorless oil; [a]p® -28.0 (c 0.11, CHCL;); IR
(CCL) 3636.3, 2955.8, 2929.9, 1461.5, 1378.9, 1230.4, 1055.5 cm™: 'H
NMR (CDCl;, 400 Hz) 6 0.90 (d, J = 6.6 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H),
1.08-1.65 (m, 11H), 1.89 (m, 1H), 3.33 (g, / = 9.7, 6.1 Hz, 1H),3.39(q, J =
9.7, 5.0 Hz, 1H), 3.68 (m, 2H); “C NMR (CDCls, 100 MHz) 6 18.85 (CH;),
19.59 (CH;), 24.21 (CH,), 29.41 (CH), 35.06 (CH,), 35.18 (CH), 37.15
(CHy), 39.89 (CHy), 41.53 (CH,Br), 61.17 (CH;0); MS (EI) m/z (relative
intensity), 192 (M-CH,CH,-H,0, 4.0), 190 (M-CH,CH,-H,0, 4.0), 178
(4.5), 176 (4.7), 111 (15), 97 (30), 83 (70), 69 (89), 55 (100), 43 (33), 41
(81), 31 (29). Anal Caled. for C,;H,,BrO: C, 50.64; H, 8.91; Br, 33.69.

Found: C, 50.62; H, 8.94; Br, 34.01.

Synthesis of 1-bromo-8-(t-butyldiphenylsilyloxy)-(ZS,6R)—2,6-dimethyl-
octane (185):

Hanessian’s method was used,*® with CH,Cl, as solvent. A mixture
of imidazole (0.557 mmol, 0.0379 g) and t-butyl-chlorodiphenylsilane
(0.072 mL, 0.278 mmol) in dry CH,Cl, (2 mL) was stirred for 1 h at room

temperature, then a solution of 8-bromo-(3R,7S5)-3,7-dimethyloctan-1-ol
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(184, 0.060 g, 0.253 mmol) in dry CH,Cl, (2 mL) was added dropwise dur-
ing a period of Imin. The resulting mixture was stirred for 5.5 h at room
temperature, then, CH,Cl, (50 mL) was added, the reaction mixture was
washed with water (20 mL), saturated aqueous CuSQ,, and brine, then
dried. The solvent was evaporated and the residue was purified by chro-
matography (Hexane/EtOAc, 40:1) to give 0.114 g (95%) of 1-bromo-8-(¢-
butyldiphenylsilyloxy)-(ZS,6R)-2,6-dimethyloctane (185) as a colorless oil;
[alp® -1.91 (c 3.93, CHCL); IR (CCL) 3071.7, 3052.5, 2957.7, 2930.2,
2858.0, 14279, 1111.6 cm™ ; "H NMR (CDCls, 400 MHz) § 0.82 (d, J = 6.4
Hz, 3H), 1.00 (d, J = 6.6 Hz, 3), 1.05 (s, 9H), 1.06-1.65 (m, 9H), 1.78 (m,
1H), 3.31 (q, J = 9.7, 6.2 Hz, 1H), 3.39 (q, J = 9.7, 4.8 Hz, 1H), 3.67 (m,
2H), 7.41 (m, 6H), 7.67 (m, 4H); °C NMR (CDCl;, 100 MHz) 518.85
(CHs), 19.21 (C-Si), 19.72 (CHj3), 24.21 (CH,), 26.88 (CH3), 29.29 (CH),
35.07 (CHy), 35.20 (CH), 37.05 (CH,), 39.57 (CH,), 41.58 (CH,Br), 62.14
(CHy0), 127.58, 129.51, 134.12, 135.58 (phenyl); MS (EI) m/z (relative in-
tensity), 342 (M-C4H;-t-Butyl, 0.1), 340 (M-CsHs-t-Butyl, 0.1), 263 (19),
261 (19), 199 (23), 183 (15), 181 (14), 97 (24), 83 (100), 69 (49), 57 (32),
55 (24). Anal Calcd. for C,4H,oBrOSi: C, 65.66; H, 8.27; Br, 16.80. Found:

C,65.82; H, 8.33; Br,16.46.
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Synthesis of lZ-(t-butyldiphenylsilyloxy)—(6S,10R)-2,6,l0-trimethyl-
dodecane (186):

To a 25mL three necked flask in which was placed ground Mg turn-
ings (0.50 g, 20 mmol) and THF (5 mL) under argon was added 1-bromo-3-
methylbutane (0.50 mL, 4.2 mmol) during a period of 20 min. The resulting
mixture was stirred at room temperature for 1 h, then the solution was si-
phoned by argon pressure into another flask which contained 1-bromo-8-(t-
butyldiphenylsilyloxy)-(2S,6R)-2,6-dimethyloctane (185, 0.095 g, 0.20
mmol) and Li,CuCl, (0.142 mmol, 1.42 mL of 0.1 M in THF) in THF (1
mL) at -78 °C. The resulting solution was allowed to warm to room tem-
perature and stirred for 20 h, then saturated aqueous NH,CI solution (30
mL) was added. The organic solvent was evaporated and the residue was
extracted with ether (3x30 mL). The combined ether extracts were washed
with saturated aqueous NaHCOs, and brine, then dried. The solvent was
evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 40:1) to give 0.0635 g (68%) of 12-(¢+-
butyldiphenylsilyloxy)-(6S,10R)-2,6,10-trimethyldodecane (186) as a col-
orless oil; [a]p® -1.45 (c 1.72, CHCl3); IR (CDCl;) 3071.5, 2954.3, 2927.8,

2857.4, 1462.1, 1426.9, 1110.2 cm™ ; 'H NMR (CDCls, 400 MHz) § 0.80-
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0.88 (m, 12H, 4CH; ), 1.04 (s, 9H, C(CH;);), 1.05-1.40 (m, 14H, CH,,
2(CHy);), 1.48-1.52 (m, 3H, 3CH), 3.70 (m, 2H, CH;0), 7.40 (m, 6H,
phenyl), 7.66 (m, 4H, phenyl); >°C NMR (CDCl;, 100 MHz) § 19.21 (C-Si),
19.75 (CHs), 19.79 (CHs), 24.64 (CH;), 22.73 (CH3), 24.40 (CHy), 24.81
(CH,), 26.87 ((CHs)3), 27.98 (CH), 29.40 (CH), 32.80 (CH), 37.30, 37.36,
37.47 ((CHa)s), 39.37 (CHy), 39.66 (CHy), 62.25 (CH0), 127.56, 129.47,
134.18, 135.58 (phenyl); MS (EI) m/z (relative intensity), 253 (1), 239 (t-
BuPh,Si, 1), 227 (M-BuPh,Si, 2), 213 (21), 199 ( Ph,SiOH, 100), 183 (63),
135 (21), 123 (14), 111 (22), 97 (34), 83 (32), 71 (48), 57 (44), 43 (53).

Anal Calcd. for C3;H;s008Si: C, 79.76; H, 10.80. Found: C,79.82; H,10.74.

Synthesis of (3R,7R)-(+)-3,7,1 1-trimethyldodecan-1-ol (187):

A  mixture of 12-(¢-butyldiphenylsilyloxy)-(6S,10R)-2,6,10-
trimethyldodecane (186, 0.060 g, 0.13 mmol) and tetra-n-butylammonium
fluoride (0.5 mL, 1 M in THF) was stirred at room temperature for 16 h,
then ether (50 mL) was added, and the aqueous phase was extracted with
ether (2x10 mL). The combined ether extracts were washed with saturated
aqueous NaHCQs, and brine, then dried. The solvent was evaporated and
the residue was purified by chromatography (Hexane/EtOAc, 6:1) to give

0.0241 g (81%) of (3R,7R)-(+)-3,7,1 1-trimethyldodecan-1-ol (187) as a col-
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orless oil; [a]p® 3.53 (c 1.205, CHCL); (Lit.? [a]p® 3.56 (c 1.805,
CHCls); IR (CCL) 3634.6, 2954.3, 2925.4, 2869.0, 1461.6, 1376.8, 1055.2
cm’; 'H NMR (CDCl;, 400 MHz) 5 0.84 (d, J = 6.7 Hz, 3H, CHs), 0.86 (d,
J=6.7, 6H, 2CH), 0.89 (/ = 6.6 Hz, 3H, CH), 1.00-1.65 (m, 18H, 7(CH,),
3(CH), OH), 3.68 (m, 2H, CH,0); “C NMR (CDCl;, 100 MHz) § 19.69
(CHs), 19.74 (CHs), 22.63 (CH), 22.73 (CH;), 24.38 (CHy), 24.79 (CHy),
27.98 (CH), 29.53 (CH), 32.80 (CH), 37.27, 37.36, 37.50 ((CH,)s), 39.36
(CHy), 39.98 (CH,), 61.29 (CH,0); MS (ED) m/z (relative intensity), 210
(M-H;0, 2), 182 (M-H,0-C;H,, 7), 140 (6), 126 (20), 125 (23), 112 (17),
111 (22), 97 (44), 85 (20), 84 (25), 83 (47), 81 (21), 71 (99), 70 (63), 69

(86), 57 (100), 56 (54), 55 (85).

Synthesis of (3R,7R)-(+)-3,7,11-trimethyldodecan-1-ol (187) directly
from 8-bromo-(3R,7S)-3,7-dimethyloctanol (184):

To a 25 mL three necked flask which was placed grounded Mg turn-
ings (0.50 g, 20 mmol) in THF (5 mL) under argon was added 1-bromo-3-
methylbutane (0.50 mL, 4.2 mmol) during a period of 20 min. The resulting
mixture was stirred at room temperature for 1 h, then, the solution was si-
phoned into another flask which contained 8-bromo-(3R,75)-3,7-

dimethyloctan-1-ol (184) and Li,CuCl, (0.142 mmol, 1.42 mL of 0.1 M in
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THF) in THF (1 mL) at -78 °C. The resulting solution was allowed to warm
to room temperature and stirred for 48 h, then 3M HCI (30 mL) was added.
The organic solvent was evaporated and the residue was extracted with
ether (3x30 mL). The combined ether extracts were washed with saturated
aqueous NaHCQs, and brine, then dried. The solvent was evaporated and
the residue was purified by chromatography (Hexane/EtOAc, 10:1) to give
0.0515 g (87%) of (3R,7R)~(+)-3,7,1 1-trimethyldodecan-1-ol (187) as a
colorless oil. GC-MS, IR, and NMR spectra matched the values in the ref-

erences®, and comparison of spectra and GC-MS showed the two samples

of 187 to be identical.

Synthesis of Methyl (3R,7S)-3,7-Dimethyl-8-iodooctanoate (188):

Bose’s method was used*. To a mixture of methyl (3R,7S)-3,7-
dimethyl-8-hydroxyoctanoate (157, 0.242 g 1.20 mmol) of and Ph;P
(0.330g, 0.550 mmol) in dry CH,Cl, (15 mL) at -23 °C was added
N-iodosuccinimide (NIS) (0.313 g, 1.32 mmol) at one portion. The mixture
was allowed to warm to room temperature and stirred for 20 h, diluted with
methanol (0.5 mL) and stirred for an additional 0.5 h. Then, a mixture of
hexane/EtOAc (6:1, 20ml) was added to precipitate Ph;PO. Two thirds of

the solvents were evaporated and the residue was filtered with a short silica
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gel pad, washed with hexane/EtOAc (6:1, 150 ml). The solvent was evapo-
rated and the residue was purified by chromatography (Hexane/EtOAc,
20:1) to give 0271 g (72%) of methyl (3R,75)-3,7-dimethyl-8-
iodooctanoate (188) as a colorless oil; [a]p> 7.20 (¢ 6.90, CHCl;); IR
(CCL) 2957.7, 2929.3, 2853.0, 1739.3, 1459.7, 1434.6, 1193.6, 1171 .4 cm’;
'H NMR (CDCls, 400 MHz) & 0.94 (d, J = 6.6 Hz, 3H, CH;), 0.97 (d, J =
6.4 Hz, 3H, CH3), 1.10-1.50 (m, 6H), 1.83 (m, 1H), 1.95 (m, 1H, CH), 2.12
(9, / = 14.7, 8.0 Hz, 1H), 2.30 (q, J = 14.7, 6.1 Hz, 1H), 3.15 (q,J =95,
5.8 Hz, 1H), 3.22 (q, J = 9.6, 4.6 Hz, 1H), 3.67 (s, 3H); *C NMR (CDCl,
100 MHz) 6 17.79 (CH,I), 19.72 (CH3), 20.62 (CH;), 24.20 (CH,), 30.24
(CH), 34.64 (CH), 36.47 (CH,), 36.63 (CH,), 41.60 (CHCO), 5141
(OCHs), 173.69 (CO); MS (EI) m/z (relative intensity), 281 (M-CH30, 8),
185 (M-I, 43), 169 (7), 153 (54), 135 (9), 111 (43), 83 (26), 74 (26), 69
(100), 59 (32), 55 (54), 43 (30), 41 (50). Anal Calcd. for CiHyI0;: C,

42.32; H, 6.78; 1, 40.65. Found: C, 42.64; H, 7.08; I, 40.33.
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Synthesis of Methyl 8-(t-Bntyldiphenylsilyloxy)—(3R,7S)-3,7-dimethyl-
octanoate (189):

A mixture of imidazole (7.70 mmol, 0.524 g) and t-butyl-
chlorodiphenylsilane (1.00 mi, 3.85 mmol) in dry CH,Cl, (15 mL) was
stirred for lh at room temperature, then a solution of methyl 8-hydroxy-
(3R,7S)-3,7-dimethyloctanoate (188, 0.707 g, 3.50 mmol) in dry CH,Cl, (15
mL) was added dropwise during a period of 20min. The resulting mixture
was stirred at room temperature for 4 h, then, CH,Cl, (100 mL) was added.
The reaction mixture was washed with water (40 mL), saturated aqueous
CuSO4 (2x50 mL), and brine, then dried. The solvent was evaporated and
the residue was purified by chromatography (Hexane/EtOAc, 20:1) to give
140 g (91%) of methyl 8-(t-butyldiphenylsilyloxy)-(3R,75)-3,7-
dimethyloctanoate (189) as a colorless oil; [a]p® 1.55 (¢ 5.09, CHCl,); IR
(CCL) 3071.1, 2953.8, 2929.2, 2857.5, 1740.4, 1426.9, 1111.lem™; 'H
NMR (CDCl;, 400 MHz) & 0.91(d, J = 6.6 Hz, 6H), 1.05 (s, 9H), 1.06-1.48
(m, 6H), 1.62 (m, 1H, CH), 1.82 (m, 1H), 2.09 (g, J = 14.7, 8.3 Hz, 1H),
2.29 (q, J = 14.7, 5.9 Hz, 1H), 3.43 (q, J = 9.7, 6.4 Hz, 1H), 3.50 (q, J =
9.80, 5.8 Hz, 1H), 3.66 (s, 3H), 7.40 (m, 6H), 7.65 (m, 4H); “C NMR

(CDCl3, 100 MHz) 8 16.92 (CH3), 19.31 (C-Si), 19.75 (CH3), 24.26 (CH,),
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26.88 (CHs), 30.36 (CH), 33.22 (CHy), 35.66 (CH), 37.00 (CH,), 41.65
(CH,CO), 51.35 (OCHs), 68.82 (CH,0), 127.56, 129.48, 134.09, 135.62
(phenyl), 173.80 (C=0); MS (EI) m/z (relative intensity), 383 (M-'Bu, 100),
351 (M-Bu-CH;0H, 12), 331 (3), 305 (7), 293 (5), 273 (8), 247 (8), 213
(Ph,SiHOCH,, 69), 199 (Ph,SiOH, 98), 183 (33), 153 (38), 135 (31), 123
(12), 109 (18), 69 (62), 55 (26). Anal Calcd. for C,7H,,O5Si: C, 73.59; H,

9.15. Found: C, 73.90; H, 9.03.

Synthesis of 8-(t—butyldiphenylsilyloxy)-(3R,7S)-3,7-dimethyloctan-l-ol
(190):

To a dried, 100 mL, three necked flask flushed with nitrogen and
charged with LiAlH, (0.112 g, 2.95 mmol) in dry ether (50 mL) was added
methyl 8-(t-butyldiphenylsilyloxy)-(3R,7S)-3,7-dimethyloctanoate (189,
1.30 g, 2.95 mmol) in dry ether (20 mL) during a period of 25 min. The
resulting mixture was stirred for 0.5h, then, a mixture of ether (4 mL) and
methanol (4 mL) added dropwise, followed by IM HCI (20 ml). The aque-
ous layer was extracted with ether (3x40 mL), and the combined organic
phases were washed with saturated aqueous NaHCO;, and brine, then dried.
The solvent was evaporated to yield crude product, which was purified by

flash chromatography (SiO,, hexane/EtOAc, 6:1) to yield 1.15 g (95%) of
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8-(t-butyldiphenylsilyloxy)-(3R,7S)-3,7-dimethyloctan-l-ol (190) as a col-
orless oil; [a]p® 0.42 (c 3.855, CHCL); IR (CCL): 3633.6, 3071.5, 2956.2,
2929.8, 2856.4, 1426.9, 1112.2 cm™; '"H NMR (CDCl;, 400 MHz) 6 0.87 (d,
J = 6.6 Hz, 3H), 0.91 (d, J = 5.8 Hz, 3H), 1.05 (s, 9H), 1.06-1.70 (m, 11H),
3.43 (g, J = 9.8, 6.4 Hz, 1H), 3.51 (q, J = 9.7, 5.6 Hz, 1H), 3.67 (m, 2H),
7.40 (m, 6H), 7.66 (m, 4H); °C NMR (CDCL, 100 MHz) § 16.96 (CHj),
19.33 (C-Si), 19.65 (CHs), 24.27 (CH,), 26.88 (CH;), 29.43 (CH), 33.41
(CHp), 35.71 (CH), 37.41 (CH), 39.94 (CH,), 61.25 (CH0), 68.87
(CH;0S1), 127.55, 129.47, 134.12, 135.62 (phenyl); MS (EI) m/z (relative
intensity), 353 (2), 239 (2), 229 (5), 211 (2), 199 (100), 213 (2), 211 (5),
183 (12), 181 (14), 139 (18), 97 (13), 83 (54), 69 (33), 55 (23). Anal Calcd.

for Cy6H4005Si: C, 75.67; H, 9.77. Found: C,75.71; H, 9.90.

Synthesis of 1-Bromo-8-(t-butyldiphenylsilyloxy)-(SR,7S)—3,7-Dimethyl-
octane (191):

To a mixture of 8-(t-butyldiphenylsilyloxy)—(3R,7S)-3,7-dimethyl-
octan-1-ol (190, 0.994 g, 2.41mmol) and 0.692 g (2.64 mmol) of PhsP in dry
CHCl, (20 mL) at -23 °C was added N-bromosucinimide (NBS) (0.513 g,

2.88 mmol) at one portion. The mixture was allowed to warm to room tem-
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perature and stirred for 16 h, then, methanol (1 mL) was added and continu-
ously stirred for 0.5 h, then, a mixture of hexane/EtOAc (6:1, 20 ml) was
added. The methylene chloride was evaporated and the residue was filtered
with a short silica gel pad, washed with hexane/EtOAc (6:1, 100 ml). The
solvent was evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 20:1) to give 1.00 g (87%) of 1-bromo-8-(z-
butyldiphenylsilyloxy)-(2R,7S)-3,7-dimethyloctane (191); [a]p® -3.77 (c
5.67, CHCL3); IR (CDCl3) 3071.5, 2957.7, 2929.2, 2856.9, 1426.9, 1110.7
cm™'; '"H NMR (CDCls, 400 MHz) § 0.86 (d, J = 6.4 Hz, 3H, CHj3), 0.91 (d,
J = 6.7 Hz, 3H, CHs), 1.05 (s, 9H, C(CHs)s), 1.06-1.68 (m, 9H, CH,, CH,
(CHz)3), 1.85 (m, 1H, CH), 3..37-3.53(m, 4H, CH,Br, CH0), 7.40 (m, 6H,
phenyl), 7.67 (m, 4H, phenyl); °C NMR (CDCl;, 100 MHz) & 16.96 (CH3),
18.84 (CH;), 19.32 (C-Si), 24.14 (CH,), 26.88 (CHs), 31.62 (CH), 32.21
(CH,Br), 33.33 (CHy), 35.67(CH), 36.76 (CH,), 40.00 (CH,), 68.81 (CH,0),
127.56, 129.48, 134.09, 135.62 (phenyl); Anal Calcd. for C,6H3BrOSi: C,

65.66; H, 8.27; Br, 16.80. Found: C, 65.43; H, 8.26; Br,16.46.
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Synthesis of Methyl 16-[(+-Butyldiphenylsilyl)oxy]-(3R,7R,11S,15S)-
3,7,11,15-tetramethylhexadecanoate (192) using copper catalyzed Grig-
nard coupling:

Nunomoto’s method was used.** To a 25mL three necked flask
which was placed ground Mg turning (0.50 g, 20mmol) in THF (3 mL) un-
der argon was added 0.03 mL of BrCH,CH,Br. 5 min later, 1-bromo-8-(z-
butyldiphenylsilyoxy)-(3R,7S)-3,7-dimethyloctane (191, 0.218 g, 0.459
mmol) in THF (1 mL) was added during a period of 1 min. The resultant
mixture was stirred at 40°C for 2 h, then the solution was siphoned into an-
other flask which contained methyl (3R,7S)-3,7-dimethyl-8-iodooctanoate
(188, 0.0716 g, 0.230 mmol) and Li,CuCl, (0.050 mmol, 0.50 ml of 0.1M in
THF) (1 mL) at 0 °C. The resultant solution was allowed to warm to room
temperature and stirred for 48 h, then saturated aqueous NH,C] (5 mL) was
added. The organic solvent was evaporated and the residue was extracted
with ether (3x30 mL). The combined ether extracts were washed with
saturated aqueous NaHCO;, and brine, then dried. The solvent was evapo-
rated and the residue was purified by chromatography (Hexane/EtOAc,
20:1) to give methyl 16-[(¢-butyldiphenylsilyl)oxy]-(3R,7R,1 15,155)-

3,7,11,15-tetramethylhexa-decanoate (0.0982g, 71%) as a colorless oil;
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[a]p” 1.50 (c 1.70, CHCL); IR (CDCl3) 3069.5, 3049.7, 2953.5, 2928.3,
2855.9, 1739.4, 1462.7, 14269, 1111.1 cm™; 'H NMR (CDCls, 400 MHz) §
0.83 (d, J = 6.0 Hz, 6H, 2CHj), 0.91 (d, J = 4.5 Hz, 3H, CH3),093 (d, J =
4.4 Hz, 3H, CHjs), 0.95-1.42 (m, 29H, 3(CH,);, 2CH, C(CHs)3), 1.62 (m,
IH, CH), 1.92 (m, 1H, CH), 2.10 (q, J = 14.6, 8.2 Hz, 1H, Hy,), 2.31 (q, J =
14.6, 5.9 Hz, 1H, Ha,), 3.43 (q,J = 9.6, 6.3 Hz, 1H, Hisa), 3.51 (q, J = 10.5,
6.3 Hz, 1H, Hq,), 3.66 (s, 3H, OCHj3), 7.40 (m, 6H, phenyl), 7.67 (m, 4H,
phenyl); °C NMR (CDCl;, 100 MHz) & 16.99 (CH;), 19.32 (C-Si), 19.73
(CHs), 19.75 (CHs), 19.80 (CHs), 24.35 (CH,), 24.40 (CH,), 24.47 (CH,),
26.88 ((CHs)s), 30.40 (CH), 32.77 (CH), 33.49 (CH,), 35.74(CH), 37.08
(CHy), 37.12 (CHy), 37.36 (CH,), 37.40 (CHy), 41.67 (CH,CO), 51.34,
68.91 (CH;0), 127.54, 129.45, 134.14, 135.63 (phenyl), 173.85 (C=0).
Apparently, one CH, and one CH peaks were merged in the above spectrum.
ESI-MS 581.3 (M+H)"; MS/MS (Tandem Mass Spectrum, Parent Ion
(M+H)" 581.3, Major peaks) 503.3 [M+H)"-CgHe], 471.1 [(M+H)"-C¢H,-
HOCH;], 425.3 [(M+H)"-2C¢Hg], 393.3 [(M+H)"-2C¢Hs-HOCHS;], 325.1
[(M+H)"-'BuPh,SiO], 293.3 [(M+H)"-+-BuPh,SiO-HOCH;], 239.3 (¢
BuPh,Si"). Anal Calcd. for C3;Hg05Si: C, 76.49; H, 10.41. Found: C,

76.72; H, 10.29. HRMS Calcd. for C3,Hg,0:Si: 580.43 12, found 580.4292.
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Preparation of 0.1M Sml, in THF.

Wipf’s method was used.”> A suspension of samarium powder (1.84
g, 12 mmol) and I; (2.54 g, 10 mmol) in dry THF (100 mL) was stirred vig-
orously under argon at room temperature for 20 h, during which time the

color changed from purple to rust-brown to green and finally to prussian

blue.

General Procedure for the Preparation of Tridecane.

To a solution of 25 mL (2.5 mmol) of a 0.1 M of Sml, in THF under
argon was added 1.74 mL (10 mmol) of dried HMPA. The deep purple so-
lution was stirred at rt for 5 min and treated with 1-iodoheptane (96 uL, 0.6
mmol). The resulting light purple solution was stirred for 15 min and 14 mg
(0.1 mmol) of CuBr was added. After 5 min, 74 pL (0.50 mmol) of 1-iodo-
hexane was added. The resulting mixture was stirred for 15 min. The reac-
tion mixture was poured into 20 mL of brine which contained 5 mL of 10%
HCI. The organic phase was separated and the aqueous phase was extracted
with ether (3x30 mL). The combined organic layers were washed with satu-

rated aqueous sodium thiosulfate, and brine, then dried and concentrated.
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The residue was diluted with THF to 2 mL. The concentration of tridecane

was measured by GC and compared with a calibration curve.

Synthesis of Methyl 10-Iododecanoate (121):

To a stirred mixture of Ph;P (4.72 g, 18.0 mmol), imidazole (1.53 g,
22.5 mmol) and methyl 10-hydroxydecanoate (196, 3.15 mL, 15.0 mmol,
from Aldrich) in ether (24 mL) and CH;CN (16 mL) was added I, (6.10 g,
24.0 mmol) in portions at 0 °C. The resulting mixture was allowed to warm
to rt and stirred for 30 min, then diluted with methanol (4 mL), and stirred
for an additional 15 min. The mixture was diluted with ether (150 mL),
washed with saturated aqueous Na,8,0;, saturated aqueous CuSO,, and
brine, then dried. The solvent was evaporated and the residue was purified
by chromatography (Hexane/EtOAc, 20:1) to yield 3.65 g (78%) of methyl
10-iododecanoate (197) as a colorless oil; IR (CDCl;) 2930.9, 2856.2,
1731.5, 1437.8, 1205.7, 1173.8 cm™; '"H NMR (CDCls, 400 MHz) § 1.25-
1.40 (m, 10H, (CH)s), 1.56-1.66 (m, 2H, CH,), 1.78-1.85 (m, 2H, CH,),
2.30 (t, J = 7.5 Hz, 2H, CHyl), 3.19 (t, J = 8.1 Hz, 2H, CH,0Si), 3.67 (s,
3H, CH;0); °C NMR (CDCI3, 100 MHz) § 7.30, 24.91, 28.46, 29.08,
29.14, 29.20, 30.46, 33.52, 34.08, 34.08, 51.46, 174.33. Anal Calcd. for

CuH0.1: C, 42.32; H, 6.78; 1, 40.46. Found: C, 42.47; H, 7.02; I, 40.45.
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Synthesis of Methyl 10-(+-Butyldiphenylsilyloxy)decanoate (198):

A mixture of imidazole (44.0 mmol, 3.00 g) and t-butyl-
chlorodiphenylsilane (6.24 mL, 24.0 mmol) in dry CHxCl, (50 mL) was
stired for 1h at room temperature, then a solution of methyl 10-
hydroxydecanoate (196, 4.20 mL, 24.0 mmol) in dry CH,Cl, (50 mL) was
added dropwise during a period of 20 min. The resulting mixture was
stirred at room temperature overnight, then, CH,Cl, (100mL) was added.
The reaction mixture was washed with water (40mL), saturated aqueous
CuSOy4 (2x50mL), and brine, then dried. The solvent was evaporated and
the residue was purified by chromatography (Hexane/EtOAc, 20:1) to give
8.63 g (98%) of methyl 10-(¢-butyldiphenylsilyloxy)decanoate (198) as a
colorless oil; IR (CDCl;) 3071.9, 2931.7, 2857.0, 1731.4, 1471.9, 1427.9,
1199.1, 1175.5 cm™; "H NMR (CDCl, 400 MHz) § 1.04 (s, 9H, C(CHs),),
1.20-1.38 (m, 10H, (CH,)s), 1.50-1.65 (m, 4H), 2.30 (t, J = 7.5 Hz, 2H),
3.63 (t, 2H, J = 6.5 Hz), 3.66 (s, 3H, OCHs), 7.35-7.44 (m, 6H), 7.66-7.68
(m, 4H); °C NMR (CDCls, 100 MHz) § 19.22, 24.94, 25.74, 26.87, 29.14,
29.20, 29.31, 29.40, 32.56, 34.12, 51.45, 63.98, 127.56, 129.47, 134.17,
135.58, 174.34. Anal Calcd. for C7H4o05Si: C, 73.59; H, 9.15. Found: C,

73.74; H, 9.14.
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Synthesis of 10-(z-Butyldiphenylsilyloxy)decan-1-ol (199):

To a dried, 250mL, three necked flask flushed with nitrogen and
charged with LiAlH, (0.696 g, 18.34 mmol) in dry ether (100 mL) was
added methyl 10-(¢-butyldiphenylsilyloxy)decanoate (198, 8.07 g, 18.34
mmol) in dry ether (50 mL) during a period of 25min. The resulting mix-
ture was stirred for 15 min, then, a mixture of ether (10mL) and methanol
(10mL) added dropwise, followed by 1M HCI (50mL). The aqueous layer
was extracted with ether (3x40mL), and the combined organic phases were
washed with saturated aqueous NaHCOs, brine, and dried. The solvent was
evaporated to yield a crude product, which was purified by flash chromatog-
raphy (SiO;, hexane/EtOAc, 6:1) to afford 7.18 g (95%) of 10-(z-
butyldiphenylsilyloxy)decan-1-ol (199) as a colorless oil; IR (CDCl5)
3625.7,3071.9, 3052.8, 2931.2, 2857.0, 1471.9, 1427.9, 1389.9, 1111.1 cm’
'; 'TH NMR (CDCl;, 400 MHz) § 1.05 (s, 9H, C(CHs)s), 1.22-1.40 (m, 13H,
(CH;)s, OH), 1.50-1.60 (m, 4H), 3.61-3.67 (m, 4H), 7.35-7.43 (m, 6H),
7.66-7.68 (m, 4H); *C NMR (CDCls, 100 MHz) & 19.22, 25.74, 25.76,
26.87, 29.36, 29.42, 29.54, 32.57, 32.81, 63.09, 64.00, 127.55, 129.47,
134.18, 135.57. Anal Calcd. for Ca6Ha90-Si: C, 75.67; H, 9.77. Found: C,

75.84; H, 9.54.
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Synthesis of 10-(+-Butyldiphenylsilyloxy)-1-Iododecane (200):

To a stirred mixture of Ph;P (4.80 g, 18.42 mmol), imidazole (1.57 g,
23.03 mmol) and 10-(t-butyldiphenylsilyloxy)decan-1-ol (199, 6.325 g,
15.35 mmol) in ether (30 mL) and CH;CN (20 mL) was added I, (6.24 g,
24.56 mmol) in portions at 0°C. The resulting mixture was allowed to warm
to rt and stirred for 30 min, then diluted with methanol (3 mL), then stirred
for an additional 15 min. The mixture was diluted with ether (150 mL),
washed with saturated aqueous Na,S,0;, saturated aqueous CuSO,, and
brine, then dried. The solvent was evaporated and the residue was purified
by chromatography (Hexane/EtOAc, 40:1) to yield 6.77 g (85%) of 10-(¢-
butyldiphenylsilyloxy)-1-iododecane (200) as a colorless oil; IR (CDCl;)
3071.8, 3052.6, 2930.8, 2856.7, 1471.9, 1427.8, 1389.8, 1361.8, 1187.7,
1111.1 cm™; 'H NMR (CDCls, 400 MHz) § 1.05 (s, 9H, C(CH;)3), 1.20-1.40
(m, 6H, (CH,)s), 1.50-1.60 (m, 2H), 1.75-1.85 (m, 2H), 3.18 (t,J =6.5 Hz,
2H), 3.65 (t, J = 7.0 Hz, 2H), 7.30-7.40 (m, 6H), 7.60-7.65 (m, 4H); °C
NMR (CDCl;, 100 MHz) § 7.34, 19.22, 25.74, 26.87, 28.52, 29.30, 29.34,
29.48, 30.51, 32.56, 33.56, 63.97, 127.55, 129.46, 134.17, 135.57. Anal
Caled. for Cy6H30IOSi: C, 59.76; H, 7.52; I, 24.28. Found: C,60.08; H, 7.55;

[,24.48.
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Synthesis of Methyl 20-(-Butyldiphenylsilyloxy)icosanoate (125):

To a solution of 12.5 mL (1.25 mmol) of a 0.1 M Sml, in THF under
argon was added 0.87 mL (5 mmol) of HMPA. The deep purple solution
was stirred at rt for 5 min, then 10-(¢-butyldiphenylsilyloxy)-1-iododecane
(200, 0.261 g, 0.500 mmol) in THF (1 mL) was added dropwise during a pe-
riod of 2 min. The resulting light purple mixture was stirred for 15 min, and
14 mg (0.1 mmol) of CuBr was added. After 5 min, methyl 10-
iododecanoate (197, 0.131 g, 0.42 mmol) in THF (1 mL) was added drop-
wise during a period of 1 min. The resulting mixture was stirred for 30 min
at rt and then poured into 25 mL of brine which contained 5 mL of 10%
HCI. The organic phase was separated and the aqueous phase was extracted
with ether (3x30 mL). The combined organic layers were washed with satu-
rated aqueous sodium thiosulfate, and brine, then dried. The solvent was
evaporated and the residue was purified by chromatography (hexane/EtOAc,
20:1) to yield 0.195 g (80%) of methyl 20-(z-butyldiphenylsilyloxy)-
icosanoate (201) as a colorless oil; IR (CDCl3) 3072.3, 3052.7, 2928.5,
2855.4, 1731.6, 1464.1, 1428.0, 1111.0 cm™; "HNMR (CDCls, 400 MHz) &
1.05 (s, 9H, C(CHs)s), 1.15-1.35 (m, 30H, (CH,),s), 1.50-1.65 (m, 4H), 2.30

(t, J = 7.5 Hz, 2H, CH,CO), 3.65 (t, J = 6.6 Hz, 2H), 3.66 (s, 3H, OCH;),
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7.35-7.42 (m, 6H), 7.62-7.68 (m, 4H); '*C NMR (CDCl;, 100 MHz) § 19.22,
23.85, 23.90, 24.97, 25.78, 26.87, 28.85, 28.94, 29.17, 29.27, 29.40, 29.47,
29.62, 29.64, 29.66, 29.69, 29.71, 32.59, 34.12, 51.43, 64.02, 127.55,
129.46, 134.19, 135.57, 174.33; ESI-MS 581.3 (M+H)". Anal Caled. for

C37HeoOs8i: C, 76.49; H, 10.41. Found: C, 76.78; H, 10.29.

Synthesis of 10-(t-Butyldiphenylsilyloxy)-l-(Methoxymethoxy)decane
(202):

Fuji’s method”’ was used. To a stirred solution of 10-(¢-
butyldiphenylsilyloxy)decan-1-ol (199, 1.512 g, 3.67 mmol) in chloroform
(20 mL, dried over phosphorus pentoxide) were added dimethoxymethane
(23 mL, 257 mmol) and phosphorus pentoxide (7.00 g) in portions. After
20 min, the solution was poured into saturated aqueous Na,COj; solution
(100 mL) and the solid residue was washed with saturated aqueous Na,CO;
solution (30 mL). The aqueous phases were extracted with CH,CI, (3x50
mL) separately and the combined organic phases were washed with brine,
dried, and evaporated. The residue was purified by chromatography
(hexane/EtOAc, 20:1) to yield 1.42 g (85%) of 10-(¢-butyldiphenylsilyloxy)-
1-(methoxymethoxy)decane (202) as a colorless oil; IR (CDCl;) 3071.9,

3052.4, 2931.2, 2857.4, 1469.0, 1427.9, 1109.9, 1041.3 cm™; 'H NMR
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(CDCls, 400 MHz) & 1.04 (s, 9H, C(CHs)s), 1.20-1.40 (m, 12H, (CH)g),
1.52-1.62 (m, 4H), 3.36 (s, 3H, OCH), 3.52 (1, J = 6.7 Hz, 2H), 3.65 (t, J =
6.5 Hz, 2H), 4.62 (s, 2H, OCH,0), 7.30-7.40 (m, 6H), 7.60-7.70 (m, 4H);
"C NMR (CDCL;, 100 MHz) § 19.23, 25.77, 26.24, 26.87, 29.37, 29.45,
29.56, 29.77, 31.60, 32.59, 55.09, 64.01, 67.89, 96.39, 127.56, 129.47,
134.19, 135.58. Anal Calcd. for CpsHyOsSi: C, 73.63; H, 9.71. Found: C,

73.57; H, 9.87.

Synthesis of 10-(Methoxymethoxy)decan-1-ol (203):
10-(z-Butyldiphenylsilyloxy)- 1-(methoxymethoxy)decane (202, 0.840
g, 1.84 mmol) was dissolved in TBAF (4 mL, 1 M in THF). The mixture
was stirred overnight, then water (20 mL) was added. The resulting mixture
was extracted with ether (3x50 mL) and the combined organic phases were
washed with brine and dried. The solvents were evaporated and the residue
was purified by chromatography (hexane/EtOAc, 6:1) to yield 0.365 g
(91%) of 10-(methoxymethoxy)decan-1-ol (83) as a colorless oil; IR
(CDClL) 3622.7, 2931.5, 2856.4, 1466.4, 1146.2, 1108.2, 1041.3 cm™; 'H
NMR (CDCl3, 400 MHz) § 1.20 (m, 13H), 1.50-1.60 (m, 4H), 3.36 (s, 3H,

OCH;), 3.52 (t, J = 6.6 Hz, 2H), 3.64 (t, J = 6.6 Hz, 2H), 4.62 (s, 2H,
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OCH,0); °C NMR (CDCl;, 100 MHz) & 25.73, 2621, 29.41, 29.52, 29.54,
29.74, 32.81, 55.10, 63.07, 67.88, 96.39. Anal Calcd. for Cy,HyOs: C,

66.01; H, 12.00. Found: C,66.17; H, 12.03.

Synthesis of 10-(Methoxymethoxy)-1-Iododecane (204):

To a stirred mixture of Ph;P (0.453 g, 1.73 mmol), imidazole (0.148
g, 2.16 mmol) and 10-(methoxymethoxy)decan-1-ol (127, 0.315 g, 1.44
mmol) in ether (6 mL) and CH;CN (4 mL) was added I, (0.585 g, 2.30
mmol) in portions at 0°C. The resulting mixture was allowed to warm to rt
and stirred for 30 min, then diluted with methanol (1 mL), then stirred for an
additional 15 min. The mixture was filtered through a short silica gel pad
which was washed with hexane/EtOAc (100 mL, 6/1). The combined fil-
trates were evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 20:1) to yield 0.401 g (85%) of 10-(methoxymethoxy)-1-
iododecane (204) as a colorless oil; IR (CDCls) 2931.1, 2856.1, 1465.8,
1212.1, 1149.0, 1108.4, 1043.6 cm™; '"H NMR (CDCl;, 400 MHz) § 1.20-
1.45 (m, 12H, (CHa)s), 1.52-1.62 (m, 2H, CHy), 1.75-1.85 (m, 2H, CH,),
3.19 (t, J = 7.1 Hz, 2H, CH;,I), 3.36 (s, 3H, OCH3), 3.52 (t, J = 6.7 Hz, 2H,

CH,0Si), 4.62 (s, 2H, OCH,0); '*C NMR (CDC13, 100 MHz) § 7.34, 26.21,
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28.53, 29.36, 29.40, 29.48, 29.75, 30.50, 33.56, 55.10, 67.86, 96.40. Anal
Calcd. for Ci,H,s0,1: C, 43.91; H, 7.68; I, 38.66. Found: C, 44.03; H, 7.52;

I, 38.34.

Synthesis of 10-[(t-Butyldiphenylsilyl)oxy]-l-(Methoxymethoxy)-
icosane (205):

To a solution of 12.5 mL (1.25 mmol) of a 0.1 M of Sml; in THF un-
der argon was added 0.87 mL (5 mmol) of dried HMPA. The deep purple
solution was stirred at rt for 5 min, then 10-(#-butyldiphenylsilyloxy)-1-
iododecane (200, 0.261 g, 0.500 mmol) in THF (1 mL) was added dropwise
during a period of 2 min. The resulting light purple mixture was stirred for
15 min, and 14 mg (0.1 mmol) of CuBr was added. After 5 min, 10-
(methoxymethoxy) -1-iododecane (204, 0.138 g, 0.42 mmol) in THF (1 mL)
was added dropwise during a period of 1 min. The resulting mixture was
stirred for 30 min at rt and then poured into 25 mL of brine which contained
5 mL of 10% HCI. The organic phase was separated and the aqueous phase
was extracted with ether (3x30 mL). The combined organic layers were
washed with saturated aqueous sodium thiosulfate and brine, then dried.
The solvent was evaporated and the residue was purified by chromatogra-

phy (hexane/EtOAc, 20:1) to yield 0212 g (85%) of 10-[(z-
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butyldiphenylsilyl)-oxy]-1-(methoxy-methoxy)icosane (205) as a colorless
oil; IR (CDCl3) 3071.9, 3050.6, 2928.4, 2855.1, 1467.8, 1427.9, 1109.8,
1042.8 cm™; 'THNMR (CDCl,, 400 MHz) & 1.04 (s, 9H, C(CHj3)s), 1.20-1.40
(m, 32H, (CHa)s6), 1.48-1.62 (m, 4H), 3.30 (s, 3H, OCH;3), 3.51 (t, J = 6.6
Hz, 2H), 3.65 (t, J = 6.5 Hz, 2H), 4.62 (s, 2H, OCH;0), 7.30-7.42 (m, 6H),
7.60-7.65 (m, 4H); “C NMR (CDCl;, 100 MHz) 5 19.23, 25.78, 26.23,
26.87, 29.40, 29.46, 29.63, 29.72 (m), 32.59, 55.08, 64.02, 67.89, 96.39,
127.55, 129.46, 134.20, 135.58; ESI-MS 597.3 (M+H)". Anal Calcd. for

C3sHesO5Si: C, 76.52; H, 10.82. Found: C, 76.72; H, 10.69.

Synthesis of 8-(t-Butyldiphenylsilyloxy)-1-Iodo-(2R,7S)-3,7-dimethyl—
octane (212):

To a mixture of 8-(t-butyldiphenylsilyloxy)-(3R,7S)-3,7-dimethyl-
octan-1-ol (190, 0.60 g, 1.46 mmol), PhsP (0.459 g, 1.75 mmol) and imida-
zole (0.149 g, 2.19 mmol) in dry ether (6 mL) and CH;CN (4 mL) at 0 °C
was added I, (0.539 g, 2.34 mmol) in portions. The mixture was allowed to
warm to room temperature and stirred for 0.5 h, diluted with methanol
(ImL) and stirred for an additional 15 min. The residue was filtered
through a short silica gel pad which was washed with hexane/EtOAc (6:1,

100ml). The combined organic layers were evaporated and the residue was
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purified by chromatography (hexane/EtOAc, 20:1) to give 0.652 g (86%) of
8-(t-butyldiphenylsilyloxy)-1-iodo-(2R,7S)-3,7-dimethyl-octane 212) as a
colorless oil; [a]D25 -6.06 (c 2.51, CHCL); IR (CDCl;) 3072.0, 3052.4,
2963.4, 2930.3, 2858.4, 1471.8, 1428.8, 1111.7 cm™’; '"H NMR (CDCl,, 400
MHz)  0.85 (d, J = 6.5 Hz, 3H, CH;), 0.92 (d, J = 6.7 Hz, 3H, CH;), 1.05
(s, 9H, C(CHs)3), 1.10-1.70 (m, 9H, CH,, CH, (CHy)3), 1.80-1.90 (m, 1H,
CH), 3.10-3.16 (m, 2H, CH,I), 3.40-3.52 (m, 2H, CH0), 7.30-7.40 (m, 6H,
phenyl), 7.60-7.65 (m, 4H, phenyl); '*C NMR (CDCl;, 100 MHz) & 5.37,
16.96, 18.73, 19.32, 24.13, 26.88, 33.34, 33.84, 35.67, 36.52, 40.90, 68.81,
127.56, 129.48, 134.08, 135.62. Anal Calcd. for CgHsoIOSi: C, 59.76; H,

7.52;1,24.28. Found: C, 59.58; H, 7.50; 1, 24.00.

Synthesis of Methyl 16-[(+-Butyldiphenylsilyl)oxy]-(3R,7R,1 18,158)-
3,7,11,15-Tetramethylhexadecanoate (192) using Samarium Diiodide:
To a solution of 5.6 mL (0.56 mmol) of a 0.1 M of Smli, in THF under
argon was added 0.39 mL (2.24 mmol) of dried HMPA. The deep purple
solution was stirred at rt for 5 min, then 8-(¢-butyldiphenylsilyloxy)- 1-iodo-
(2R,7S5)-3,7-dimethyloctane (212, 0.117 g, 0.224 mmol) in THF (1 mL) was

added dropwise during a period of 4 min. The resulting light purple mixture
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was stirred for 15 min, and 5 mg (0.04 mmol) of CuBr was added. After 5
min, methyl (3R,7S)-3,7-dimethyl-8-iodooctanoate (188, 0.0583 g, 0.187
mmol) in THF (1 mL) was added dropwise during a period of 3 min. The
resulting mixture was stirred for 30 min at rt and then poured intc 25 mL of
brine which contained 5 mL of 10% HCI. The organic phase was separated
and the aqueous phase was extracted with ether (3x30 mL). The combined
organic layers were washed with saturated aqueous sodium thiosulfate and
brine, then dried. The solvent was evaporated and the residue was purified
by chromatography (hexane/EtOAc, 20:1) to yield 0.0883 g (81%)

of methyl 16-[(t-butyldiphenylsilyl)oxy]-(3R,7R,11S,15.S')-3,7,11,15—tetra-
methylhexadecanoate (192). Comparison of spectra showed the two sam-

ples of 192 to be identical.

Synthesis of l,16-di[(t-Butyldiphenylsilyl)oxy]-(3R,7S,108,14R)-3,7,-
10,14-tetramethylhexadecane (213)

To a 25 mL three necked flask which was placed grounded Mg turn-
ing (0.50 g, 20 mmol) in THF (3 mL) under argon was added 0.1mL of
BrCH,CH,Br. At the cessation of gas evolution, 1-bromo-8-(z-butyl-
diphenylsilyoxy)-(2S,6R)-2,6-dimethyloctane (191, 0.285 g, 0.600 mmol) in

THF (2mL) was added in one portion. The resultant mixture was stirred 40
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°C for 2 h, then the solution was siphoned into another flask which con-
tained l-bromo-8-(t-butyldiphenylsilyoxy)-(ZS,6R)-2,6-dimethyloctane
(191, 0.238 g, 0.500 mmol) and Li,CuCl, (0.030 mmol, 0.30 ml of 0.1 M in
THF) in THF (1 mL) at -78°C. The resultant solution was allowed to warm
to room temperature and stirred for 72 h, then saturated aqueous NH,CI (5
mL) was added. The organic solvent was evaporated and the residue was
extracted with ether (3x30 mL). The combined ether extracts were washed
with  saturated aqueous NaHCO; and brine, then dried. The solvent was
evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 100:1) to give 1, 16-di[(¢-Butyldiphenylsilyl)oxy]-
(3R,7S,IOS,14R)—3,7,10,I4-tetramethylhexadecane (0.208 g, 68%) and un-
reacted 1-bromo-8-(t-butyldiphenylsilyoxy)-(2S,6R)-2,6-dimethyloctane
(213, 0.058 g, 0.12 mmol) as a colorless oil; [a]D25 -1.21 (¢ 0.99, CHCL); IR
(CHCl;3) 3072.4, 3054.7, 2957.7, 2929.8, 2857.8, 1462.6, 1378.8, 1111.2cm’
'; 'H NMR (CDCls, 400 MHz) § 0.81 (d, J = 6.6 Hz, 6H, 2CH;), 0.83 (d, J
= 6.5 Hz, 6H, 2CHj), 0.95-1.40 (m, 38H), 1.50-1.65 (m, 4H), 3.70 (m, 4H),
7.42 (m, 12H), 7.68 (m, 8H); °C NMR (CDCl;, 100 MHz) § 19.21, 19.72,
19.80, 24.44, 26.88, 29.41, 33.08, 34.36, 37.44, 37.49, 39.67, 62.26, 127.56,
129.47, 134.19, 135.59. Anal Calcd. for Cs;Hz50,Siy: C,78.92; H,9.94.

Found: C, 78.94; H, 9.90.
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Synthesis of (3R,7S,10S,14R)-3,7,lﬂ,l4—tetramethylhexadecan—l,l6-diol
(214):

A mixture of 1,16-di[(t-Butyldiphenylsilyl)oxy]—(3R,7S,IOS,14R)-
3,7,10,14-tetramethyl-hexadecane (213, 0.208 g, 0.263mmol) and tetra-n-
butylammonium fluoride (2mL, 1 M in THF) was stirred at room tempera-
ture overnight, then ether (50mL) was added, and the aqueous phase was
extracted wither ether (2x10mL). The combined ether extracts were washed
with saturated aqueous NaHCO; and brine, then dried. The solvent was
evaporated and the residue was purified by chromatography
(Hexane/EtOAc, 2:1) to give 0.0744g (90%) of (3R,75,10S8,14R)-3,7,10,14-
tetramethyl-hexadecan-1,16-diol (214) as a colorless oil; [a]p> 3.2 (c 1.97,
CHCL;); IR (CHCl3) 3620.6, 2956.2, 2927.9, 2870.6, 1462.3, 1378.6,
1052.0, 996.4 cm™; "H NMR (CDCls, 400 MHz) § 0.85 (d, J = 6.5 Hz, 6H),
0.89 (d, J = 6.4, 6H), 1.00-1.40 (m, 18H), 1.60-1.70 (m, 4H), 1.83-1.93 (m,
2H), 3.36-3.52 (m, 4H); °C NMR (CDCL, 100 MHz) § 19.70, 19.77, 24.38,
28.81, 33.06, 34.26, 37.43, 37.50, 39.95, 61.20. HRMS Calcd. for

Ca0Hi30,: 315.3263, found: (M+H)*, 315.3247.
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Synthesis of 1,16-dibromo-(3R,7S,10S,14R)-3,7,10,14-tetrametbyl-
hexadecane (215):

To a mixture of (3R,7S,10S,14R)-3,7,10,14-tetramethyl-hexadecan—
1,16-diol (214, 0.0744 g, 0.237 mmol) and Ph;P (0.137 g, 0.521 mmol) in
dry CH,Cl, (3mL) at -23 °C was added NBS (0.101 g, 0.569 mmol) at one
portion. The mixture was allowed to warm to room temperature and stirred
for 1.5 h, then diluted with methanol (0.5 mL) and stirred for an additional
0.5 h. Then, a mixture of hexane/EtOAc (6:1, 20ml) was added. Two thirds
of the solvents were evaporated and the residue was filtered through a short
silica gel pad which was washed with hexane/EtOAc (6:1, 100ml). The
combined solvents were evaporated and the residue was purified by chro-
matography (Hexane/EtOAc, 40:1) to give 0.095g (91%) of 1,16-dibromo-
(3R,7S,108,14R)-3,7,10,14-tetramethyl-hexadecane (215) as a colorless oil;
[alp® -5.38 (¢ 1.51, CHCI;); IR (CHCl3) 2957.9, 2928.1, 2869.3, 1462.5,
1379.3, 1262.0 cm™; 'H NMR (CDCls, 400 MHz) § 0.85 (d, J = 6.5 Hz,
6H), 0.89 (d, J = 6.4 Hz, 6H), 1.00-1.40 (m, 18H), 1.60-1.70 (m, 4H), 1.83-
1.93 (m, 2H), 3.36-3.52 (m,4H) “C NMR (CDCls;, 100 MHz) § 19.01,
19.72,24.25,31.68, 32.26, 33.04, 34.29, 36.84, 37.38, 40.04. HRMS Calcd.

for CyHyiBry: 439.1575. found: (M+H)*, 439.1400.
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Synthesis of Methyl (3R,7R,118,158,18S,225)-3,7,11,15,18,22-Hexa-
methylhexaicosanoate (216):

To a solution of 8.5 mL (0.85 mmol) ofa 0.1 M of Sml, in THF under
argon was added 0.6 mL (3.4 mmol) of dried HMPA. The deep purple so-
lution was stirred at rt for 5 min, then 1,16-dibromo-(3R,7S,108S,14R)-
3,7,10,14-tetramethyl-hexadecane (214, 0.073 g, 0.17 mmol) in THF (1 mL)
was added dropwise during a period of 1 min. The resulting light purple
mixture was stirred for 15 min, and 8 mg (0.064 mmol) of CuBr was added.
After 5 min, methyl (3R,75)-3,7-dimethyl-8-iodooctanoate (188, 0.106 g,
0.34 mmol) in THF (1 mL) was added dropwise. The resulting mixture was
stirred for 2 h at rt and then poured into 25 mL of brine which contained 5
mL of 10% HCI. The organic phase was separated and the aqueous phase
was extracted with ether (3x30 mL). The combined organic layers were
washed with saturated aqueous sodium thiosulfate and brine, then dried.
The solvent was evaporated and the residue was purified by chromatogra-
phy (hexane/EtOAc, 20:1) to yield 0.055 g (69%) of Methyl
(3R,7R,118,158,188,228)-3,7,11,15,1 8,22-Hexamethylhexa-icosanoate
(216) as a colorless oil; [a]p® 4.26 (¢ 0.1915, CHCL); IR (CHCls) 2956.1,

2927.5, 2856.6, 1729.7, 1462.0, 1377.8cm™; 'H NMR (CDCls, 400 MHz) §
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0.84 (m, 18H), 0.93 (d, J = 6.68 Hz, 3H), 1.00-1.40 (m, 35H), 1.90-2.00 (m,
1H), 2.10 (q, J = 8.2 Hz, J = 14.7 Hz, 1H), 2.31 (q,/ = 6.0 Hz, J = 14.7 Hz,
IH), 3.67 (s, 3H). “C NMR (CDCL;, 100 MHz) 5 19.28, 19.76, 19.80,
24.36, 24.48, 24.51, 24.53, 29.49, 30.41, 32.77, 32.82, 33.08, 34.33, 37.00,
37.10, 37.13, 37.38, 37.43, 37.57, 41.67, 51.34, 173.84. HRMS Calcd. for

C31Hg304: 467.4828. Found: (M+H)", 467.4838.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



137

Chapter 4. References

1. Sita, L. A. J. Org. Chem. 1993, 58, 5285 and references therein.
2. Mercier, C.; Chabardes, P. Pure Appl. Chem. 1994, 66, 1509.

3. (a) Lipshutz, B. H.; Bulow, G.; Lowe, R. F.; Stevens, K. L. J. Am.
Chem. Soc. 1996, 118, 5512. () Guo, J.; Yy, R.; Gu, D. Yiyao
Gongye 1986, 17, 468.

4. Connolly, J. D.; Hill, R. A. Dictionary of Terpenoids: Vol. 2, Di-and
Higher Terpenoids; Chapman and Hall: London, 1991.

5. Metzger, P.; Largeau, C.; Casadevall, E. Progr. Chem. Org. Nat. Prod.
1991, 57, 1.

6. Cafieri, F.; Fattorusso, E.; Santacrose, C.; Minale, L. Tetrahedron
1972, 28, 1579.

7. (a) Mori, K. The Synthesis of Insect Pheromones. In The Total
Synthesis of Natural Products; ApSimon, J ., Ed.; J. Wiley: New York,
1981; Vol. 4. pp 1-184. (b) Baker, R.; Winton, P.; Tuner, R. W.
Tetrahedron Lett. 1980, 21, 1175. (¢) Bystrom, S.; Hogberg, H. B.;
Norin, T. Tetrahedron 1981, 37, 2554.

8. Mori, K. The Synthesis of Insect Pheronones, 1979-1989. In The
Total Synthesis of Natural Products; ApSimon, J., Ed.; J. Wiley: New
York, 1992; Vol. 9. pp 1-524.

9. (a) Sonnet, P. E.; Uebel, E. C.; Harris, R. C.; Miller, R. W. J. Chem.
Ed 1977, 3, 245. (b) Carlson, D. A ; Langley, P. A.; Huyton, P.
Science 1978, 201, 750.

10. Mori, K.; Kuwahara, S.; Ueda, H. Tetrahedron 1983, 39, 2439.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



138

11. (a) Langworthy, T.A., Current Topics in Memranes and Transport
Vol 17, Academic Press, New York, 1982, p45. (b) Langworthy, T.A.
The Bacteria Vol. III, Chap. 10; Academic Press: New York, 1985, p.
459. (c) De Rosa, M.; Gambacorta, A., Prog. Lipid. Res., 1988, 27,
153. (d) Sprott, G. D. J Bioenerg. Biomembr. 1992, 24, 555. (e) De
Rose, M.; Riccio, A. M.; Gambacorta, A.; Incani, O., Biosensors &
Bioelectronics 1994, 9, 669. (f) Woese, C.R.; Kandler, O.; Wheelis,
M.L., Proc. Natl. Acad. Sci. USA 1990, 87, 4576. (g) Day, L., Mosaic
1991, 11[4], 47. (h) The Biochemistry of Archae (Archaebacteria) in
New Comprehensive Biochemistry; Kates, M.; Kushner, D.J;
Matheson, A.T. Eds.; Elsevier: Amsterdam, 1993; Vol, VI.

12. (a) Lelkes, P. L; Goldenberg, D.; Gliozzi, A.; de Rosa, M.;
Gambacorta, A.; Moller, I. Biochim. Biophys. Acta 1983, 32, 714. (b)
Blocher, D.; Gutermann, R.; Henkel, B.; Ring, K.; ibid. 1984, 778, 74.
(c) Miller, L; Bach, D.; de Rosa, M.; Gambacorta, A. Biophys. Chem.
198S, 22, 27. (d) Blocher, D.; Six, L.; Gutermann, R.; Henkel, B.;
ring, K. Biochim. Biophys. Acta 1985, 818, 333. (e) Gulik, A.;
Luzzati, V.; de Rosa, M.; Gambacorta, A. J Mol Biol. 1988, 210,
429. (f) Blocher, D.; Gutermann, R.; Henkel, B.: ring, K. Biochim,
Biophys. Acta 1990, 1024, 54. (g) Lo, S-L.; Chang, E. L. Biochem.
Biophys. Res. Commun. 1990, 167, 238. (h) Melikyan, G. B.;
Matinyan, N. S.; Kocharov, S. L.; Arakelian, V. B.; Prangishvili, D.
A.; Nadaerishvili, K. G. Biochim. Biophys. Acta 1991,1068, 245. (1)
Blocher, D.; Freisleben, H-J.; Becker, G.; Jung, G.; Ring, K. Biochim.
Biophys. Acta 1991, 1065, 160. () Elferink, M. G. L.; de Wit, J. G.;
Demel, R.; Driessen, A. J. M.; Konings, W. N. J. Biol. Chem. 1992,
267, 1375. (k) Stern, J.; Feisleben, H-J.; Janku, S., Ring, K. Biochim.
Biophys. Acta 1992, 1128, 227. (1) Cavagnetto, F.; Relini, A.;
Mirgani, Z.; Gliozzi, A.; Bertoia, D; Gambacorta, A. Biochim.
Biophys. Acta 1992, 1106, 273. (m) Mhoquet,, C. G.; Patel, G. B.;
Beveridge, T. J.; Sprott, G. D. Appl. Env. Microbiol. 1992, 58, 2894.
(n) Elferink, M. G. L.; de Wit, J. G.; Driessen, A. J. M.; Konings, W.
N. Eur. J. Biochem. 1993, 214,917. (o) Elferink, M. G. L.; de Wit, J.
G.; Driessen, A. J. M.; Konings, W. N. Biochim. Biophys. Acta 1994,
1193, 247. (p) Relini, A_; Cassinadri, D.; Mirghani, Z; Breadt, O.;
Gamborta, A.; Trincone, A.; de Rosa, M.; Gliozzi, A. Biochim.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



139

Biophys. Acta 1994, 1194, 17. (q) Choquet, C. G.; Patel, G. B.;
Beveridge, T. J.; Sprott, G. D. Appl. Microbiol. Biotechnol. 1994, 42,
375. (r) Preislaben, H-J.; Zwicker, K, P.; John, G.; Bettion-Bogutzi,
A.; Ring, K.; Nawroth, T. Chem. phys. Lipids 1995, 78, 137. (s) Van
den Vossenberg, J.L.C.M.; Ubbink-Kok, T.; Elferink, M.G.L.;
Driessen, A.J.M.; Konings, W. N. Mol. Biol. 1995, 18, 925.

13. Grather, O.; Arigoni, D. J. Chem. Soc. Chem. Commum. 1995, 406.

14. (a) Eguchi, T; Kana, H.; Kakinuma, K. J. Chem. Soc. Chem. Commun.
1996, 365-366.

15. Berkowitz, W.F.; Wu, Y. J. Org. Chem. 1997, 62, 1536-153.

16. Berkowitz, W. F.; Wu, Y. Tetrahedron Lett. 1997, 38(18), 3171-
3174.

17. (a) Heathcock, C. H.; Finkelstein, B. L.; Aoki, T.; Poulter, C. D.
Science, 1985, 229, 862. (b) Heathcock, C. H.; Finkelstein, B. L.;
Jarvi, E. T.; Radel, P. A.; Hadley, C.R. J. Org. Chem. 1988, 53, 1992.
(c) Heathcock, C. H.; Radel, P. A. J. Org. Chem. 1986, 51, 4323.

18. (a) Eguchi, T.; Terachi, T.; Kakinuma, K. Tetrahedron Lett. 1993,
34, 2175. (b) Eguchi, T.; Terachi, T.; Kakinuma, K. J. Chem. Soc.,
Chem. Commun. 1994, 137.

19. Czeskis, B. A.; Alexeev, L. G.; Moiseenkov, A. M. Russian Chemical
Bulletin 1993, 42, 1246. (b) Czeskis, B. A.; Alexeev, I. G;
Moiseenkov, A. M. Mendeleev Commun. 1993, 93.

20. (a) Brettle R.; Holland, F. S. J Chem. Soc. 1962, (12), 4836. (b)
Giral, F.; Giral, G. B. Chem. Ber. 1960, 93, 2825.

21. (a) Gramatica, P.; Poli, L., J Org. Chem. 1985, 50, 4625. (b)

Gramatica, P.; Manitto, P.; Ranzi, B. M_; Delbianco, A.; Francavilla,
M. Experientia 1982, 38, 775. (¢) Gramatica, P.; Manitto, P.:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



140

Speranza, G. Tetrahedron 1986, 42, 6687. (d) Gramatica, P.; Manitto,
P.; Speranza, G. Tetrahedron 1987, 43, 4481.

22. (a) Gambacorta, A.; Turchetta, S.; Farah, M.E. Gazz. Chim. Ital.
1992, 122, 527. (b) Botta, M.; Castelli, S.; Gambacorta, A.
Tetrahedron 1985, 41, 2913. (c) Hickmott, P. W.; Hargreaves, J. R.,
ibid. 1967, 23, 3151.

23. Hickmott, P. W.; Hargreaves J. R. Tetrahedron 1967, 23, 3151.

24. Tamura, M.; Kochi, J. Synthesis 1971, 303.

25. Berube, G.; Deslongchamps, P. Bull. Soc. Chim. France 1987, 103.

26. (a) Hanessian, S.; Murray, P. J.; Sahoo, S. P. Tetrahedron Lett. 1985,
26, 5623. (b) Ravid, U.; Silverstein, R. M.; Smith, L. R.; Tetrahedron
1978, 34, 1449-1452.

27. (a) Still, W.C.; Darst, K.P. J. Am. Chem. Soc. 1980, 102, 7385-7387.
(b) Chenevert, R.; Desjardins, M. J. Org. Chem. 1996, 61, 1219-1222.

28. Molander, G. A.; Shakya, S.R. J. Org. Chem. 1994, 59, 3445.
29. Ansell, M. F.; Thomas, D. A. J. Chem. Soc. 1961, 539.
30. Irrgang, B.; Mayr, H. Tetrahedron 1991, 47, 219.

31. Uijttewaal, A.P.; Jonkers, F.L.; Gen, A. V. D. J. Org. Chem. 1979,
44, 3157.

32. (a) Maercker, A.; Weber, K. Justus Liebigs Ann. Chem. 1972, 756,
43-78. (b) Trost, B. M,; Kunz, R. A. J. Am. Chem. Soc. 1978, 97,
7152. (c) Hao, N. K.; Cheskis, B. A.; Mavrov, M. V.; Moiseenkov,
AM.; Serebryakov, E. P. Zhur. Org. Khim. 1987, 23, 498. Methyl
lithium was used instead of pyridine, following Stock’s procedure. (d)
Stock, G.; Grieco, P. L.; Gregson, M. Org. Synth. 1974, 54, 68-70.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



141

33. (a) Derguini-Boumechal, F.; Lorne, R.; Linstrumelle, G. Tetrahedron
Lett. 1977, 1181. (b) Morisaki, M.; Shibata, M.; Duque, C.; Imamura,
N.; Ikekawa, N. Chem. Pharm. Buill. 1980, 28, 606.

34. (a) Brown, H. C; Negishi, E. J. Am. Chem. Soc. 1967, 89, 5477-78.
(b) Brown, H. C.; Negishi, E-I. J. Am. Chem. Soc. 1972, 94, 3567. (c)
Negishi, E.; Broen, H. C. Synthesis, 1974, 77-89. (d) Brown, H. C,;
Zaidlewicz, M. J. Am. Chem. Soc. 1976, 98, 4917-4925. (e) Koreeda,
M.; Brown, L. J. Org. Chem. 1983, 48, 2122-2124. (f) Pelter, A
Smith, K.; Hutchings, M. G.; Rowe, K. J. C. S. Pekin Trans. 1. 1975,
129.

35. Brown, H. C.; Basavaiah, D.; Kulkarni, S. U.; Lee, H. D.; Negishi,
E.; Katz, J. I. J Org. Chem. 1986, 51, 5270-5276. Kulkarni, S. V.
Dhokte, U. P.; Brown, H. C. Tetrahedron Lett. 1996, 37, 1763-1766.

36. Brown, H. C.; Sikorski, J. A.; Kulkamni, S. U.; Lee, H. D. J. Org.
Chem. 1982, 47, 863-872.

37. (a) Cox, P. J.; Simpkins, N. S. Tetrahedron: Asymmetry 1991, 2, 1-
16. (b) Alexandre, A.; Mangency, P. Tetrahedron: Asymmetry 1990,
1, 295-8. (c) Majewski, M.; Gleave, D. M. J Org. Chem. 1992,
57,3599-3605. (d) Sobukawa, M.; Nakajima, M.; Koga, K.
Tetrahedron: Asymmetry 1990, 1, 295-8. (e) Cain, C. M.; Cousins, R.
P. C.; Coumbarides, G.; Simpkins, N. S. Tetrahedron 1990, 46, 523-
544. (HKim, H.; Shirai, R.; Kawasaki, H.; Nakajima, M. ; Koga, K.
Heterocycles 1990, 30, 307-310. (g) Bunn, N. S.; Cox, P.J.; Simpkins,
N. S. Tetrahedron 1993, 49, 207-218.

38. House, H.; Phillip, W. V. J. Org. Chem. 1978, 43, 3855.

39. (a) Corey, E. J.; Gross A. W. Tetrahedron 1984, 25, 495. (b) Clark,
D. C.; Heathcock, C. H. J. Org. Chem. 1976, 41, 1396-1430.

40. (a) Machilin, L. J.; Ed. “Vitamin E”, Marcel Dekker: New York,

1979. (b) Bieri, J. G.; Farrell, P.M. Vitam. Horm. (N. Y.) 1976, 34,
31-75. (c) Huisman, H. O. Pure Appl. Chem. 1977, 49, 1307-1321.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



142

(d) de Duve, C., Hayaishi, O., Ed. “Tocopherol, Oxygen and
Biomembranes”, Eisevier/North Holland Biomedical Press:
Amsterdam, 1978.

41. For syntheses of the Cy4 side chain: (a) Scott, J. W.; Bizzaro, F. T.;
Parrish, D. R.; Saucy, G. Helv. Chim. Acta 1976, 59, 290. (b) Cohen,
N.; Eichel, W. F.; Lopresh, R. J.; Neukom, C.; Saucy, G. J. Org.
Chem. Commun. 1976, 41, 3505. (c) Fuganti, C.; Grasselli, P. J
Chem. Soc. Chem. Commun. 1979, 995. (d) Heathcock, C. H.; Jarvi,
E. T. Tetrahedron Lett. 1982, 23, 2825. (e) Helmchen, G.; Schmierer,
R. Tetrahedron Lett. 1983, 24, 1235. (f) Berube, G.; Deslongchamps,
P. Bull. Soc. Chim. France 1987, 103. (g) Berube, G
Deslongchamps, P., Can. J. Chem. 1984, 62, 1558. (h) Takano, S.;
Shimazaki, Y.; Iwabushi, Y.; Ogasaware, K. Tetrahedron Lett. 1990,
31, 3619. (i) Naoshima, Y.; Munakata, Y.; Yoshida, S.; Funai, A. J.
Chem. Soc. Perkin Trans. 1 1991, 549. () Mori, K.; Harada, H.;
Zagatti, P.; Cork, A.; Hall, D. R. Liebigs Ann. Chem. 1991, 259. (k)
Takabe, K.; Sawada, H.; Satani, T.; Yamada, T.; Katagiri, T.; Yoda, H.
Bioorg. Med. Chem. Lett. 1993, 3, 157. (1) Molander, G. A.; Shakya,
S. R. J. Org. chem. 1994, 59, 3445. (k) Chenevert R.; Desjardins, M.
J. Org. Chem. 1996, 61, 1219-1222.

42. For the syntheses of the C;s side chain: (a) Schmid, M.; Barner, R.
Helv. Chim. Acta 1979, 62, 464. (b) Zell, R. Helv. Chim Acta 1979,
62, 474. (c) Cohen, N; Lopresti, R. J.; Saucy, G. J. Am Chem.
Soc.1979, 101, 6710. (d) Fujiwara, T.; Sato, T.; Kawara, T.; Ohashi,
K. Tetrahedron Lertt. 1981, 2, 4823. (e) Trost, BM.; Klum, T. P. J
Am. Chem. Soc. 1981, 103, 1864. (f) Koreeda, M.; Brown, L. J. Org.
Chem. 1983, 48, 2122, (g) Fujiwara, J.; Fukutani, Y.; Hasegawa, M.;
Muruoka, K.; Yamamoto, H. J. Am. Chem. Soc. 1984, 106, 5004. (h)
Gramatica, P.; Manitto, P.; Monti, D.; Speranza, G. Tetrahedron 1986,
24, 6687. (i) Takaya, H.; Ohta, T.; Sayo, N.; Kumobayashi, A.;
Akutagawa, S.; Inoue, S.; Kasahara, O.; Noyori, R. J. 4m. Chem. Soc.
1987, 109, 1596. (j) Gould, T. J.; Balestra, M.; Wirrman, M. D.; Gary,
T. A.; Rossano, L. T.; Kallmerten, J. J. Org. Chem. 1987, 52, 3889.
(k) Hubscher, J.; Barner, R. Helv. Chim. Acta 1990, 73, 1068. ()
Heiser, B.; Broger, E. A.; Crameri, Y. Tetrahedron Asymmetry 1991,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



143

2,51. (m) Takano, S.; Sugihara, T.; Ogasawara, K. Synlett. 1991, 279.
(n) Cohen, N.; Sachaer, G.; Scalone, M. J. Org. Chem. 1992, 57, 5783.

43. (a) Mayer, H.; Isler, O. Methods Enzymol. 1971, 18C, 241-348, 469-
547. (b) Schudel, P.; Mayer, H.; Isler, O. In “The Vitamins” Vol. 5;
Sebrell, W. H., Jr., Harris, R. S.; Ed.; Academic Press: New York,
1972; pp 168-218. ( c) Cohen, N., Lopresti, R. J.; Saucy, G. J. 4m.
Chem. Soc. 1979, 101, 6710.

44. Bose, A. K.; Lal, B. Tetrahedron Lett. 1973, 3939.

45. Nystrom, R. F. J. Am. Chem. Soc. 1959, 81, 610.

46. Hanessian, S.; Lavallee, P. Can. J. Chem. 197§, 53, 2975-77.
47. Fuji K.; Nakano, S.; F ujita, E. Synthesis 1975, 276.

48. Nunomoto, S.; Kawakawi, Y.; Yamashita, Y. J. Org. Chem. 1983, 48,
1912-1914.

49. (a) Stardodubtseva, E.V.; Konenko, I. R.; Fedorovskaya, E. A.;
Klabunovskii, E. I.; Mordovin, V. P. [zv. dkad Nauk SSSR 1986,
1960. (b) Kagan, H.B.; Namy, J. L. Tetrahedron 1986, 42, 6573. (c)
Molander, G. A.; McKie, J. A. J. Org. Chem. 1993, 58, 7621-7227.

50. Girard, P.; Namy, J. L.; Kagan, H. B. J. Am. Chem. Soc. 1980, 102,
2693.

51. Fukuzawa, S.; Mutoh, K_; Tsuchimoto, T.; Hiyama, T. J. Org. Chem.
1996, 61, 5400-5405.

52. (a) Totleben, M, J.; Curran, D. P.; Wipf, P. J. Org. Chem. 1992, 57,
1740-1744. (b) Wipf, P.; Venkatraman, S. J. Org. Chem. 1993, 58,
3455-3459.

53. (a) Machrouhi, F.; Hamann, B.; Namy, J. L.; Kagan, H. B. Synlert.
1996, (7), 633. (b) Molander, G. A.; Shakya, S. R. J Org. Chem.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



144

1994, 59, 3445-3452. (c) Hebri, H.; Dunach, E.; Perichon A. J. Chem.
Soc., Chem. Commun. 1993, 499-500.

54. Stallberg-Stenhagen, S., Ark. Kemi 1947, 25A, No. 10; 1952, 3, 117,
517.

95. (a) Herold, P.; Mohr, P.; Tamm, V. Helv. Chim. Acta 1983, 66, 744.
(b) Kocienski, P. I.; Lythgoe, B.; Robert, D. A. J. Chem. Soc. Perkin

Trans.1 1978, 838. (c) Rossi, R.; Carpita, A.; Chini, M. Tetrahedron
1985, 41, 627.

56. Paquette, L. A.; Deaton, D. N.; Endo, K_; Poupark, M. J. Org. Chem.
1993, 58, 4262.

57. House, H.; Phillip, W. V. J. Org. Chem. 1978, 43, 3855.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



