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121977 VININ MNP ONXN
.HCCCCH , H.CC(CH3)CCH

ANA DIVN D3 TV NNIINN NO NN MNIN MNPIINN NAY MY (2
121977 VININ MNP ONN
.FCHCHF

.C-) B DI8NN DX NN (ORPYTI) Br- oy AN Yw nann (3
2RPTININ NN NXIN C AXIM 01PN NIN B I8IN 2 P
JPNPRT NNNINT ONNOD J9IND /N
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2 P79 DMINPON

GOOL

:DNINP?N

$MMINY

.methylcyclohexane 5v Ci-C2 WP 121 N2OVN RN (1
JPONMONPR NTNYL NN IR N
JPONODOPR NTNHYA DXNNN YR .2
251K ©Y02 C3-D DXNNN P2 MNPRIVIND NN L)
PN TTNYTO AN NN HINNINPIVN T

:INAN INOPMOPINN NN NX XD NONNPNMMPO 1PN (2

: (D)70/0°N H919) MINAN MAOINY IUPAC» @Y v »n (3
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3PI9 DMINPON DY MANN

GUUL

:DMINP?N 2¥ Mann

$MMINY

RO NIT - 2,2 YW MY TvA - 782 keal/mole XN I1NVIO HY NIV OIN (1
9N N OIINNN I .- 777 kcal/mole NIN

.C-H v H¥ m0I01mn mMSNIXIDMT MANN MNIAY NPAOTIN TINNY - (2
.72NN NPAOMINA DY TANN DY 1NN 120N

CH3CH20H2-H _— CH30H2CH2 * + H' AH=423 kJ/mOI

CH,CHCH, —— CH;CHCH; + He  AH=413 kj/mol

H

TYIN2 IX NN NININ ITHN NNVINIVI NYNIND IXNND DV MDIPINDD (3
.0MN2

heat n
CH4 +CI2 or light :

(initiation, propagation, termination) N2> N2NN 2OV NX WO N
1252 A8 PININD DD
(D»VINDT DN 72 ,DONTVPIN II2YN) PNINNN NNX /NN
(CH3CH2CI) {DXYMDD S¥ Mapy MYapnn i nanna .2
.Y I0IND DYDP2INN MINPRIN 22OY NN /NNIN

YN DIYIND DININD ONN VI, INDVIADNN - 2 DY 7PSMOMNN Ny (4
PXPNINY PNV N VAP DO

T X, i
—_ —_ —_ _—
H{C—G—C—CH, Y :
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4 P19 TPDNNOPN NN

GOOL

N22IN??71 NANNN

$MMINY

SN2 N2NN2 DNOY NPDVPRIN T 9D PYD D521 MADIND NN IMTO (1
2-bromo-2-methylbutane, 1-bromopentane, 2-bromopentane .N
1-bromo-3-methylbutane, 2-bromo-2-methylbutane, 3-bromo-2-methylbutane .2
1-bromobutane, 1-bromo-2,2-dimethylpropane, 1-bromo-2- methylbutane, 1- .)
bromo-3-methylbutane

YNINN NANN VNI IYAD NSN NN VN INYI ,MINID Sh2 MANN NIy (2
21200 ,ND 9952/TINND OND

CH,CN + I- — CH,I+CN™ .X
CHFF + CI- — CH,CI+F .2
CH,OTs + CI© — CH,ClI+TsO™ .)

ISN1 YN AN AN NN B YA DN NV PANnIM (3
L0790 1010 MYXNNIINION

: INAD NVNITNAIVIAPH OINNION (4

H,O

— 2 5 9

Br
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OV

£ 09NN PNINND DX INYI MR MANN MY (5

CHg
A
Br QEt (1)
EtOH
O/\Br EtO™

O/\oa @)

TV NNPNIY TY OMINNY DINNA cis-1-t-butyl-4-chlorocyclohexane YWND (6
DN trans-t-butyl-4- ethoxycyclohexane P2y IXIN Y2APNN MYV 190N

98NN ,2M 11572 (t-buO K™ ) TPOPIVIAVIV POYN NDINNY GOIN TWND
.1-t-butylcyclohexene YpONN 1>1 MPOYN
NINNIND NN 200 MANNN Y2 NNX DD XN 1NN /DI

9NV NP PPNITA-NT NI DONIN DONOIN N DWW (7
CH,CH,CH,CH,CH,OH or CH,CH,CH,CHOHCH, .N

(CH,), C(OH)CH,CH, or (CH,), CHCHOHCH, .2
(CH,), CHC(OH)(CH,), or (CH,), CHCH(CH,)CH,0H .

:TPAVIVN DNNMIDN DD NINDNA NXNMIN DY DN MNWIOYWOND (8

[
CH;——C——OH SR ?

’ H,0'*

CH,

139N 1DIDN MNYIDY DN IMN NYNDI NANNN DIN M9 INPIIY MNDNTa
309 NNMN YPIIDNN DMDN MIKIPIY ININ NPLVIP MTTN INVIVN
APONRN 910N ININND MKV IWUNRND INY NPNIN
JMON DND NYAPY TITYNN N
NYIRNND MINNYNL YIDOY TIN NPLIP MPTH DY NINXIN 720N .2
JDON MIRNIND DINRINKRD NP MNP SV OMDIN) 20N> 5712 PN
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GOOL

TXINN

$MMINY

: DV (E2) N98IN9N99°N72 DAPNND DMAN DININ WDON (1
1-bromohexane .N
2-bromohexane .2
3-bromo-2-methylpentane .)

PN DY02Y IXIMNMYMITNTI NPDVPRN 9D DXIMNN NN /AT (2
1-bromo-3-methylbutane .N
2-bromo-2-methylbutane .2
3-bromo-2-methylbutane .

: OV TPSMMOMITNTA DAPNNN MIPIYN IHMNNINND (3
trans-1-bromo-2-methylcyclohexane

: N2 NIV DAYV NN NN (4

ﬂ, 2-methyl-2-pentene (80%) +
4-methyl-2-pentene (11%) +
2-methyl-1-pentene (9%)

OTs

0 C
-OTs = 0-S

I

(@]

: DYNIAN OIMNN DX DIAPO TITYNN (5

.N
/\T/ /\K/NII_.

NH

AN T —

N, >_/\%
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G AS e

TVNIO NNYNAY TY DNINY D1INNA cis-1-t-butyl-4-chlorocyclohexane 9WND
DOWN trans-t-butyl-4-ethoxycyclohexane P>y I8N 2pNN MYY 1901
ININN ,2M 11572 (t-buO'K*) TOPIVIAVIV POVYN NOMIND G0IN TWND
10 NNKX 995 NN YN0 /0w 4-t-butylcyclohexene ypbxin 11 »Mipoyn
JIRSIND NN 9207 MIANNN

:INY NP PSITN-NT 92 DINAN DDNONN N DIV
CH3CH2CH2CH2CH20OH or CH3CH2CH2,CHOHCH3 .N
(CH3)2.C(OH)CH2CHj3 or (CH3).CHCHOHCH3 .2
(CHz3)2CHC(OH)(CH?3)2 or (CH3)2CHCH(CH3)CH20H .

:TPVIVN DNNIDN DM MNINA NNMIN BY OMIN MNWOY H1D
CHs
CHg——C——OH H50s | 9

139N 1DIDN MNYIDY DN IMN NYNDI NANNN DIN M9 INPIIY MNdNT
309 NN YNDNN NN NMIIPNIY IR NPLIP MTTH INVIPN
APONN 29101 ININD MIXIPN IWND INY NPNN
JMON SND NYAPY TITYNN N
NYIRNND MINNYNL YIDY TIN NPLP NPT DY NINXIN 72010 .2
IR MNNIND DIRINNKD AP MNP DY OMDIKR) YON> DTN P

()

(7

(8
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GUUL

NMMINMLL

$MMINY

: MINAN MNPOIIN DY MHVINDAND TPNNPMPN NN IWIP (1

cl Hc=CH. HOH
CHZCHS/k"”’CHzF 40)"“
CH, HCZ CH,

TPNINANPN DX IYIAPI ,NMININ MAIDIND NIAY WD INNNVNP I (2

: PVIDIDAND
H CH;
& HCe & b He &
>’\CH2@H >\CH2EI1'
Hg_CHzC H3CH2C
H
H =
C. HiC :-‘:“5 d. H3C>i
: —CH:
>\CH2F H[:I E Z
HaCH,C

: DONIN DIMNN NI [ ) INCawn/avn (3

5cm Y N2 (CHCIls) 0M9M952a 2-chloropentane D¢ 0.5M NONHN N
. 0=+3.64 H¥ 1200 TN NN

TINT NIMI INNX 10ml-2 2-bromooctane D¥ 1.92gr N2210N NONN .2
.5em YW TN NN2 o =-3.6° 12D

.22°C NMVI9NLA [ =310° NDY2 DX INPLIN NN NoIPNN (4

7VINNV NMNA R MXNNAMNP HY2 TAN IDPLINY NIV T
IPLIN DI DY NINNN KINDY (%ee) PVNNM PPN INN . [a], =357
M2IYNI
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GUUL

(00N XOY) [a], =12° NPO¥I0 2120 1IN HY2 MWVNN NNV R-Glycidol (5
NN 75% N2 9NN DY NHONT DY NTTNIN 210N NN DN DN N

1S-1 IMPVLIN IRV R-N INPVLIN
NIN 75% N2 IINN DY NONT DY NTTNIN 12ON N PN HN .2

'([a], =50.7°) R-pinene INWM S-N IDPOLIN

DYNTIN DAMIINNN TAN Y3 NAY THPVINDIAND TIENPINPN DX WP (6
,DYINPOLIN) DI DM NN DIMN NT 92 NAY MMN/POS) DONIN D*IMNI

("9 DINPIVONT

OH

I

O
I\g/
I?

Et
Cl H Cl ;’H
Et
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7979

MANM MNON ,0NIPHN

GOOL

121N NINDN ,0MP2X

YNV

: DINAN ONANN IR MY (1
tert-butyl alcohol .X
4-methyl-3-hexanol .2
(1S, 3R)-3-methylcyclohexanol .»

: DYNAN DMIMINY ITUPAC »99 nnw nn - (2
OH OH
HO
NN NTNVIONY 299 MAPINITO (3

OH OH
>( TN )\/OH

OH
/\/OH

;NN NTVYD DNIYVYN NN IND (4

ﬂ, 2-methyl-2-pentene (80%) +
4-methyl-2-pentene (11%) +
2-methyl-1-pentene (9%)

OTs

i C
-OTs= 0-5
I

o
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7979 MANM MNON ,0NIPHN

GUUL

: DYNAN OIIND IR JAPD TITYSN (5
N

K

A
NH
~— Y
2
A >_/\{

TV NNYNIY TY DMINNY DNNNA cis-1-t-butyl-4-chlorocyclohexane YWND (6
DN trans-t-butyl-4- ethoxycyclohexane P2y IXIN D2APNN MYV 190N

ININN ,2M 11592 (t-buO K™ ) TOPIVIAVLIL POYN NDNHNY GOIN TWND
.1-t-butylcyclohexene YpONN 1>1 MPOYN
NINSIND NN 200 MANNN Y2 NNX D30 XON 1NN /DI

9NV PN HYIPI-NT N DONIN DHNINN D 0w (7
CH,CH,CH,CH,CH,OH or CH,CH,CH,CHOHCH, .

(CH,), C(OH)CH,CH, or (CH,), CHCHOHCH, .2
(CH,), CHC(OH)(CH,), or (CH,), CHCH(CH,)CH,0OH .3

:TPAVIVN DNNMIDN DD NINDNA NXNMIN BY DN MNWIOYW OO (8

CH, c—oH 4250 ?
’ H,0'*
CHa

139N 110N MNYIDY DD IMN NYNDI N2NNN DIN M9 INPIIY MNDNTa
3059 NNMN PIDNN IMDN MNPV IRIN NPVIP MTTH INVIVN
APORN 90N 1NN MNP IYRND INY NPIN
AMON DND NYAPY TITYNN N
NDIRNND MRNWYH VINOY TIN NPLP NITTN DY NMINNIN 9200 .2
JON MINNIND DINRINKRD NP MNP SV OMDIN) 20N> 57152 PN
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8 P9

.YPA9ID) OINN ,DINNY DDND

GOOL

:DPTa?7101 021NN, DMNNY DY?2ND

$MMINY

: DINAN ONANN IR MY (1
tert-butyl alcohol .
4-methyl-3-hexanol .2
(1S, 3R)-3-methylcyclohexanol .»

: DYNAN DMIMINY ITUPAC »99 nnw nn - (2

OH OH

HO

NN NTNVIONY 299 MAPINITO (3

o OH
>( g )\/OH

OH
/\/OH

91 TPNNDIN NMNN NININ MDOINN ONYNIVN (4
L0010 DMNINOND WY 7Y THIIVH NN PNI)

CH,CH,CH,OH H,C—C=C—OH

A B

NI TPNPRY PN N (5

Br
HBr

/\/OH -

H,SO,

A
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8 P19 LTEID) OINN ,DINN) OO

GUUL

NN IV ITINRIAN NANNA INND M N (6

N o M,

H,SO,

A

DN PN, )INDN NI2Y NAIDINND OXND NN MANNNIN NNN D POy (7

APy Hoo
H,C OH H,50, H,C H
h < =
H,C CH, H,C CH,
0
0
o Q
Hsc H )’k /O\ - 1“ /
R ~0" H
>:< Hc—/ \NH + chfA\H
H,C  CH H,C CH, H,C CH

INND NIIPIMNIVIN PP INN NANNND NIRNIND 79 CeH1402 2INT (8
: VYT ONX RSN 1IN DY D/M)2NN ONN ONYIL
.DYMLN 5 DIV NYALA .N
VYN MDIOIN DN XN INRD X¥IMN IMN .2
OP-YT NMISINND DN INTH NN )

1A 201N DINIAN OININND NOIAPY OASWN DN (9

OH HO -

—_— “‘\OH OH
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GOOL

IMININ MANNN DY DMINN NN (10
H,SO, N

//\\V/OH — >
130°C

OH
OH HszzO7
—_——ae> ? A

H,S0,
-50°C

S0,Cl

QH @ base Nal
/'\/\ + — = A— =
acetone

A

PXIMANP PN NN NANND ININ NN (11

NN VI .NANN Y92 HAPIPY POV IINN NN DIV (12

_ N
P 4\~CI

0]
S )
H,O
O
b MeO- T
MeOH
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.YPA9ID) OINN ,DINNY DDND

GUUL

D91 3)7IN ON 9N D2 WHNNWND 11 .DMXAN DMININD NIOND NIV Y8N (13
DN 5 INNPN 535 37311 MIXNN DN

@{ o

(D2YNN DXTADID) .DINAN DITANDM DWDPNN NX PINY TITIWNN (14
:DANNN NYNINND NPINNIPN NINND PNINN NN

© 1§ o @ .
o s SN

: DINAD MNYO0N NN BHwN (15

: N
\>\ + Cl—S—@CHJ — A
OH Il

A + CH,CH,SNa

——> B

A
HO NaOH ~ ,  NaSCH,
\“n. —_—

B
C,H, 0 CH,,08

i

DN MY 1NN (NalOs) sodium periodate DY 4-tert-butylthiane 11820 (16
INDINT MININ NI HIND .INT NI YNNI H202 DY G0N DNNDINY
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9 P9

DNVPY DIPNTON

GOOL

DNV DTNT?2X

YNV

:MNIN MANNNOIN P I (1
0 N
CF,COH

+

H

CF.COH

0
CH,CO,H
H H

IMIROPMIPINN JOPMIPIN DAPD IWAR TS (2

@
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2919 DNVPY DIPNTON

GOOL

: DYNAN DXIIND DY MNIPOPIN-NT YNID ININ MYV ORI (3
Br

N
/J\ATH
0
0
| a
‘ EN
P
WH 2
OH O
0
0
MM9TYNA YAPN DN DY D IWONRD OXININA DAN ,NNIN NANNT (4

@

+ HCLi ——

STINAD MANNN I VPP I (5
H+ N

propanal + dimethylamine

H
N H*
+

O
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9 P9

DNVPY DIPNTON

GOOL

:INAN DANNY I VSN (6

N /
O O H N——N

M + H,NNHMe M

INININ NPXPROINOINN ON D (7

(1) PPh,

I ——» A ————— B

(2) n-BuLi

A-1 C-) B DMWN DMININD MY NYAPY DMIYWN NIN VIS (8

0 // B

RN

: INAD NANNN PN NN VI (9
0 0

+ H°0
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2919 DNVPY DIPNTON

G AS e

DYNNN) THPNYIVN NN (DNINVIA-YOPITN-4) PATINPVIA->ONITN -7 (10
2NYAVN MANN DX DIV OPYN MY

A DINN NN INND NH2APY DMIOWN NN VIS (11

9 OH

: DYNAN DMINA AWNNNA CsHzO 1IND Man ysn (13

DY 2PN NANN NN XD TN PN OY NN CsHgO NdDIN N
RvlplioBakbYal

,CsH100 1IN H2pNN 7VHVP NMINDNA MNP 122D DIV INND .2
.CsHg 1220N95 1°N79) N¥NINA D190 INND TN IWN

(Y20 N¥MIN NANX NPAND DIV INRD) NT PPN DY NHIMNMTIND )
.OCH(CH?2)3CHO 71n7onT1 Yapnn

.N2NNN 95 NX 120N

: DYIVIAND DIDNNM MIN NX DIV (14

O O
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2919 DNVPY DIPNTON

GOOL

MINAN MANNA OMININN 0NN (15

0
| o OH- 3
H o+ A
)]
LDA A CH,CHO H,0 B
-78°C -78°C
i
_C. _CHy ————
H,C C
H2
LDA c CH,CHO H,0 D
RT i RT

: B-Y A-n N2 IINN NY2APD DMASWN NN IVID (16

O
B
r * w = h
= H -
A B

:IN2N NANND NI YN (17

@] — B
p-toluensulfonic acid,
water, CH,Cl,, 45°C
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10 P9

.1 NDN - DIV DIPPIN

GOOL

:N2VN NINDN - D2V DNP2N

YNV

INININ MIANNN OV OINNND P NN (1

H,

N\ Ni A

HZ
—> B

Lindlar

Na
f——————— C

NH,

HCI

—>D

(leq)

HCI

N — E

(2eq.)

cl,

-2 - F

(1eq.)

cl,

——-or——= G

(2eq.)

H,SO,, H,0
—_—
HgSO,

: DONIAN DINND NN DAPY TITYSN (2

M /{ .N

M\—L’_ /\) ,J

OH
> )\/ ‘)
HC=CH _—
HC=CH ~— = a» — ™~ -7
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10 P9 LM MNON - DIV DIPPON

GOOL

:B-Y A-n NaD NN NYaph 0adw ysn (3

OH

H—C=C—H + HSC—CHZBr
A B
OH meso

77252 DMNIN-IN DOVNNITN 1PPVNND 1-hexyne PIND 1NN T (4

DYVINN DININ DXNNNN DININ OXIMNN NN DIAPY TITYSN (5
£ 7292 OMINNIN-IN

— N
A‘r %NHE
NH
o |
PN
N— D
N > / 4<
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11719 MNPOITLPID

GUUL

:NAIPPINVRAD

$MMINY

.2700-2800 cm™t nnva y912 PNTONA C-H 9vwpn IR Dvpava (1
1DN D) 797X DY 1IVIDN NMNNN NN 1¥D2IN NIRN DY DN YN NNV INN

N TN NTWA 1456 Hz o1 ,CHCl3 , 09952 122070 DY DININ M TN (2
.200 MHz w5121 TMS-1n
1% 1220 DY (5) 720N VYN NN N
1IN VLOINN N NN ,600 MHz PWHNA NPWYI NN DT THN ON .2
'TMS-1 S 11D 7PONY DNDNDIN 12D DY DINTIN MPTN NN NN

'H NMR £170P9502 D98 DY9IND MND NN INT MNIN MDINN NIY (3
210N NO NN NN MDIN VONIN DT 9D DNIN 1VTD ,0NOY
(...0927,V500)

Br
(1) Pe @~ ©) ﬁA

(4) o) o) (5)
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MNPOITLPID

GUUL

95 C3HgO NMP12IP21N NNONN NOYA NIDIND DY INDNN NX NN (4

: X2 'H NMR-n ©10po0

t,3H
t,2H

I T I
11 10

HEP—-0Z-2323

795 C4HgBr2 7251110 NNDNN NOYA NDINN DV INMDND DX NNT - (5

: X2 H NMR-n 1090

s, 6H

10

HPH-00-554
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GUUL

95 CsHuBr 72PN NNONN NOYA NDIND DV INDNRD IX DM (6
: X2 'H NMR-n ©10po0

m, 9H

HSP-03-035 pprm

.CeHgO2 NN NMDN NONNIN NAIDIN DV MNP DNown (7
.PNI .DONIAN DMHIVPIDN DMINNID DINNNY NAIDINN MIAN N

3H triplet

2H triplet

2H multiplet
1H singlet P —

w
E

TRANSHITTANCE | %0

e I m I 2Ub0 HAVENUHBER-11 15m 10“00 st
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GUUL

.CeHgNO2 NN NIMDN MINININ NADIN DY MANPOIMNIN NNONN (8
: DYNIAN OMYIVPADN DINNID DIXNNY NIIDIND MIN NN

2H, singlet
6H, doublet
1H, septet
| j
I I T I T T I T T T
3 g 7 & 5 4 3 zZ 1 [u]
HSP-43-232 ppm

Loo

e o

T T T T
2000 1500 Loaa §00
HAVENURBER! -1

T
4000 3000
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S vnn Yavw2

: DONAN DMHYIVPIDN DMNIND DIRNHVY NN MIANIM (9
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12 P9 JPMINN NPOPIIP MIDIN

GOOL

NN NP2DRIAR MXNIN

YNV
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