
' ~ 

1Jflf1 8 

ft11tl1tnatJA1{usila: LLaa~lo~ua::Arvrw, 

' 0 ~ 

ft11tft1AOJ ., 

nTl"flnMTVUjfnfuelita (C=O) 'lJEl~Uelaii'ltr.fLLR:fi1'Ylu ""lifl1fUElita-nEl~LLEla~n.n.f 
~ ~ 

e1citla1tJ 1'1i R1U-nel~f'l1'Yluelcirnulu1'1i ""lifl1fuElitcutJuti1u-nEl~ 1fl1~~i'1~~'Vi1JL u~T'l""" a1 tJ 
~ ~ ~ ' ' 

tl l A f'l ~-~ .. "" ..1 A "" '1 1 "" .,1.,. .., A 1:L11'Yl 'Vi1J3J1n 'Ulr113J1f1~ Lu'U""3Jn~n!f'U'YlLn~'Vi'Ulr: Llf ~1L11Un1J~'l'Yl3J'Vi'Ulr:: 0-H ""1El 
~ 

'1 t; •'1 .. ·1 A .. ; A A '1 •• 1 I ..r 1 Iii N-H ,L~ UCla~ LlJ~LLa::fl 'Yl'UlJ1~1fU~a:a1tJ-...1 LLa::U1~1f'U~~~ Lrt~1tJ lJ'YlUna11tl~n11 

L~tJn~El R3JUll'Yl1~n1tJ111'Vi n11L~~tJ3JLLElatlLlJ.fLLa::f'l1'YlU111n~1ti1:L1l'Yl~1~ '] R3J1J~Lfl~ 
-n El~ LLElaii'lu.fua:f11.,u 1~ u L~ 'Vi1:tl~ffitJ1n11LtilJti1 uit 1fla1El 'l y.jtf~""~f11fu e1ita tl~n1u1 
~f11fu e1ut'h LL"" 1-i~ LLEJ Rrh tl~ffiu1~1J Elnfl11lJLLfln~1~1:""11~ LLEla~i"1u.fLLfl::f'l1 'Ylu Lilu~u 

.. '1-- ... ..r t; ..... 

UJEl L~flnM11J'YlL1tJ'UlJ'Yl'ULLa1UnffnM1fl11-;J:ft'llJ1'ltl 

1. uEJnfl113JLL~n~1~trn~m:""lifl1fuelita luuelati'lu.fua:f11'Ylu ua::~1tl1:n EJu~u ~ 5jfl1f 
~ 

uEJita l '"""liVt~n~u 'l~ 
~ 

2. EJWU1tJR111'Vi,f1l ULLEJa&i'lntiLLa:f11'Ylu 1:u~ittt-nEJ~LL'l~1:""11~ 111Lana EJWU1 tt~a-nEJ~LL'l~ 
' ~ ~ 

~ EJ~1IUi'Yl1~n1 u111Vi Lrnuu L fi uu~11u~.,,~n1 u111'Vinu cn,-ti,.:Ln'Yl ~'" l~ 
3. L~un~EJ uEJa&i'1u.fLLa:f11.,u~13J'l::uu L ;j uu~~,.1 fl'l~ wi'1~-;nn~e1 ~,. n1m ~ ~""liVJ~n~u 

~ ~ 

111nn11 1 -niltt itta1~Ufl1111thfl'ru-nEJ~""liVJ~n~u'l~ ., ~ 

4. L ;j tJUtl~ffitJ1n11L~7tJ3JLLEla~LlJ.fLLa::f11'YlU LL~fl~ ft'l'lti1::J1 EllJ~Li n1U1 tJ ~~fl ~a LLa:/ 

""1ElR1111:-nEJ~tl~fi1tJ1L~ 

5. '4i1LL unti1::L11'Yltl~n;t11~Ln~nlJ LLEJa~Ltr.fLLa::f11'YlU fi1U1 tt~i9l ~fl~L~ Ltl1ttu L fl tllJ 

fl11111EJ~'l1l un11L ~3Jit1fla1El l y.jtfL -N1~""lifl1fuEJita l~ 
~ 

6. U1tl~ffitJ1LtltiL~7tJ11~1ti1:L11'Yl~UL~ 
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~ ... iJ ~-~ .. .., 0 .., 'I ... .., I" ·1 iJ I .. I 

A111Jil\Ut L U'V\lll''h'ln11UWlfiW 'YilJL ULLEl~fl Llffl, fl 'YIU'" US:L UW1U'V\U'I'I1.1El'I'I'V\11 
'U ., 'U 

-~ I".., I" AA ._, I" I" I .. ... ... .., I" .. .., 
n'l'ln11U1.1 El'l'ln'lflfi111J El n'lf~n LL~: ElU 'YiUlr fl1'ltJ ElU1.1 El'I'I'V\11fl1'ltJ ElU.S1.1El'l'l LLElSfl Llffl Ln1'1'1'YiU1r: 

• - 'U 

nultr 1fi1L~u 1 a:t1a11 ~'l'larlllls1li11Ji W1U1.1£l'l'lfl1 nuL ~£1117:'V\11'1'1f1Tfu auwa'l'leJ:fl Elll 'V\aj 
'U • 'U 

Vt'l'lniu vf'l'lwEl'l'l~'l'lfl1'1'1nu LL1i:fi1'1'1nu'V\ajf11fu aits~iil un'lflfl1fu an~in LLs: au ~ufnn1f~fl 
'U ' • • 

.., 0 ._, I I" ... • A .J! 'I .. .., I ... ~ A ... 

sn~m:tnflru1.1 El'I'I'V\11fl11tJ£lUSfl a e:tl a11 a an'lJL ';JU n1 L 'V\'ViU1r:fl1.1 El'l'l C=O 111.11 a an'lJL';JUll 
., 'U 'U 

~ I" ... ~ · A A ... ...... iJ A A I I" ... 
Wll1'Yi111StJ LLS:fi1~1J ElU11Ril1'Yi111tJ1n El Eln'lJL~U';J'I'IlJWlltJfiL ULtJRAIDft' W1Ufi111J El'U-11 

WliU~ LU'U.~ L~n 1fl1Lrhf n1L ~~W11Uii't11'1'1 Lfliii1ou.fl1~111 L -rlu Wll1'Yin1fl1.1 El'I'ILlf 1fi1L';J'U.~ 
~1u 'V\'I.L'I'I LLa srh LLs:n11L i1n1tl~n;ll11.1 El'l'l~ 1fl~1al v4 tf~'V\~fl1fu a its L ite'I'I';J1nLLas~~u~ 
LLs:f\1 nuii'V\ajfl1fu a its L -rluLilt.11nu Rll~'t11'1'1Lflih~·, ltl~'l'lfi1'1'1nu lli111n ~'l'lii1n't11'1'1Lflii~ 'U . . 

L -i'Yifl REltJfl1111 LLtlnfl1-31:'V\11'1'1tlU L~ 

uasi~Ltt~LLS:f\1 't1U'YitJ,f1LUL U1r1111111~3Jnii'V\ajft'l'lniu£1u ') Elrl~1ll 'YitJL~ U';JS~'Yi 
I 'U ~ 'U . • 

• .., I" A .., .. ... 'I A ... .., I" ... 1 I 

'Yi11 LLS:Rtl1 nSU'V\El111.1El'l'lfiEln L11LLS:'Yi11LU1r'l'l11111flli1';J1nLLElSfl LlffiLLS:fl 'YIU L11U jasmone 

(n~u11:~). citral ';J1ntl:Lfl'i, n11u1 (camphor), muscone ~1nn11'1'111:11fl 1flll,.t1Ltltn'l 
. 'U . 

1rn11111~Li~lu111Lsnslfrrs L-rlu carvone Li1uwnti7:Lil't1L't1Elf~u LiJuJ13TU'V\El111:L'V\li~'YitJLou. . -

1rn11111ii (+)-carvone L~';l1nL11~fi~11~1'Yi1ntl'V\i1 us: (-)-carvone iin~uw:7:LL'V\\L 

326 

~ 
0 

rH ¢H ~H, 
HO 

OCH3 0 CH3 
(Z)-jasmone vanillin 

~CHa 
muscone· 

0~ 
· H..;g• C-CH 

,, 3 
H2C 

(-)-carvone 
(R) 

citral ' camphor 

. ho 
HC-~ 3 ,, H 

CH2 

(+)-carvone 
.(S) 
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Dihydroxyacetone Lihuhutlme1J~an t ufl111El1ULLflfl 1t1 dt ~'ll1iliL i11;f~~~'lt 
Vl~~~LilaL'1ftuf~1~i~~an: heptan-2-ooe· ?nJlu1i'1uumu~~ nfi'"~~l2j~~1mrilfl u~:uafi,rm~ 
U11 LiJ'"ni'"~~u\ '"L '"t.ILL;j~U1~1fUfltl1U 

Zingerone W1'"t.h:n au~L~fl ua;:feu•1n;i~; acetophenone i-HY11.J1~ £lliLL~~LiJU 
~1Y11~:~1u 

0 
II 

HOCH2-c-CH20H 

1,3-dihydroxypropan-2-one 

0 

~ 
heptan-2-ol.te 

. 0. 

H3C~. 
HO)l). . . 

zingerone acetopheno"' 

Cinnamaldehyde lt1~1nL11a£lntl'wn.)~1fll 4.~liqnf.iu~ll; 2-methylu~decanal LU'"tfl'l 
i~Lfl11t~~iiniu~£l111'"J1~El11 Chane/No.5 LLft: citronellal iituJ1UUtltlfl1 1-ILil'"rt'lila . 
LLll~~ 

Vitamin K1it11Du~:a1u\ul11uu iTLuN'n\t.n;iu1 n:~~11la flann~~~, ~n11ll ~,U 
~ll '"an~1nd'rn~ lfluuuflfiL1u\ua1liLan Lilu&hutu111f\un11LL;;~~111El~LftElfl . ' 

0 

~H ~H 
. CH3 

~0 
H 

citronella I (R)-2-methylundecanal cinnamatHehyde 

0 

vitamin K1 

• !'I .I 'Ill " • • • • ,.: !'I J_ Butaned1one Lu'U11El~L~ft1'YI1tL~ll ~fl 11ft'Ll'\ft£l~ LLfttllnft\LLUU; humulone .Lu'U~'" 

~d~t'"u1~DatJ (hop re~in) LUU1JEl~L~~1iL~RB~~1ntl'unatJ \iufi~'lmJ111uLiiuf 
0 

butane-2,3-dlone 

· humulone 
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·usn·;nnd'ibr~rnJ'Vllitl1fuaUaluwLilu1aut1uai1JJu Liu uailliUL'Vffi'JnUU'lftln"'nD . w . 

T,-u (testosterone) ft11L1unna1l1Ld'a nandrolone 11ll,f~luu1tlllfl1Liltt norethynodrel 4~ 
. ' 

LU'U.fl'\t~'U.ftfl~ Trv1n1"'nD T,-u (progesterone) 

testosterone nandrolone 

:o: 

s-ao: /'sp2 

a+ II,,, . 
/c~ 

'--" . 
1200 

Carbonyl group 

II 1.23A 
c 

H<._>H 
118° 

formaldehyde 

:o: 
II 
c 

H3C<_>H 
. 1200 

acetaldehyde 

I .. .. . ~ .. ~ 

M"ft111JU"R!J8\1 LLDa• UlllLLRtw '"" 

norethynodrel 

CH2 
II 1.34 A 

. c 
H3C<_.>H 

1200 

Alkene 

:o: II. 
/c........_ 

H3C '-./ CH3 
116° 

acetone 

tl1fuau11a~'Vl~·tl1fuoUal1~uJ::iinwa,..;uc~a1•Lfallnulu Ltt1L•u..,;f)tl1fuau 
lflfl~'Vlliuaatia'Vl;oua1a. ttl'Vli'uusaillult11fuau11ntl1fuoUtuina.niu H ua::\1\liuaatia w . . w 

"";aua1a 'Vlli?f~niu11a~usaflluti'•~ l1 a s::flall LtuuuuuthuiJu ~Ho w1Ut11fuau,a~ w . . . 

'Vllitl1fuaUalutil'nurn~?7uli:Ltalln1Jtl1fuaU11B~'V\Jluaaf\a~1elLa1tnf~wa~-n,~ w ' ... . . . 
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Aldehyde: 

Ketone: 

8.3 n11'L~uni1o 

:·a··-·: 
: II : 
I c ~' 1/' f'; R~ H• ' 

1 --------· 

Ketone Aldehycte 

R1 :: UBRflR ,_,;.£1 UB1R ,_,;.£1 H. 

R1, R2 - . -= UBRfJR WT£1 UB1R 

LLOatlLlftlLLa:fil 'YI'UVIa1tJ-uitfliJfotQ.~1:~liL1r.tnn'Uli1LLfiLtl11 L-.d'U 

acetone acrolein geranlal 

1111 ..., 

8.3.1.1 1/.fJJfl~.'l/. 

- lJT;nn~OR"UJW1JEh1n1flfl1ftJDn.an lflr.tLtliu-uein~1 ic acid ·;nn~O~UJW~Eh1 

CM225 

v . v 

n1fl LU'U aldehyde L -.d-u 

0 0 0 0 

)lH ~H ~H ~ , H 
formaldehyde acetaldehyde propionaldehyde butyraldehyde valera Ide hyde 

form!I~Q~I)~Q~ 110 form~-~ 

propion!I~~~.Y~~ ';)10 pro~J9..~ 

valel'!t~~!'!Y.~~ ';)10 valerl!t!'.~ 

acet.~~~~y~~ ';)10 acetJ~.~-~!g 

buty11!J~~~.Y~! ';)10 n-buty~~-~f!~ 

~H 
~OH· 

cinnamaldehyde salicylaldehyde · 
~n ~n 

cinnamic acid salicylic acid 

n11rl1VI'Utltl1LLVIU-3liein~1n;n ·(a, ~, y, S ... ) L~11~fl1ftJoouiJ1-3titlV11i -CHO 
. ~ 

ltlfl1lla1ti'tJ 

~ 
£ Y a H 

0 

~H 
y,y-dlchloro-a-methylethanthaldehyde 
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330 

~.3.1.2 f.~:1J!1N~~Y.v.JY.e~.9. 
• T..s ... ~• f' , ... ~ f' • •llf' 

~ LlUln L-u'Mftfl ,h1llfl111JD'U.flOfl\UJ11f1~flLLft:11llfl111JD'U.~£h1'M~LLilfifl Ltffl (-CHO) 

c ~il"'M1iLLnatiltrti~r.h.lft1U l'Jt ilti1LL'M\L"~ 1 llitl'a"1::ulou~a .. . . 
£i1ou~a l'lt'MRn LtliuouanH1 e ,;'1u~tlLiJ'U. a/ 

n1ii'M1iLLf1'U.~'M1a l'liri" L;jlJ'U.tl1LL'M1-L"LLft::~o l1'MU1~0'MRrifl13Ja1i11Bn1;1 .. ' . 

0 
4 3 2 II 
CH3-CH-CH2-C-H 

tH3 
1 

3-methylbutanal 

0 0 

H~H 
pentanedial 1 

2-ethylpentanal 

2-phenylbutanedial 

H 1!· V nY4"'s 
0 

4,4-dimethylpentanal 

tl1'MliLLofttiltrtiL~Dllflfl1"LL'M1'U. l..;'ehou~o1" fl1lltl1lJ carbaldehyde fnfuoou .. 
~0"1"~ii'Mli -CHO LiJ'U.tl1LL'M\L"~ 1 .. 

0 o-.. , 
C-H ;c-b 

cyclohexanecarbaldehyde 2-methylcyclopentanecarbaldehyde 

0 
" ~C-H 

benzenecarbaldehyde 
(benzaldehyde) 

n1ii'M~Yf"niouwo"-.nfl;f'U. ~tl 'M~~ihhti'lJll1nni11::\]n L1un LU'U..,1ft"li1U LLa:: 

'M~~thti'lJ1l'auni1LiJ'U.'M~LLf1ll~LUJtlfl1~1'MU1 

Li'U. LLDlftL1'U., ij~f1S{ ..ioun::~, -OH ~a:: C--Q. thtl'lJUEIUn11LLEJfitlltrti' ~"LiJ'U. 

"M1ii4f1u~loul'li"Man tl'Mfu'Mli e=a'("lYJu) L1un oxo "M1a keto .. ' ' . .. . ' ' 

'ft 
CH3-CH-CH2-C-H 

I 
OH 

~H 
3-hydroxybutanal ~.4-dichlor0-2-methylheptanal 4-pentenal 
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I 

" ... -~ .. ~ .. .I"'- ~ I • I iJ I .I ... I 

tl1li'Vl~"~n'!f\Ul'U'Yhrlfl'}lll1nn11 'VI~ -CHO t:L U'V\~LL'Y114'Y1 L1Un'Vl~ formyl 

8.3.2 n11L;snAfnu 

8.3.2.1 tFJ.fr.l.~fJ/. 

0 . 2 0 

~OH 
3-fomrylbenzoic acid 

... I" ,. f ~ " ... A ~ ... I " " I ~ L1tJfl'Vlll L1Hfl1fl1 tJO'U'Y1~ft0~,1~L1EJ-3fl1ll"'1fltJOn~1 LLft::ttOfi1EJ ketone tl1'Vlli'Y1~ . ; . . 
wo~L'Vliia14nuuan~1u1u~1u 

0 0 
CH3CH2-C-CH2CHCH3 ~ 

CH3 ll) 
ethylcyck)p~pylketone Isobutyl ethyl ketone ethyl phenyl ketone 

divinyl ketone dlethyl ketone dlcydohexyl ketone 

iaft1Jqrna~us T1uvinfl'Tnufliiwtl1 R~H5 ltit1nn1tlfl1fuontain (RCOOH 
. . 

'Vl1o ArCOOH) LLR::fl111ti1u p_~_,.I)9J.1.! 4-3ll1t1n CeHs- 'Vl1a\1~L~uftt14l~1-3m~ 

0-o 0 R-C ~ -!J ";a Ar...:c-o 
0 

CH3-I:\-o 
0 o-8-Q ~ !J 

acetophenone 

8.3.2.2 ~F).fl1N.~Y.'d.!Y.f?~.9. 
(1) fil'Y114l'.dtiJfl 

benzophenone n-butyrophenone 

taan l1Ji\1an tiJul1Jifl1fua14tion~u,,flwt~LLR::ii"lifl1fuaUR a114io l'.d'Vlan 
' ' 11 

LLft:n.Jiu14fin~1 e ,;,uiotilu ·one 

011fl1\114f1Lft,tl1LL\1U~L~ll~nntlft1Ufltnft''Vllifl1fua\tft • 
li1ij'Vl~LL'Y114fl\11o l'.dfl-3 L;jEJ14thLL'V\U~LLft::io\1U1ta'V\Rn tl1ll"1tltJen~l / 
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propanone 

• 1-phenylpropan-2-one 
M11l 

1-phenyl-2-propanone 

~liVf-3ni-u L~14 LLtrlaL~\4, ~141f:fi,. -OH tfltl'lJ1l'ElUfl11 £iai1'MliYf-3ni14L'V\R1if 
"' "' . "' 

L iJ-u.., 1i LL 'Yl "~l "1 'li'V\ in -
"' 

lflul 

phenylethanone 1-phenyl-1-butanone 1-phenyl-2,2-dimethyl-1-propanone 

(3) cyclic ketone 

LiJ-ufl'Tnu4-3ii'Mlifnfun\taaEil-u1~'l'V\114 fnfuEJ-u~a-3'MlifnfuailaLiJ-ut'hLL'V\\L"~ 1 
. . "' . "' "' 

LLa:l~U1J114lt.I'Yl1-3~l~'V\ULL'Yl14;tl141-3iiLa~tl1LL'M1-L"\l'au '] 
"' 

a 1 a s UcH3 
Br 2 3 4 CH3 

3-isopropyl-4-methylcyclohexanone 2-brorno-4,4-dimethylcyclohexanone 

... I 4!J • 
8.3.3 n11'L1'!1nMIJUl'Dft (RCO- 'V\1£1 ArCO-) .. 
'V\li RCO- ..,;a ArCo-·tiEJ'V\li acyl n11L1un~alt1'~1nn11Lt.Jau"UanH1a"'ti1u ic 

"' "' ~1n~aW13T'lJMEl~Eifl13J1::uu~EJ"n'flfnf1Jan'Bin ·L~14 yl L1i14 

332 

0 0 0 
II II 11 

H-C- H3C-c- CH3CH2-c--

formyl 
M1u. methanoyl 

acetyl · 
M;u ethanoyl 

I 

. propanoyl 

0 o-H-
benzoyl 
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1 ~acetyl-1-cyclohexene 

\a+ _a-
. C=O 
/'-=A 

H 

\ -c=o I .. 
H 

~ 

0 =2.29 
fonnaldehyde 

H 

Ho-i-6° 
0 

3-:fonnylbenzenesulfonic acid 

~ 

0=2.5 

aldehyde 

\E& .s c-o: I .. 

R\ \ .. 
c=o 

II ·· 
Rf · 
_...._..... 
0=2.9 
ketone 

LL'l\11:'Vl11~ 1liLRnRtt~fl~LLElRtlltJtlLL9:fl1 flULih~LL 1~1:'Vl11~lfi1'Vfa 4~LL ;j~LL 1~ni1 LL 1~ . - . 

1:'Vl11~ 1liLRn9tt~El~LLEl9LflU ,f~LLElRtlltJtlLL9:fl1 flU llJLfitl~Ulr.:ltr 1fl1L~U1:'V\11~ 111LRnR • • 

~~------ &=\----- ~=\------&=\ 
... 

8.4.2 81l1Mt: '!fiLflll .. ·'!fiMIUliUM8~ 

•• 1 _. ..,.11 _. iJ ..,.11 _. • ..1 · · iJ R ..1 • " ..,.11 _. ..,.1 ..J 
nEl11119tl LtJfiL ULLElftfl LIJtlLRnflRtl L ULLuRflElm'V\IUJ'V\fl-3 LLElftfl LDfiLLR:;fl flUElU . . .. 

,t1ltJijtm1U:LUUtt~El~L'V\91 L~eLt.AU1JLfiUtJfl1Jft'11flib.l191liL9fl9Lfl1 C) nu LL9RtlltJtfua:;i) 

1 ... • ' . 11.t!lt ~ ~ • ... .. ... • ~ 
flU~:;ll~tlLfiEltl-~fi'V\9ElliL'V\91R~n11ft'11 Li.i~ttl1 L'DU LLEliLflU 'V\1ElElL fl£)1 LLI:ll~fiLtlEltlY11 . . .. . 

n11ueaneuetf 

CM225 333 



r 
8.4.3 n11ata1s141 

\'\~fl1ftJo\ta_Lllfi~\UJ:l1Jltl1L";lUntnl1ltl LLElftfll1JtfLLft:filnufls:i~1f1JElU\tEl!J·') LiU 
· . iJ " .. ... ... .r .. ,. .L .. 1 tL 11\_. ... ... ,. 1 acetaldehyde LLft: acetone L ULUElLtlU"lnUntJ-..1 LLElftfl ~IJt~LLft:fl 't1U't11 L\lJLntl~Utr: ~IJ fl1 

L";lunuJ,ltna.iLfi1LLElanoDoLf '"a:a,uJ,iotJni1LLElanoDoLf~lilfl1"rn~fla1unu 

W'lnlnnsv Bfl1ffi1.Jtm.J uu.T11utna 11nun1B11 bptc> n17R~R1llt.J1 
" ' . 

Butane /".../' 58 LL81Lfl14 0 laja::a1v 

Ethyl methyl ether /'o,... 60 iiLnef 7.6 a::a1t1 
0 

LLBR~ltrtf .. 
Propanal H~ 58 49 ttJ.nn 

Propan-2-one ~ 58 · fttonu 56.1 00 

Propan-1-ol ~OH 60 LLBRnBDB{ 97 00 

8.5.1 ft11LII;!JUt14~11ft1Mn111J 

8.5.1.1 s:fn1s~,11l Ltl'itJ'JJ lflll Wacker process ltluElan11ilfiLfuJnau tl'1u 
ElElniBL";lULUJ'1 n·;~~~~--~~~-~uCI2 Lfl~i1Li" 

H · H 

'c=d 
I \ 

+ 
H H 
ethylene · acetaldehyde 

..._ 

8.5 .. 1.2 ~;.~.l.t LiJ~a~aoultf11nn11Ltl'iuufmaattin cumene lu~tlft1\'\nnll 

(~1eUD- 6.7.1.1) 
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8.5.1.3 !J.~IJ.?.EJ.{c!.f!.IJY.c!~ Lfl;r.J2J110L1Ju'iu1t~vt.J~ffiv1 Gattermann-Koch reaction 

. ~-3Li' CO riun1fl HCI1t~v5j AICI3 Lilui1Li-3 fla1vt.J~ffiv1 Friedei-Crafts acylation 

0 
II 

~C,H 0 co. Her 
AICI,' I CuCI 

benzaldehyde 

8.5.2 LCA~oJJfttsn11'oonilt~tfuuanuao&f (~1io 6.6.·1.5) 

8.5.2.1 ,,~liVLLDafi!Dl1flvn11oon,lfld'LLoanotJoatJ~aJ1lii .......................... ... ... 

OH 0 0 
I oxidize ;,M oxidize II 

R-C-H R- -H R---C-OH 
I 
H 

1° alcohol aldehyde carboxylic acid 

n11oon'Blt~tf 1° LLoanouoaLU'ULLDfttlLDfl1flvlajrlnoon'Blfltftiol,.;'n1flfl1fuon'B 
. ... 

~n li PCC 'V\1o PDC lui1,ha:a1v~tJT1ff11nJ1 Liu CH2CI2 

.!T:ut~J~))limiJJ. 

~OH PCC 
~0 

heptan-1-ol 

~CH20H -~PCC..;...· .;..._.,. 
V C~CI2 ... 

phenylmethanol 

heptanal 

0 
II 

~C-H 

benzaldehyde 

H 

l " . ~, ... ~ . . . 
41f PCC 'V\10 PDC ft11DOn'"D fiRO'U L"D'U Cr(VI) oxide 'V\10 Na2Cr201 'V\10 K2Cr201 

L'UH2S04 
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OH 
I oxidize R-C-R1 __;_~~ 

I 
H 

:ZO alcohol 

0 
II 

R-C-R1 

ketone 
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o--< 0 
1-cyclopentylpropan-1-ol 1-cyclopentylpropan-1-one 

8.5.3 Lll1saJTtuJn1'1DDnilenf allyllc alcohol 

tl~ffiu1d\ii LntuiuLLaiinouatfyt1 'tl Lil1-lnTlEI an.,f1Rti1 u Mn02 ~~-Lfl1u1J;f1-ll ~ ~ 
l1-li1n1a:a1tJDWt11U Li'U. CH~, THF, tfuDfiSDLt1DfLLa:D:~fnu l~LLEiatl,lftl ~';af11 'Yl\l~ 
rJ~fl~i.i~\llf:fl£1 !h i'U.LfllJ . .. .. 

' I ?H /c=c-y--
H 

allyllc alcohol 

~OH 
3-phenylprop-2-en-1-ol 

o· 
' I II c=c-c-
/ 

H 

~0 
cinnamaldehyde 

8.5.4 LII;SaJft~sn1'1DDniltnfltutABft 

Lii'U.n11£lEin'i'fiR 1,2-glycol ~;.a vicinal diols ti1un1tUtvD1laf~in (periodic acid; 

HI04) ~'U.tr: C-C LLfltl~nl~~lifl1fuaila .. 

336 

R R '+' · · HI04 R-C C-R · ... 
I I 
OH OH 

H H 
R-b+b-R HI04 .. 

I I 
OH OH 

q OH 

OH 
CH3 

1-methylcyclohexane-1 ,2-dlol 

R, /R 
c 
II 
0 

R, /H 
c 
II 
0 

R, /R 
+ c 

II 
0 

ketone 

R, /H;:,-~ 
+ ft ~-

0 ~ 
aldehyde 

6-oxoheptanal 
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.. .. 'f' ..... _.... ... ... I "" 'f' f': 
8.5.5 Lfl't~&l\11nLLOftfl16LfiiJulJH1!J1H11LLfiHMHft16fitt)fi~IJUlL'Jf16 

:'1 • I""- ..1.,. .t .., ~ .., L .t :'1 • I""- .., '1 "" 
LIJ\hJL]n'UJ1fllln11Ra1U'Yh1VfU1J:'".Inli1LLa:~\Uf: ~ ~\UL1nLIJUIJL]n1tJ1ntJ 0 3 Lfl 

rar..,.tul fl1lltl1lln11'1ii1ilflu Zn lu l:i20 Man_1f1 acetic 'V\1a1ti1Sti1tJ (CH3)2S L~LLaa 
•'1 ..... 1 tl ... ""'""' .. . I ... . ... I ...... 

_ fl LDfi'V\1£Jfl 'YlU ~unun11LL'YlU'Yl'Ylfl111J01ULfla:tl1U~a~VfU1r:~ ('V\1~a 3.7.9.3) 

.. ... 1,11 1.. ""' ..... 
fl11tJElu~a~~'"1f:~'Yl Llllln11U'Y1U'Yl (=CH2) L'V\ formaldehyde 

.. ... I ""'.. ""' I .. ... •WI _r 
fl11tJ£)U~£)~~U1f:fl'Yllln11LL'Yl'\4'Yl 1 'V\11 L'V\LLElafl Ltftl ... . ... 

fl1fuau-na~~u1f:fi~iln11U'Y114~ 2 'V\11 ut'V\fil'Ylu .... ... 
i 

R I R R R 
\ I I 03 Zn,H20 \ I c_:_c .. ... C=O + O=C I I \ 

. 
' \ ~10 

R : H CH3SCH3 H I . 
I 
I ketone aldehyde 

.tr:uJ~J~!llimYJ. 

UCH3 Zn,H~ 

1-methylcyclohex-1-ene 6-oxoheptanal 

o ·o 
II II 

CH3-C-O-C-CHa ~CHO 

)!# . ' 

I Cr03 
. JJCH3 . 

Br A aceti~ anhydride 

p-bromotoluene 

CM225 

~CHO 
Br.)V 

· p-bromobenzaldehyde 

G 
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8~5.7 Lll~sa~;,1nuna ltn,TttutlfiiAt~1n11'Liat 

8.5.7.1 t'l.tii.~Uf!Jr.~7.1!.( fi1nuaaltnr~~ii~ucft'1ll~tla1u l'Ji (~1,j'a 3.8.2.5) 

tt1un1tl~ffiu1 hydroboi'ation-oxidation nuueslisue'"' (Liu disiamytborane V\1a 
I • ~11 .. ., .. 11 ., ., ~ .r ..111 I :c1 

dicyclohexylborane) fl£)lJ1LaJ£)£)£)n•n Lt1Rfl1lJ H202 LULUR Lfl enol (flfntJn11L~aJ-..1'n.L.;J.~~-~. 

LLUU111fflDWUf1Dr/) ·~Lnfl tautomerism ltiWla'iiltrtf 

terminal alkyne 

R H 
\ I 
C=C 
I \ 

H OH 
enol 

[1) sia2B~ ., . ·[CH3CH2-C=C-H ] .._ 
[2) H202, OH A 6H 

1-butyne enol 

.., ..,T: .... ., 
8.5.7.2 ~!1.1'.l!.~f1 .. r!H (\1\111£1 3.8.2.4) 

H 
I 

R-C-C-H 
I II 
H 0 

aldehyde 

H 
I 

CH3CH2-c-c-H 
I II · 
H 0 

butanal 

Luutl~ffiu1L ~li.J11fluii H~4 ua:: HgS04 Lilui1Li~ ~atJ~ffiu1LiluLLuumffleW 
afleJILti enol LilaLntl .tautomerism 1i::lV\1llnu LLaalflu~ii~UC81ll£lUU91tJ11Jil~ methyl ,.. 
ketone uaalflu~ut~~aLiluillnuth~ 'l 4unu lfl1~m~1Ja~LLaalflu 

R-c=c-R 
H-OH 

1-butyne 

R-C=C-R 
I I 
H OH 

enol 11110 vinyl alcohol 

enol 

tautomerism 
H 
I 

R-C-C-R 
·1 II 
H 0 
ketone 

butanone 

CH3CH2-c=c-CH2CH3 ~;~... [ CH3CH2-r=cr-CH2CH3]- CH3CH2-~-~-CH2CH3 
HgSO,. H OH · · H 0 

hex-3-yne hexan-3-one 
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8.5.8 Let~!J&I\l1fl"BWfiABB Z.J,( 

8.5.8.1 ·'-~lgN.~.~~~J1!t.fltlutJQfftuii~ni'U 

Lfl1u11,tiorf-3ttDiufl~n LLft;tteT7uvlnuesiYl1llflun1nil1Wti1uihEI-3 Rosenmund 

11\1El 'iW111fl1 tffll..; 
0 
II 

R-C-CI 
reduction 

0 
II 

R-C...;H 

acid chloride aldehyde 

(1 > 1J~tnfl:1.R9.!!a:tm~•.ll~.r~H9!9.n 1 Lilun1~1ibtfuDiflflfiD Y1mii'UuDHfi'Y11l ti1u 
,Dlfi1L';l'ULLft:lft~:tl1Li-3 Pd ii-iftL~Elf (S) ~1EIUVt1tJU'Ji.fltWfl (BaS04) L¥JEI~\L1-3 
n11Li-3iJ~ffill1 ,1iL~u1fu';l:,1111n,iJ';l'U,ti'Lii'ULLElftnEIDElal1Jli1Jij 

0 
II 

R-C-CI 

acid chloride 

H3:~l -y- Cl 
H3CO . 

3,4,5-trimethoxybenzoyl chloride 

H2, PdiBaS04 

R3N 

Pd 
quinolineiS 

~ 
R-C-H 

H3==tt-< 
H3CO 

3,4,5-trimethoxybenzaldehyde 

(2) lt~ulitn11tl1R L~'U DIBAH (diisobutylaluminum hydride) ~1a tri-tert-butoxy 

aluminum hydride: UAIH(O-t-Bu)3 

0 

~CI 
hexanoyl chloride 

H 
I 

CH3CHCH2-A1-CH2CHCH3 
I I 
CH3 CH3 

DIBAH 

0 
DIBAH 
ether 
-780C 

H~ ... ~H 
hexanal 

1 tl-- ... ...... • ... """" ...... -- _, _ _ .(( ~ 
lJn1EJ114 Ltt,.Elfl1ll Karl Wilhelm Rosenmund (flfl.1884-1965) -311411tJ'YlLnEJ1n1JlJ1)n1EJ114V.ll-nfl1-3 

LL1nl14 Ber. Disch. Chem. Ges., 51, 591 (1918) 
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2 RMgX + CdCI2 
et~r 

Grignarc:l dlalkyl 
reagent cadmium 

[R Lih~'M~ 1° LLtlL~ila 'M;euo;a] 

0 
II 

2 R-c-cr + R-Cd-R" 
ether ~ --· ... --~ 

~ 
2 R-C-R 

ketone 

ether .... (CH3CH2)2Cd 

~ .... 0 
II ... CH3CH-C-CH2CH3 

H20 ' CH3 

2-methylpentan-3-one 

~ ... 0 
Q-8-CH2CH3 

H20 

propiophenone 

(2) ~!'lrJ.;t!1nUR.'i.t1f.J.«~!1.{~~~;fl««~1!1.~~~!1!ft 

nsullu1'B'tul (Gilman reagent) 'V\;0 R2CuU (i1io 2.7.2.2) fl1tJ~ffitJ1n1JufJifi 

u~rtsfi,'Vlfll 'Yl'U. 

0 ooc 0 
II II 

R-C-CI + R2Culi .. R-C-R + R-Cu + LiCI 
ether 

acid chloride lithium ketone 
dlalltylcuprate 

(Gilman reagent) 

.!i:u:J!JJ~1Jlim!IJ. 
0 0 ... 

ooc ... 
II 

0C...CI + . (CH3)2CuU ·0C'CH3 ether 

cyclohexanecarbonyl chloride 1-cyclohexylethanone 

CM225 



~CI 
lsobutyryl chloride lithium diet~prate 2-methylpentan-3-one 

ca> .L.~1.~.;!~~~1nw.~.nft!n~1tJt.~!I.Q!"-1!.1.f.~~~~-~~ (~1-n' a 4.6.6) 

Lilun11LL'YI'U~tl~tJV\1JLB~R~1"LLalnuJtin lttu\1Yau~u1MJ11"n'"fl1fuan~in L-rlu 
~ . . 

UB'iflfJRB ~1~ V\'iaUB~flUBU~IJ'~fJ1ff 

0 
II 

0 
0 

AICI3 ~ ~C-R II 
+ HCI + R-C-CI 

acyl halide aryl alkyl ketone 

0 
II 

0 

0 
0 0 ~C-R + II II AICI3.., II 

+ R-C-0-C-R HO-C-R 

acid anhydride carboxylic acid 

·' " " .. ~ . . ..I ··-- ~ "" .., W11lJ1:natHU 't11R (nitrile) 'YI" R-C=N ua: Ar-C=N Tr1IJ!)fl1tJ1nUn1qt111LB 
LiUlV\'iossfun TuiLntJIJ ltl'LnftDLLllnUL4tlliV\'iaiL null Lilo\lnltJ lfl1latf~:ltl'fll 'YI'U fl11 
ltrlt11lalli1L~W11tl1:noulaV\:aun1otm1ui11"l1Ji1filnuua:W11laV\:aun'iuorlfl'1unu 

ether .. 

3+~ _ 3- a+ 

R-~-Li ether • 

,o 
R-c' 

\ 
. R1 

~ 

+ +NH4 + Mg2+ + x-

CH3CH:rCHz-MgX ether ., ~e., • o-c? 
- CH2CH2CH3 

1-phenylbutan-1-one 
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) 
CH3CH2CH2-MgBr + N=C...:CH2CH3 ether ... -H

3
-
9-t.,., CH3CH2CH2-8-CH2CH3 

tJ--- .. l ~ .. 1": 8.6 !Jfl1!11!Jth1LLtJRfl DflLLRtflLf114. · 

hexan-3-one 

,p 
CaHs-C, 

CH2CH2CH2CH3 

1-phenylpentan-1-one 

a.-carbon atom........... 101 
\ , 11 .. - - - - - - - - - · carbony group 
,~/c"-. 
--c 

I 
tJ~ffiv1n 2 tJ1:Lnn fio JJ.Dm11.1dFJ.fi~1m.F!.Htf.l~LLri tJ~mv1nun1t1 tJ~ffiv1n11 

Lilli tJ~ffiv1iini-uLLa:oon'iLt1i-u LLa:tJ~mv1~.tl1ZUP..H'-'1JH·U!~.lJ.~ft"-1 4"lti'LLrltJ~ffi'!' 
.J ...1..1 .. ..1 • ··'-1.10-3 enolate anion (L'"u'U aldol oondensation) LLft:m1LL'YI'U'YI'Yifl111J£l'U'f11LL'M'U-3LLDftn • 

:..1,__,_ .:1 I ~ .. 

, 8.7 u!Jfl1!11f1M~tl11tJtJ1f.a 

a.7.1 tlfima,nun-stt 

oenliL";l'U1.1£l-3'Vllifl1fuoitaih'11,jiLiJ-unJw£io-u ft1l111nl-MfioLftnfl1e-unun1t1fl111 ·-• . . 

ilV1111JEI"L1J1uft'LflfJ LLft:n1t1LL1J1JRIDft'lti . 
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I 

10, 
.. H 
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tJ 
• ._... ._ .. I ~ ... 

8. 7.2 !J n'tP1H11LIIIIfiMIJA11tJOMit 

:o: 
II 

/c, + x-v 

sp'l 
trigonal 

.. ~x :o-

' -c-

' y 
sp3 

tetrahedral 

• I • •• • ., • ~T 11 •• 1 ~' • 11 ., ~ tt .:CI • :'1 tt uLJn1tJ1n11Lflllfl1 ti'U.1fltt L£1 L nlUnfl Lflfh1 L 'U.ft'1111::Lu'U.n S1~'V\1El L u'U.LlJ ft' LU~:: L 'U. 
:'1 • ... ... .. I • I .. ... I .. ... • I.. 2 :'1 ' 3 

R1111::Lu'U.n'lfl Lll £) LnfiV.'U.lJ:: L 'V\ll'lufl'l~fl111J £J'U. 'YI'V\llfl111J £J'U.SLu.S ti'U.~1n sp Lu'U.LL1J1J sp 
' ~ ~ 

•• 
HO (hydroxide ion) - HOH 

•• 
•• RO (alkoxide ion) ROH ... 

H- (hydride ion, 11n LiAIH4 ~1o NaBH4) 
.. . 
NH3 

N=C (cyanide ion) 

RMgX,RU 

8.7 .2.1 tJD.fi!YJd.~rJ.Jl!1~1~rJJ!J.d1Y.U!.t! 
it1flft1£JL?hf~LL'l~'V\;aiit.J'l::,su L,ju HO-, -CN, LLS:: H- Li1'rht.J~ffit11~fl1f1J£J'U. 

11El~'V\lifl1fua\tsLtitflttfl1~ n1l~1ti'Y11~fl1fuau~'V\lifl1fuailsLt.l§uuLiJ'U.Lflf1'1~af11DU 
~ ~ ~ 

-[ 
sp3 

tetrahedral 

u:·- ,J i1 8. 7 .2.2 .. ~rl!YJ!I.t .. ll!1!tl. 

l uw1111::~ L iJun1t1 11.1,-fl au~1nn1fln1 l ~fl1fu au,. a~'V\ lifl"lfu ails ii wn1~,., t1 
~ 

aLi~nfi1£J'U.L~ll;f'U. ~~l1ti£Jn11Li1n1tl~mt11,.£J~it1flft1ElL~ft~el£J'U.'V\;~LiJuns1·~ L-rl'U. J1 

LLasnauatf ll1n4u 
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··c=o: R,,, .. ~_Q [ 
Rt'' 6+ 6- . 

R,,, •• 
"· ·c \2~H ~1 . "-.) 

R,,, •• ] :c-o-H 
,~ ... 

R1 

:Nu ___... 
Nu 

R,, I 
'·c 

R1,- 'OH 

sp2 sp2 sp2 
trigonal 

· t · u·- a ... ..J ..J .. 8. 7 .2.3 f111~.?li.Y .. 1!.1.1J. .. l1.!1!P.1H~;.J!1.!(lrJ.~rl!!17!J1:l 

sp3 
tetrahedral 

n11LtilJ~1tJit1flilal~ft'~,.uifl1fi.Jaila~a~LLaaiilufl'LLa::f1ln-u Sjf'l111J1a~l1fian11 .. 
LTltlU~MtJ1LiJ1tJUL f1 vun-u lit1~if 

LLaaillutl'i a~l 11.11nni1ill n-u 
.. ,. .. ..1 .l .. • ,. • ...~ .. LLaatl LtJflLLa::fl n-unLn::n::-uav 1a~ L11.nnn11~1n'Y11.1fl111.1Ln::n::1.11n 

l'lfflinill n-u ia~l11.11nni1fil 'n'U~Lu-ul'liLiltl 

LLaiLL~finLLaaillutl'-fit n-u ia~l1a.nnni1LLa 11LL1.1tinLLaaf\lut1-f11 n-u 

fl111.1ia~l1l-un11LntttJ~n;v,a!u1ml.i·;nnu';JitJ~Lrlu1ia~nufl111.1LLa£lfl (steric 

effects) LLa:mm'l::';J1tJfiLRnfl'la'U (electronic effects) tl1~u;L1nL~LntltJ~ffitJ1 fi~d 

..! • .. 1 111 ··' .- " .l .- ' ., l'! ., • ,.l 2 :'1 uJa'U1fla a LnflL111Ln1::'Y1fl111Ja'U11B~'M~fl111Ja'"a fl11Ua'U';J::LuRtJ'U';J1n sp Lu'U 
sp

3 ti'U'Mlia::flalnf~sa~~1'U1ta~'Mlifl1fuaitflLi1Lnan'U 1.11.1~'U1r::LRna" 'MliLLaaf1a11'U1fl .. . .. . .. 
l,., qjLLa::LLa elfl1.11nn11'M~11'"1" LRn'M1a lu lt11L ';J'U ~"uflli~n11Li1~1tJ~ffiv111 a~n 1fl il a 
l ~R' LLaaillt~tf~~ l1tiatJ~ffiv11.11nn11 
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0 
II 

H,...C,H > 

formaldehyde 

0 
II 

H,.......c,H > 
formaldehyde 

~ R,......,H > 

aldehyd~ 

> 
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~li C=O ,Eh1UD f1U11inUDRfi't~rlua::UD f1U11ilnfl'fnuLiJOU~aJti~aLanfi'HlU aLan v v 
,. ..I .!! ~ f . • . .t,.., iJ ~ .-

fl'l'el'U~~Lflael'U';l1n1~L1J'U•D'U111!J~fl1 ueu~a~~ll C=O 111 ~tl1111L ouu1n'Ylfl11Uauatla~ 
v 

it1flilal~sL-i1n1tl~ffiv1v1n;fu uef1uuinues~t~rmLa::uef,.uvinfl'fnu~~l1tiatl~ffiv1 
'\l'a vn11~1nueiu vJin 

e r····· .......... ~ .. :·~e .................................... l, 
·~ R ·~ R 15 R i .9'c"R i 
• •• ~c--. ···ec" .. 'c" i : I 

6- 6-Cr-- I*O •• ncehy~swaJ 
~ ;. ................................................................ .: 

., _,__ tl-- - ~ . .. ,.. . !'I ... ~ I .. 

. 8.7.2.4 .'!!1Jtm;.ylJD.1.QJ. lJn1V1n11Lflli'Yl~~fl111Je)Ua U1J~LlJUn11Lfl1J'Yl~~fl11 

uaitauuuunti ua::tl~ffiv1n11Liill~fl111tl1Vn1~ifl 
t.J_,"" ,_ ... I ~ ' ... tJ ,_ 
.. ~.Q~~J.Q1~~!l~.!J"-VflJ1Y~.lt!'.~YP. ... !I.!J 

' 

... tl-- ~ ,.. .. I .. ~ tl~ 2 !'I 3 tl 
~~a lJn1V1'Y1Lwnv1 fl11tJaou~a~~~fl11tJa-...aL avu-;nn sp LlJ'U sp LLa::J 'Yl'l'~ 

LUULLlJlJLflfl'l'::Ufl'l'el'U 
. " 

(1 > JJ~m-~.1.011.~~-YlJJ 

Lilutl~ffitnttJitfl'Y11ounau louw~1::LiJuna1~Lnfli1n11Li1aiin1t~~1aLuwLiloufi1Li~ 
~11 ...... If . .. • • ~ .. ... ., 

~a'Yl LfiL'l'Vn.~~t~!.~ (hydrate) ~1a germinal diol (~~ OH 2 ~~ 'Ylfi111Jel'Uel::tla11LfiV1nou) 
tl-- .k ., • ... ·' .. ... wufla lJn1V1,unu~1Ja::flallwa~,,~~a~~ ... fl11tJaoua 

~ v v 

CM225 

:o: 
II .......-c, + H20 

sp2 
trigonal 

. •• .JH :o' 
I -c-
' OH · 

sp3 
tetrahedral 

~ala::flell,ou1tll~q)wa~i,~,a~~lifl1fuaitarhl\ftl~ffiv1Lntlv1n 
v v ' 

~llti~aLanfl1au~lnanu~lifl1fuaitai1vl\ft11iffiv1Lnt~~1v v v w 

(0.1%) 

.,....H 
0 
I 

H-C-H 
I 

OH 

formaldehyde hydrate 
(99.9%) 
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~ c 
H C....- 'CH . 3 3 

(99.9%) acetone hydrate 
(0.1%) 

I (2) !!~m.~:J.U11.~~-~"f.!!I.Q~!-l!J.~ (n1tLnfl acetal LLR:: hemiacetal) 

LfhnJ~mtl11::~1,~uss~t,.r~1a~fnu~LL~~ nuueaneued' m1LthJLLeanetmtf 1 

l11LL~nR ~~1imfueitR1JEl~UBRfi'Jl1/~1eft'fnu lfllllJn1fi~LL~~ (L'Ji'U. LLnCf HCI ~1en1fl-iRYJ1;n . .. 
Lilliu) ~'teL1JRLiluti1Li~ l~&,iis:fn1s (hemiacetal) Lilen1tl~mu1n1JLL£1Rneuetfon 1 

lliLRflR l~s:ifi1R (acetal) 

:o: 
II .,.......c, 

aldehyde 
"~o ketone 

+ R-0-H ~====~ 

.. ,....H 
I? 

-c-
1 
OR 

hemiacetal 

R-0-H 
:o ..... H 

I -c-
1 
OR 

acetal 

l.'l.~Jl~!.JJ.1ft LiJ'Ul11LRflR~iJ'M~ -OH LLR: -OR ('M1e -OAr) m~,;'ucn1Jfl1f1Je'U 
.. ... "., ... ..., .l .. .. ..,, ... .,T. ··-- . e:tlel1Lflll1nu Lfl~1nn11Lfl~LLDRnetreR'n'M~fl111JElllR1Je~.ussfl 1llfl~1ElfJ ,,.,u lJl)n1tl1 

LiJULL1J1J't11Unft1JL 'Jt'ULtlll1n1Jn11L ~a.nf'1 

,,Ds:ft71RfiLiJul1JtLiJtlla.iumll1 1rtlfiLiJu1~ (cyclic hemiacetal) ~iJ1JU1fl1~ 5 -~1e 
a e::t1e11 £Jum t11111~111nn11 (L'Ji'U lfl1~m~uuu1~iJne~ususu'llnfJ1 J,l) 

~ OH 

~H- Co 
. cyclic hemiacetal 

11;.~'11! ~111uil~e"t,;'uf geminal diether 11e~usal!rrlua::ft'fnu 4~il~~aLftef 2 
~li (-OR ~1e -OAr) Ln1:~fl1ftJe'Ue:tl011Lflll1n'U Ln~VJn&rriie:fn,anuLLoaneued'LileiJ .. 
n1tuiJui1L i-31.1~mt11. ~.\0!1:'\~ . .:.0:t1;.flJ.j_~yJ!D~ti'1ll LLR::tJ~mU1LiJU1filtl'rl1'UnfttJ 

.fL1f.!.dJ~~jjjjj_~J. 

o-~ 
benzaldehyde 

'346 

(X1)~H50H 

dryHCI(gas) o- fCzHs 
c~ 
OC~s 

benzaldehyd8 dlethyl acetal 
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(xs) CH30HI dry HCI 

OCH3 

C)-ocH3 
cyclohexanone 
dimethyl acetal 

(3) l!~m.~:J.TI11.~~-;!l~T.~1.~!H.l!:m.7Y.!f (Addition of hydrogen cyanide 
2

) 

iJ 
A _, I .. .. ..... .. • ·1 _,,.. I l .. ., t ., A 

L Un11LfllJ HCN 'YI'MlJfl111J£1URttJEh1U£1Rfl LlJfi'M1£1fl 'YIU'YI LlJLn:n: 'M '!fll1'U U'lf11U .. . ..................... . 
(cyanohydrin) ~~ii'M~ -OH LLR: -CN rn~~Utr:rl1Jfl1fuaua:fl£1lJLtltJ1rlU 

0 
II 

.,.........c........_ + H-C:N 

aldehyde 
";u ketone 

..,...H 
? -c-· 
I 
c:N 

cyanohydrin 

HCN LiJun1tuiau (pKa - 9) 1-3lY~1!1'tntu,1sssu\tau 11~mu1Lrlflltl'L;1L~al-H 
. l ..I .:. - ~ • - ......... -- .. NaCN 'V\1£1 KCN UL1Jft' L~£1L~1J CN ~l1nUU1-3LfllJn1fiL~£1L'MlJl)n1t11m.l\!1nl. 

.!i.1~~J~t1lim!IJ. 
0 OH 
II I 
C + HCN -----~ .. ~ H-C-CH2CH3 

H..,... 'CH2CH3 6:N 

+ NaCN 
HCI ... 

2-hydroxybutanenitrile 

HON 
1-hydroxycyclohexane 

carbo nitrile 

t!fmfutrrf11u ilu1:lu-,1! L..,Tl:'M~ ~N ~nL11RuuLilu -COOH "M1a -CH2NH2 lflu 

m1trrr,,ians:n111iiB L1tU 
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HCN .. 

HO H I 

,..--.--""""--• ~CH2NH2 
' HO H 2)H20 . v 
~ 2-amino-1-phenylethanol 0 CN . 

.& ~ HOH 
2-hydroxy-2-phenyl · d" 

acetonitrile H30+ _ ·
1 
~ · COOH 

fl11~tfou ,...,. 

R 

2-hydroxy-2-phenyl 
a~tic acid 

'M 
o' 

,.....c, ~- ~+ 

+ R-M 
I -c-
1 

I aldehyde 
~;o ketone 

R 

o- +MgBr 

+ o-MgBr - H-~-o 
H 

OH 
H-t_/"1 

I ~ . 
H 

1J.fi.~~:J.~1~~~~-fl~1~.fi.1.'-0J~J.!!l (Addition-elimination reaction) 

tJ~ffirnnL4llil\ 'V\a~Ltlofihil EJfl~fl1f1J o~-n o~'V\ 1lt11fu oitft LU~ sp 
3 fi ou1ijn11-nifl 

'I 'II -

ft11lliLftJlftLftn ') LLft:ltlW11U1::no1J~Lt,nEJ1 

(5) JJ~m.~.'.l.nlJ».~~I~!R.~J~.~.::!l.;Y.H,)l~tJ~ , 
LLBJJfJllUt.J LLft::s.:iiut.IJlllJii _LiJ~fl1flalol~RLi1YhtJ~ffifJ1~fl1f1Jo~-nD~'V\~fl1f 

uo\tft\~Rll11::~LiJ~n1flLftnUDEJ (pH - 4~5) \~fl1fUUB&9B:iiu (carbinolamine; ij-.,1}· -OH 
'II 

LLft:'V\~B:VU~fl1f1JD~O::fl03JLtlEJ1rl~) flD.lJ1ijn11-niflJ1 l~D't~~f~ij~~C~ C=N L1EJn 
Biiu (imine) -.,;o iWUJtt' (Schiff base

3
) 

3 \tliot~111unLfliiuio117'4 Hugo Schiff (flfl.1834--1915) mh1~ni\\;Uniuc~ C=N ltlnl'4t"'L~um~ 
lium:nufl1ruau (btL ~\rrltm•u> fnh t\tLi~lun,...;'uisiiuflU.ntrJ . · 
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0 H II \ addition 
......... c, + :N-R 

I 
H 

aldehyde 
,..;o ketone 

cyclohexanone isobutylamine 

acetaldehyde aniline 

\ .. 
C=O + H2N-G 

I 
aldehyde 

,..;o ketone 

cyclohexanone 

Q 
,c=o + ~-NH-Q 

H3C 
acetophenone 

CM225 

0-H 
I elimination "--c/ -c- + 
I II 

HN,R N,R 

carbinolamine imine 

---~ .. ~ ONcH.cH(CH:!l• 

N-cyclohexylldeneisobutylamine 

~ 
N~ 

. II 

H c,.....c,H 
3 . 

N-ethylidenebenzenamlne 

~OH +H~ 
cyclohexanone oxime 

Q 
,C=N-NH-o 

H3C 
acetophenone 

phenylhydrazone 

H20 
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0 
II 

CH3C(CH2)9CH3 + 

dodecan-2-one 

0 
II 

H2N-NH-C-NH2 

semicarbaaide 

'N 

0 
II 

/NH-C-NH2 

H+ . II 
____. CH3-C(CH2)9CH3 

dodecan-2-one 
semicarbazone 

.a ~ .. t ... ..1 :rt - ~t , .. t .... ...1 -·-- ~ •11 .. • •t CA111"fl 8.3 El\l'Vi\l1MJEl-3LLEl11 11L\ltJ'nLu\l\l1fltt El -na 'Jf-3Tt1ul)01'tJ101JLLElatl Ltftl'V\1'Elfl 'n\l 
• I 

~ . 
f1'JEJtJ1.J 

hydroxylamine oxime t=N-OH 
hydrazine hyd~9.Q~ 

phenylhydrazine phenyl.~y~~9.1)! t=N-NH-o 
2,4-dinitrophenyl- 2,4-dinitrophenyl-

. hydrazln'e hY.~~Q!!~ 

semicarbazlde semicarb~gn~ 

• ~ --r 
iltn\l VfltflEJfl. , VflMREJJJtMR7'!/EJ.JEJUtvU1f C) . . . 

'tc> oxime 2 . .f..dinitopheny/hydrazone semicarbazone 

acetophenone 202 60 240 199 

· 2-methylacetoph~none 214 61 159 205 

3-methylacetophenone 220 55 207 198 

propiophenone 220 54- 191 174 

· 1-phenyl-2-propanone 216 70 ~156 200 

(7) 1-!~D.t~J.UY.EJ.;Y.HYJ~f.l!J~. 

'e 

"""" .. • •r: ... _. ~ T . ... .. ...! I ··' ...! tl ... - ... . UDRfl 'lffi'V\10fHflU'Y11JO:tl01JI.tfl.tn'L~'"'Ylfl111JO\b11LL'V\14~UDRn1 111 ~n1tJ1n1JEl: 

ii'"'JflUZJD (secogdary amine, R2NH) l~SuD:iiu (enamine = ene +amine) ltl' 
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:o: II . 
l,......c...... + 

-.:-C ' 
I 
H 

aldehyde 
,.;o ketone 

R 
\ 

IN-R 
I 

H 

/j 1CH2CH3 · 
CH3CH2CH2-c, + H-N, . ' 

H CH2CH3. 
butyraldehyde diethylamine 

cyclopentanone pyrrolldine 

(8) M~Jit~J .. W.!n~g 4 
(Wittig reaction) 

enamnie 

(enamine) 

(enamlne) 

LUUtl~ffitJ1~a~n.~.~~ (ylide) ,.,;a Wittig reagent nil,.,~ C=O ,a~ues~t,.,J,.,1afr 

Tnu ~~LtlitJul~Ltlu C=C ~~l-1Lfl1tJliLLaafiulfltJft1ll11nn1,.,Ufltt1LL,.,1-l~~'"m:fi'ti . 

\=o 
I 
aldehyde 

,.;o ketone 

+ 

R1 
$ e /_ 

(CeHs)3P-C~ 

R2 
phosphorus yllde 
(phosphorane) 

.. 

triphenylphosphine 
oxide 

.. .. :'1 ,. .I :'1 ... .. ~ ... t) .... .... . 1 .1 ... 
f!!1."-~ (ylide) LIJ'ULlJLafla'YlLuUna'l~ a.tfl111JaU'lJ~ll 1::,aua~tltlnULrJL na 1a::tlaa.tna.t 

t11::,u1n ufia::a::tlallijoLanfl1auLilultlfl1iln£JDDnLfl~ Wittig reagent Lfl1ull~1n ~f11tWila 

Wemu (triphenylphosphine) ua::uaatiauulatf L~u tvnaLLD~al uaailautrlatftiJa.tlJD ,.,1El 
YlfltJllij ,fufiall1fl1tJ~ffitJ1rl1JL1JRLLri L~U eefunfuitntJV (Buli), NaH ,.,;a NaNH2 

• .. I 

. ~H 
/ ,,I~ 

(CeHshP: + H-C-X ___.,.. 

A 
triphenylphosphine 1 ° alkyl halide 

x- H 
$ I 

(CeHshP_;.C-H 
I 
R 

phosphonium halide 

4 
Geotg Wittig (flfl. 1897- 1987) t.J~ffirn Wittig vnJLila 1954 fi1~ltiiiJn-31at~Luaft"'rJJ1LflmuiJ fl. fl. 

. ... nJ .. ..... t -!'. ... .f'. - ..... 1979 (nlJn1J Herbert C. Brown) 11nm-m1J«1 1:Lilfl ylide 'Jf-3lhJ1: tl-u14n11W-3LflTl::V\«11El~'Y11tl • 
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• 

DMSO ~ 

cyclohexanone phosphorus ytide 

butyraldehyde · phosphoru~ yllde 

............ ~ ~ 
8.7.3 u!Jn"SII1BDn'DLfttf" 

8.7.3.1 n11BBnitfJBUBB~tlltf ..................... ,. ............... . 

Hi 
E9 e I 

(CeHs)3P-C\ 

R 
phosphorus ylide 

methylenecyclohexane 

1fHCH3 
CH3CH2CH2-c, 

H 
hex-2-ene 

LLoatilt~tl'£1 H ~ilfltl1Jfnfuou~o-3'Vl~fl1fuoUa ~noonlilflaJ1uni1filnulnn tf1tJ 
fi1aonlilfllf'Vla1 u-uilfll~n1flfl1fuonljin fll nu llis:llu lfl1L-;Juo:tlalld'~-3llinnoonlilfla . w . . . 

&r11DDnliltlft'LtfLLri 

0 

R,.....B,H 

aldehyde 

oxidize .., ft 
R....,C,OH 

carboxylic acid 

fi1oon'Bltltffloou LttiU AfihO LL•:ft11a:muneB,BUB (Tollens reagent
5

) 4-3LUU 
111R:MtJL'i.3-lou~o-3L1wa:LLo~lliLUulwiJB LUJlllooou~o-3 Ag(NH3b • 

ti1oonlilflMILL1-3 11iu' KMn04, KPA. ~ .. LLa: RC03H (peroxycarboxylic 

acid) 

.ti1tJ!JJ~!Ilim.rJJ. 

~ ~ 0C'H THF~., 0C'OH 
5 

\tftett1ll Bemhatd To/lens (flfl. 1841-191$) f(1Wtl11.11'd'm~LfliiYl1LUS1'J~ rle.f-3i'nU1RULflii 

011'LO'I!tfi1'LL;\~ GOttingen \~iJ~ 18~3 f~iifeL-IJ-3111fl~fl,f~ ~1~,.8-I~Sit&ltU#W1ou\'MqJfiLflU1n1J 
fl1ittJl11Lfl1'fiL1'11;f~,r1-3d' 1'1JJ'n-3MTWU811llt11JjfJSit&ltUI 

352 . CM225 



Na2Cr20 7 

dil. H2S04 

0 
II 

CH3-yH-:-C-OH 
CH3 

n11flflwau,eh1nDstsullnLaL1uti'~Sjlaaen.~ Ag(NHak • LiJufi'1aanlilfiLfv\~LLEl~il .. 
LlJtlLl~IUf11fUDnitB'lLLDU!DDDU (-COO~) ua:: Ag+ tu Ag(NH3k+ nn1ti1WLiJula'V\::L~U .. . 

0 A A ... .. ... A ... .,f, ' 
(Ag ) LflaEJtJ~1fi1ULUV\aEJflflflaEJ'I1fla1Un1:1nL'I11 1'11L1tJnn11flfiREl1JU11 Silver mirror test 

fi1nu~1lt.Jlajt~~an11flfiWEltJd unL1u a-hydroxy ketones 

0 
II 

R.,......C,H 

aldehyde 

0 
II 
C + Ag 

R.,...... 'OH 

carboxylic acid silver mirror 

a. 1 .3.2 JJiffitJ.? .. ~~tJ.Y.tJ.r::.V.i!!!9.!r:.9.~{r!.t!t1Qn.
6 

• 1... ...... ..r •T ~, !11 ... ... . ,. ~ A ., T .. 
ul)filtJ1Ufl L flU~naan~ fiR Lfl.fl7Un1'fiUYD1DDn-B (RC03H) V\1El ''"f11LiULWD1 

., ~. ... .. ... iJ •'I .. 11 ... .. ...... 
DDn ''lff)LV\LElRLflEll (tl1L ULLElaft Lllft1:LfiMflfn11JElfiiJfan) 

0 0 0 0 
II II · oxidation · II II 

R.,......C,R1 + . c C R. + c 
R ......... 'o""0 'H · R ........ 'o' 1 R.,...... 'OH 2 . 

kef one peroxy acid carboxylic acid carboxylic acid 

... , ... 0 0 0 
H (uoafl Dtl) > 3 alkyl > cyclohexyl > 2 alkyl, aryl > 1 alkyl > CH3 

OH 
I 
c R{' ~0 

8 -·-- ~- ... ... ... ~...... ... ... ~,~ ... t •t iJ IJI)01V1'ULtlnJ'!fOfl111'UOLfl11fl1111'0Ufth1,-,1LV01lJ'U fl t~nJ11-31Et 'ULlJEttniJJ1Lfl11 'U 1905 Adolfvon 
Baeyer (flff.1835-1917) ua::unLflij~Li1-uftM-U Victor Vi/1/ger (flff.1868-1934) lun11D£Jnli,fll menthone 
(A. Baeyer, V.Villiger, Ber. Dtsch.Chem. Ges. 1899, 32, 3625) 
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.!T.1fJ.dJ~!ijjfil~J. 

H3c-g-Q + 
0 0 
II II -o R-C-0-0H ___... H3C-C-O ~ !J 

acetophenone · phenyl acetate 

<)=o C>=o 
0 

eyclobutanone 2-oxotetrahydrofuran 

8.7.4 tlfjms11ini,.. 
..... ..r/1 ., .. .., ., 

8.7.4.1 !11.1!fl.?.'!r! .. HH.f!.ftOI!.'!.f1.ft (\I\1~El 6.5.4.1) 

uaat1lutf~n;il,LfL\fLLaanauaa~\t~tlJli1Jii ua::ftl,~\\tuaanari£n{flilU1Jii lfltJl-6 
lultl1L~14ua::la\l\::tl'1Li~ \l\1afaM:1rr1fl,-tf L'li14 iL~vve:eDuu1rr1fl,-l.(LiAIH4) utt::l'lfL~vv 
JJEJ f,-1rr1fl1tl_(NaBH4) LiJ14tl1;il·nf 

354 I 

R 

b=o 
I 

H 
aldehyde 

ketone 

+ 

eyclohex&none 

C)=o + LWH. 

[H) 

[H) 

pt 

250C, 2atm 

CH3CHzOH .. 
. H:zO 

R 

?H-OH 
H 

1° alCohol 

~fH-OH 
R1 

2°alcohol 

eyclohexanol 

OH 
I 

H3CO'O'CH2 
. I 

b 

3-rnethoxybenzyl alcohol 

ettter .. HaC+ 
.C)<~ .. 

~eTHF. 
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-- .. m n t .. ... ., 8. 7 .4.2 !J.!.1J!J.?.crr! .. M .. 1! .• fl!t!1W.!!.H (\'\11JJO 2. 7 .3) 

LUUn1ntbtfA L·o, oon'BL~UIJJO"\'\lifnfu ott~ ElOn (deoxygenation) ltlltr1 tl1f11fu ou .. 
0 
II ,......c, 

aldehyde 
,.;a ketone 

[H) 
H H 
\I .,......c ........ 

(1) 1Jnft'-~J .. 9.1!.1I'.f!l!l.Q~~n.~r.~fi.t:~g!Qn Lfifl \ \u~rn:~LUUn'lflLLri \,Y zinc amalgam 

\un1fl HCI L-illiU 

Zn(Hg) .. 
HCI 

H H 
\I 

....... c ........ 

(2) JJ~m.rJ.1.)~9fff:JSi.~hn~r..r~~21!9.n Liitt\utun1:Luwurl \itFiflnfu\u KOH \u 
fi1fh~:~1U,fiLfiOfi\T" L~U 'DnSutnRflDR 

0 
II ,......c, + 

aldehyde 
,.;a ketone 

KOH 
ethylene glycol 

190-2oo ·c 

H H 
\I 

....... c ........ 

8.7.5 tlijins1 Cannlzzaro
7 

(Cannizzaro reaction) 

LilutJ~ffiu1~LnttnuLLo~illtrt12111LR~~ ~lliil a.-H tJ~mu1Lntl\uth"L-ill-iu Lilu 
n1100n-ilttRLL~:;ti1tflttufi1Ul" lttULLORflltrti11JLRn~\'\;1"nn;ti1ftL~UDRnDllDS LL~:an " .. 
lliLRnRnnoon-ilflil~tJ1flfJ1runnfin · 

" .. 

cone. NaOH 

sodium benzoate benzYl alcohol 
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0 0 
" 11 cone. Na()H 

H-C-H + H-C-H 
0 
II H-e-a-Na• 

. ~H 
0

2
N)l_) . 

4-nitrobenzaldehyde 

H20 
A 

sodium formate 

sodium 4-nitrobenzojlte 

OH 
I 

+ H-C-H . I 

H 
methanol 

(4-nitrophenyl)methanol 

8.8 tJfin;s1flfl1.ftJil'-'tl1LLM14"LLUfl~1 
.. ..l.. .., I .. ... !"I ,. ~ • ..1 \1j 1 ... 

t111U8UflflflnU'M~fl111JD\UUu~ f!!l1YllHY!.?.'.'-~~-Y.'l.ll~!Y.?. (a.-C) LLtit: LlJ. tl1L';l\L'JJ-3 

· Ln1:~t11fuowtltio a.-H tJ~ffim~ti1LL'MlL"ltLnfl~hu1fl1'11ri1"LLUU enol 'M1a enolate anion 
~ .., t1---nun1JR1111:1JO" ~nnn 

:oc 
II 

'-...a/c, 
/c R 

~ •----1 a-H f 

8.8.1 ftll1Yfn'Stt!JD\1 1aTtt1LVHtl1",.,.WuoaW1 

a.-H Luun1fleiau L~D1Lt1n~1';1:l~fJ1fuvu teBBu L;un ~.rJ9J~~~..i9D iin11n1:;nv 

t.h:';laU1flttn11l1f'lfuuu'lf n1L1-fLwritt1111VH~3J;fu 0."'-H ~-3LUUn1fiLLTin11UDRlflU UDRRU • 
ua:uDRtfn( LLfieiaun11 H 11D~UDflnDIIBRLPn1fatt -

----. --- B-H 

enolate ion 

8 .• 8.2 Afn-BHEJR noTnLIID;i., (Keto·Enol Tautomeri$m) 

~Tn-DUBfl nB TnuJB14v LUURllfltittl1"Lflih:~11~lo 1'1fuJaf,-itfl1fl1~Ri'1~ 2 .uuu . ' . 

L;ttnnD fnuJof (tautomer) tio LLuufl'fnii~~~1fuo\la LLa:LL1J1JDUDfl (enol = ene + ol) 

1 . " ~ ' .., ..l.,t ' 1· I ..lttt ._ !"I ...t ' · .., 11 ... 
fl1-3R11-3fl~REI-3fl1~nl-Lfl'I11LL'MU-3 u1flOU'YhtJR11UfiLu~n1fl LLa:.,t1LL'MU-31J0-3 .... Ulf: L~ 'JJ~ 

LtJattounaultJ111lti£fltJiin1fi'M1aLURLUUtl1L~~ LhUL'MqjD~LUltJfl'fti ~~o~;i1niiLRtlll1111~ 
a.nnn11LL1JUDU!1fl ~R3Jfltit~~SjLL1JUflfrl111ntl11 . . ' 
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-
keto tautomer enol tautomer 

) 

iJ ... , t . ..1 ...t .I •• 1 -~ .. • .,.l ., • L un11Ufi'Uf1· ll tl1L~'Ufl•a1LL'VIM~UDftn11.1D~UDfttl Llltl'VI1Dfl f1Utl1U Cl2, Br2 'VI1EJ 
A!'! • iJ ~ I ,., • 

12 LliD~n1fl'VI1EJL1Jft'L 'Ufi1L1~ 'VI a-halo aldehyde 'VI1D a-halo ketone 

cyclohexanone 

ft 
H3C.,.....C'CH3 

HCI,~O 

CH3COOH 

a-halo aldehyde 
l'l'D ketone 

1-bromopropan-2-one 

8.8.4 tlfiins1n11'lnt~usfRwsf&~ (Haloform reaction) 

Lilu11~ffiu1~'VI~ -CH3 lu,·vnafl'Tnu -v~1as:'in1afiY11l 4~lultl1L~utf~ft111D:floll 
nnuflu~1uuulRL~'U~ll1nLnu?4o luLuRltrfl1onl•tf iln11Uflntrn~utr:lin111 e-c l,.;' 
"' 
CHX3 -v~1au11TBviBfv (haloform) Uft:Lnao1.1o~n1flfl1fuon4Bin 

+ CHX3 

carboxylate anion halofonn 

X = Cl, Br 'M1s I 
R = H, LLSafia 'M1!lLLS;a 
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n1li 12 ~:ltl'tt:nauiL,.,Ro.ruo~teTefflwDf11 (iodoform; CHI3) ~~littn;JftD1J1fl1~rn-3 

'11nsRTnu ..,,.,;uu.oanoDoaftanoon•ltiti'"nJ 12 lufi1-3LLa:l~uJnsRTnu ~=l~tt:nou -. . . 

CHI3 L~UtlUtl1tt 

OH 
I . 

-C-CH3. 
I 
H 

.!T.1tJ.~J~1Jjjm!JJ. 
0 0 

O)'c~3 Br2 ~a;"•> ()8'o- + CHBr3 

8.8.5 t.lfima1&UJftfiBB (Aidol
8 

reaction). 

,.,lJ1ttn-3t.l~ffitt1ftuesRt~r/~1ofl'fnu~ittlLtltt1nURD-31liLC'IflR ~-3ii a~H l1111ll 
LiJullJLft~aft\,.,qJ;fu 1flttiin1flMDL1JftLUUtl1Li-31lJLftfJft,.,d-3LiJU\t1flR1ol~aLi1Yht.l~ffitt1 
L~lJLi1~,.,llfl1fuo\1a'!Ja-3iin111Lftna lti (}-hydroxy aldehyde ,.,;o (3-hydroxy ketone Lilu . ~ . 

NRtlNft 

aldehyde 

ace&aldehyde 

0 
·II 

........ ,..c, ,....c 
~· 

aldehyde 

·OH 0 
........ ' I I II · c-c-c-c-H 
/H PI ~ Ia 

I 
I . 
I 
I 

\4'u1J:l'MJJ 
p..hydroxycarbonyl compound · 

(aldol)· 

· 3-hydroxybutanal 
(aldol) 

8 
UDftfJDft 'V'1n aldolll111n '!l~e + alcdlgj L-U"IJ1Uit-3rl,;l'tl11nt.l~ffi!J11JO~D:f?11ftfilllff 

ftll" luLRfl RfhU~M!J1n'l4 \ '14LUB Lnflh1111lli1 \~NiftNILfl'14. Ji-hydroxy aldehyde : 
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8.8.5.1 M~.m.tD.~~~fJ-~~~~1-J.'YH.~~ (Crossed .,;a mixed aldol reaction) 

Lthu.J~n1tJ1LLBAfiBA~Lnfl11nWl'n.h::nEllJfl1flJait~fi1~~il~lfl'U rhL.,,~~~fl~~ 
LU'UW"I't~R2J Li'U tJ~ffitJ11JEl~LLa~tiltJtfth~~ilfln'U ~~fl1~nii a-H L~ElLnfltJ~n1tJ11::L~ 

"" ~ 
~~fi~~'Y1~.,2Jfl 4 LLlJlJ 

a /r NaOHI H20 
BCH2-c, 

H 
A-A + B-B + A-8 + B-A 

tJ•- ""'tJ T .. ..1 tJ .. """ "" ..4 .,. ,.,. 1Jn1tJ1LLBAfl£JALL111J&./ft'11 2J 1::LtJ-J'UL2JElW11 1::nEllJfl111JEl'U~~'Ufi.,'U~2J a-H LLfiEln 
.... .. 'Ill I... .. tJ .. t'f A .. 'Ill I "" ""'1 '111 •• 1.. I """ A .. I 

-J'Ufi.,'U~ L2J2J .,1ElW'l1 1::nEllJfl111JEl,_.~~'Ufi.,'U~ L1f1El'U1fl~ El Ln~a..nnn11Eln-J'Ufi.,U~ L-JU 

tJ~mm~11~ fonnaldehyde LL~:: 3-methylbutanal 

0 
II 

H"'C'H 

formaldehyde 
lllii a-H 

+ 

LLR::\"lti OtJDffiU1111nn11 

0 
II 

(CH3)2CHCH2-C-H 

· 3-methylbutanal 

ii a-H 

tJ~mtJ1fl11JLLU'U .,;El.fJ.IJ.Hl.~HJ.!i~ (condensation reaction) LU1-t.n11112Ji1-na~ 

12JL~n~l~Wl112JL~n~l.,ru;f-u ~~ijn11-n~t~12JL~n~-nu1~1Lan Li-u ,r, aanltJ tJnmu1-N1~~1-t. 
• • ... • ;.J 

""" . ... • ~,. .... .. ... ~ .r . 1 ... 
El11L1tJn aldol condensation fl1tJ L'UEl~11nUDAflBA'Yl Lfi2J a-H '!f~Lnfln11-n';)fl~1fiElL., a,~-

unsaturated aldehydes .,;a ketones ~~ij~-un-::fifla-u-;,Lnfln1J.,lifl1fuait~ .. . .. 
OH 0 
I II 

H3C-C-CH2-C-H 
131 a 

H 

0 
13 a II 

H3C-C=CH-C-H + 
I 
H 

a,p.-unsaturated 
carbonyl compound 

8.8.5.3 tJ~mu1 .9.l~{~a§Qhmt.c#.~~IJ.~!!9.1J. 9 

LU'UtJ~ffitJ1 LLBflfiBAU1111&.~ft'm::.,11~LLB r 1LLVinUBflfl~ril nu LLEl ~tiltJt1.,1afi1 flU~ ii 
a-H ~~fl~~~l~Liifln1nJ~fiJ1't1'Ufl L~~'UCfl~flfl'U-;JLnfln1Jff~1~L1J'UlU'ULL~::.,lifl1f1Ja\t~ .. . .. 

9 tl""- ...... ..... . .. I .. A .. ... ... ... .I'll 
1Jn'1!.11Yl ~fl~fltl111 Rainer Ludwig Cia/sen LLR:: J. G. Schmidt 'Jf-3tl1-3fll'iliVU-IR-31UY1LnV1~fl-3\UU 

L1R1lna') nu [l. Claisen, A. Claparede, Ber.14, 2460 (1881) ua:: J. G. Schmidt, ibid. 1459] 
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.~1fJ.~J~!I~m.FJJ. 
0 0 o, 
II II 

~ ·~C,H ~c'Cf\ NaOH,H20._. 
I~ + 

. 

laJG a-H G a-H chalcone 

0 0 HO-,H20 0 
Q-8-H II Q--c=CH-8-H + CH3-C-H 

H 

lalil a-H il a-H 3-phenylacrylaldehyde 
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iJI .., ... 
LLVV nMtl vrrn 8 

1. ~lifl1fua\lLuiJou~liYl~niou ... .. .. 
(1) lliij,f1 

... ~ 1 - ... ~ (3) 11~1 fltJflfln'lfL';l'U11R111Yi1J11J1n 

2. ,j £) \t1 fl fl ltJiftli\ iLL 1~1:~11~ 111Lftna 

(1) ion-ion 

(3) hydrogen bond 

(5) resonance 
1 I .. ... 3. L'U~11fl111Jfl'Uft ... .. 
(1 > aan~L,oul1tialt1fla1al~ft' 

(3) aan~L,oul1tiaaLi~n 1tt1l~tf 
(5) 1 LLa: 3 

(7) 1 LLa: 4 

1 

4. 1111 A LLft: B \outn1flflltJifLiJ'ULfhlfl 
1 

0 

~ 
lciJ 

0 0 
( 1) A = 120 ; B = 120 

... ~ 1 ..I .. ... ~ (2) 11~1 fltJflfl111Jfl'U11R111Yi~1ft1J 

(4) lliijia~nn .. ' 

(2) dipole-dipole 

(4) London force 

(2) •nfuaoul1tialt1fla1al~tf 
(4) tl1ftJaoul1tiaaLin 1t~1l~tf , 

(6) 2 LLft: 3 

(8) 2 LLft: 4 

0 0 
(2) A= 120 ; B = 109 

0 0 0 0 
(3) A= 109 ; B = 109 (4) A= 109 ; B = 120 

5. 1fl1~ri1~ lt1tia ltJd~llili,f~LLaaiiluti'LLa:f11 nou 
0 

~ 
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0~ ~ (2) ;- "'(' 

. "'t.l~. 7.· ft11fUl L '" fl£) 

Jyl 
(1) 2-iodobutan-3-al (2) 2-iodobutan-3-one 

(3) 3-iodobutan-2-al (4) 1-iodo-1-methylpropan-2-one 

(5) ""'1fl1~m-3la.iw2Ju1m e;,"~alJiltl' .. ., . . . 

a. 111t.l1::neufi alt.1d'ii111R l11Lana lna'il u-3n" 111 Lfl,f1Lfl£Jfl~1 "" • • • 

362 

(1) H2C=CH-O-CH=CH2 (2) HO-CHrC=c-cH3 

0 
II 

(3) H2C=CH-C-CH3 (4) (CH3)3CCH3 

(5) CH3(CH2)aCH3 

9. ft'l1Ltlii,fiLflEltl~1n11 butanal • 
(1) 1-butanol 

(3) 2-butene 

10. l11Lana Ltlii,fiLfl£JfiR-3flat1 . . .. . 
~OH 

(1) (2) 

(2) 2-butanol 

(4) ·butanoic a~id 

0 

~H 
(~) 

~ 

I i (4) 

CM225 



~ 
1-hexyne 

(1) 03/Zn/ H3o+ 

(3) BH3/H20 /OH-

0 
?.,~ 

2-hexanone 

13. fl11\-ift11lttLfl'iEJllfll 'Yl'UfiD ltJd 

(2) PCC (pyridinium chlorochromate) 

(4) H20/ HgS04/H2S04 

(1)~ (2)~ 
14. mnilo~·;nn-Eo 13 fl11l-ltJ~mu1lfl . .. 

(1) tJ~ffit11n11L'A111l1 (2) tJ~mu1 ozonolysis 

(3) tJ~mu1oon•Ltliou (4) lJ.iij,jo~\]n 
15. ft11lttl1tiotJ1iffiu1n11L?iliLi1~"Mlifl1fuo\ta111n~wfl · w • ~ 

0 0 
II II /c, /c, 

(1) F3C CF3 (2) H3C CH3 

0 
II 
c 

(3)· F3C/ 'H (4) io~l1~0 ')n'U 

16. LROnanM1U1::~1fl1fiOtJtioltJd (A- N) l~tl1~nuiofl11lll"ULLfia::io n1lliijfl1tl01J 
~ .. .. " .... 'Yltln L'Mtl01J Lllll . . ..... . 

cra_H dl N ... OH 
II 

crc,c~ 

(A) (B) (C) (D) 
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0 
OH cro ()<OH 6 C)eH3 CEN 

(E) (F) (G) (H) 

OH OCH3 0 
I I II 

R-C-NHR1 H3C-C-OCH3 CH3CH2-c-H . I I 
H CH3 

(I) ·(J) (K) 

(l) NaBH4• aq. Alcohol· (M) ~n(Hg). conc.HCI 1 (N) Ag(NH3)2<+> 

(1) ou~uf acetal 1JD.:tfil nu • 
(2) fi1nu~iiltrtaft1i'uou 
(3) LLDafilutf~Lfifltf~ffitJ1UlJI~fiDflfl'lJLLDftfllDtl'JfiltlLtl!J1fl'Ultl 
(4) au~ufssn~v • 
(5) ;LoL~utf~LtlauuuoatilDtiLiJuueu~notJoatiJlllJn. 
(6) a,f3-unsaturated ketone 

..,. .. ..1 tf..l •WI !II ., iJ .. ~-(7) 1LOL~'Ufi'YIL ft!J'ULLOftfl LDfl L'V\L ,_.n1flft111JOn-uan 
. ... .....~ tl..l ... 1 .... :c. (8) 1LDL~'Ufi'YIL ft!J'Uft 'Yl'UL'VILLJ'ULLDRLft'U 

(9) ou~utf enamine 1JD.:tfi1nu '" • 
( 11) cyclic hemiacetal 

(12) au~ufl'llll1lut,.,;u • .. ~~ ..1 ..1 ~ ... I .. 

17. 11Dft11ll Lfi'YILnu1nu hemiacetal L11~nflo.:t 
... I ..1 .. ... ~ 

(1) li'V\\f OH LLft: OR 'Ylft111JOUO:flf)l1Lt1!.11nl' 

<2> Lnfl~1nuaanatJaaLfluit1ftalalwaLIJi1f11tl~mu,rruuaaiilDtf 
(3) tl~mu1~Lnt~LiJutl~mu1'Jfilt~n1unft'u 
(4) la.iLfl~ l 'Uft'll11:~iiU.JRLtfUtl1L i.:t 

18. lfl1.:trn.:~lt~fioltld'LiJut'lfu1~utl1,1JJ 
N ... OH 

(1) yA (2) 
HO~CN 

• 

~ (3) ~CN (4) 

OH N .. NH2 
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19. tJ~mt111:V111~ benzaldehyde nu HCN 4"ij NaCN l'ULEI'Y11'U£l~LUUtl"lLi" l~ft'11lfl 
OH 0 

(1) ~CN (2) ~CN 

~) c!H 
CN 

20. 1LEIL~'Utfl"U,jalfl~l~~atn-l~fl1llif 

¢ 
OH 

(1) 1. CH30Na 2. 'H20 

(2) CH30H (excess), dry HCI 

(3) CH30H, -OH 

(4) CH3C020H 

21.tJ~ffit11~altJ~~R11iJ1:naulfl 

(4) 

O~OH dry HCI., ? 

HO Cl OH Cl 
(1) ~ (2) HO~CI 

NOH dOH 
(3) "lr'" ' (4) 

.. ... iJ .. ., .. ···- I •'I .. .. ...1 ... ., ~~ 22. svu (imine) L 'U~ftfl~ft'Y1Lntnnn1Jl)n1ti11:'VI11"LLflftfl LIJtl'VI'lEifl fll"nUR1nJ£l Ltl .. . ... 
(1) LLaftnauaft . (2) a:li'U 

(3) n'lflfl1fuantian (4) HCN 

23. uamtl1tialtJ~~R11lfl 

(1) benzophenone 

(3) benzy·l chloride 

CM225 

PCC ? 

(2) benzaldehyde 

(4) butanoic acid 
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(3)dH 
(4) ()=o 
(5) 1 LLa: 2 

(6) 3 LLa: 4 

0 

26. Lfi,\t~tialtJ\ftajnnaan~lt~dlttu PCC .. ' 

( 1) 1-pentanol 

? 

(2) 2~pentanol 

(3) benzyl alcohol (4) butanoic acid 

27. cn1l11:nautiall1d'Lnttl.J~ffiu1 C•nnizzaro unLi'-lia\tt 
(1) CaHsCHO (2) CaHsCOCH3 

(3) (CH3)2C(C2H5)CHO (4) HCHO · 

28. iElfl1111\t~fiLflU1rltJtl~M!J1 Wittig lli~ntlEl-3 

366 

( 1) cn,fl,,tJ~ffiu1 \ 1.ll.J~ffiu1 LiJ•uaaiiltrtf'Vl1oJll YlU 

(2) ~atl~MU1LUULLDattu . .. . ....... 
(3) 1LElL~\ltlflEl EJRftfJ (ylide) 
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(4) n enol LiJ~a~Lflof~LtlUfl 

29. wrn.h::n oufnfu oil a lttn1tlnmu1nuiafifl l ~uaail~ti o ltlil 

? + 
e ~ 

CH3-CH-P(CeHsh 

( 1) cyclopentanone 

(3) cyclopentanecarbaldehyde 

30. lfl1-3trl1-3lt~l1iij a-H 

(1) cfH 
(3)~ 

... ...1 
31. (CH3)2CHCH2CHO 11 a-H no::flall 

~ 
(2) cyclopentanol 

(4) acetaldehyde 

~>.~ 
(4) do 

(1) 1 (2) 2 (3) 3 (4) 4 
I ~tl,¥ .. 32. n1::1J1~n11fla L ~L1un ..... 

t::::::i/OH 
( 1 ) resonance 

(3) tautomerization 

33. ne TnLvef fie 
(1) lal'lfL11af~\tttlfl1-3ri1-3 

(3) lo 1 'lfL11 afL :a-3 L nJ1fl mfl 
34. A ih1D fnLvDfwa-3LL1J1J ltl'ufi,j'o ltt 

A 

(
1

) oY + oY 

(2) conjugation 

( 4) hyperconjugation 
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(
2
) dY + dY 
~)elY+ oY 
(
4

) elY+ dY 
tJ A- ~ " ,. ~~ ... ,. C' •t A I A 35. nnn.nn11Ufi'Uflfl1ULLDUU~\htlLLOflfl LlrflLLfl:fl fi'ULnfl~1'UEl\UJfl£)ft1': 

:.J ", 

(1) nn (2) ~" 
"' ~ ~ ... u·- ., .. " I ., 36. 'Y1LnlJ1n1J L)O'l[J1UDflflBfl '110 Lfl Lll~nflEl" 

(1 > L~lJunmu1tr1uLuw 
(2) LLaatiltr~"M1afilnoun1t1~ffitn~hu8usa 
(3) ltl' y-hydroxyaldehyde "M1a ketone 

(4) luunmu1iin,,m"~'"m: e-c ,..,~. 
37. tJ~ffiu1 Baeyer-Villiger oxidation 

(1 > LiJ.utJ~ffiu,~aan•lflwfilnu 
· (2) ~atlnmu,~ltll1fLaw~'nef . 

(3) 1LaL~utf~l,ffien1tUJVsfssn;7 (peroxyacids) 
... " ~~- ~ (4) 1Jn11ti1U'M\Jfi11011LLfi'Ufl111n 

. " . 
(5) \1n'ln11o 

38. 111~iiRfl1l11Lana C5H100 4"nn1illll~uanne1Jaft"tla11nn ii~-Dilfl 
"' " "' ~ "' 

(1) 2 (2) 3 (4) 4 . (4) s· 
39. 111~iiwt11l11LRna CsH100 4"nn1il1RllfLLeanouaa'nilunn iiri,n., .. . .. . .. .. 

(1) 2 (2) 3 .(4) 4 . (4) 5 

40. 111LtlL~D\1~il1wtl'1lJ LiAJH4 llf 3~methyl-2-pentanol 
0 0 

(1) Hy (2)'~ · 

368 .-
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0 0 

(3) ~ (4) 'o~ 
. 41. lfl1ltltiEl 'ud'l,.;LLElan£luElatlilu~ilLGEltl111~mr.nnu CH3MgBr 

(1) 2-methylpentanal (2) cyclopentanecarbaldehyde 

(3) butyraldehyde (4) 3-heptanone 

42. lfl1LtlfiEl'ud';;,t.J~mu1nulfl1a::a1u'YIElaLa14LfLLa1l'V\1a"::L~"' 
0 

(1)H~ 
0 

(3)~ 

0 

(1)~0H 

(3)~0H 
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I ? 

0 

(2)~ 

(2)~0H 
0 

(4)~ 

369 


