
uni111 
' I 

a11tl1tnau l "-TG11L'Q" 

&11ti41RIJJ 

ft11oun16-.,a,u-.rril~ii-.,li?f"n..Uu~iia:t~a1Jlulfl1L1U uan11ns:t11l~ltl'nft11n" 
'U 

l I " tk ., ... - ... ~... ... ... " T ~I I .. l T " ~ "'" I IIIII U1JflnflU-.,U1U U"llft11£1Ufl1u8Ufi1J ~U~fl1L1ULIJUCf1U-.,u" U~fl1"ft11"'JJ" LflLLn EJ:'11U 

(amines) n11'41LLUnth:L1lfl£1:iiu anltN:lfl1"n1" ft1JUfifl1"n1U1l1V. n11L1unio ii 
Lt~1ull tl~mu111o"o:iiu 111J,f"~iflnmtti'1J111J41Jf1ilu1"41Jfitfl~iilulfl1L1u L~u u6RfJ1 

REJtJl (alkaloids) 

Ldoltl'flnW11JfiL1uuund'ua1unflnWlft1ll11n 

1. uanfl11liLLflnth"1:,_,;,",.,liVf"niuLLuufi1" 'J~iio::t~olllult~1L1Ui1ll£1ulti 
'U 'U 

2. '41uunti1:L1lno:iiu ua:ohnu lfl1"rn"""li?f"niu~ilo::9lalllult~1L1Ui1ll£1titl'1ultl' 
'U 'U 

a. aiu1 u~a11o"LD~ nol1o:f1o1J-.,1o~li?f"niu ~ilo:f1£11JL -.,a,d'ti o lt11" ri1"11 o" llJLana 
'U 1 

LLR::Oi1J1UftlJUfifl1"n1U1l1V.ltl 

4. Ehuio ua:L;iuuwt~11fl1"rn"'1nfoft11tJ1:noulti 
'U 

tl .1-- ... - ., ... "~ 5. 1:1.l 1:L1lfllJ~n1tJ1fiLnfln1Jfl::1JU L" 

6. ,;1U1tJ~atl~ft 1L£1L1UtlLLR:/-.,1£1ft1l11:11£1"tJ~ffiU1~Lflfln1JO:iJ"lti 
7. ai1J1r.Jfl111J-.,li1U '41LLUnU1:L1lfl LLR:n11fl111ft£11JLL!lRfnR£1Utl lti 

• 
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• 
1JYI~1 

1:uudiiai1a:ihuih~vuJLLn14~~$~ l'Ji'Vlintnfua'" l14a:i114thnJnihii14'Vl1i -NH2 ... .. ...... 
~~L1tJn'Vl1i. amino n'Vli'ua:il14rt~tJ1lliLL~:fliltJnil L1unLii14'Vl1ia:lil "'~~nnLL rt14~ (L1i\4 ... . ~ ... . ... ... ... 
dimethylamino) LLft:n~n1 t.ltl1 v~a~ a~ l ti'Vli.n 'lf lfl1fl1fu a'" 

4 3 2 1 
1
CH3 

CH3CH2CH2CH2NH2 CH3CH2-N . 
\ 
CH3 

1-aminobutane 2-amino-2-methylpropa.,. 1-methylaminopropane 

(1° amine) (1° amine) (~amine) 
dimethylaminoethane 

(3° amine) 

(2) L1tJnLiJ14 alkanamine LiJ14~a~~~'ti1tJtl1t.l -amine 

LRan l'Jitnfua'" ~ tJ11~Wfl ~~ilfl1fu a14~Wi'1~W141J:nul '"lfl1L~14Lil'" l'Ji'VI in 
~ 

" .. (flft1t.ILLElftflEllJElftt11111:uu IUPAC) 

I ~ a, A " 1 . .. . ~ • I ..I . a, II' ~ 1'1 
El1141JEl'VIftflfl1111114fl Llf fl1fl111JE1141414 'J LLft:LJJftt.I14Elflti'1 e fl1t.I'IJE1LJJ14 amine 

I 

1:~.,1LL'Vl\L~,la~ N l\fLiJ14i1L~'JJUEl.t.l~'ffl lciLft'JJ.,iLL'V1\L~'V11l'1~El'Vlftfl 'VI'iD'VIU1 
., . 
Elflti-1 --amme 

II' ... ..I ..I II' I ~ ... ~~-~... 1"1 • 
ll1llfl11LLfi'Uflfl N fl1t.l\'\liLLDfl"&qO'U Ll'lL1UflLJJ'U N-alkyl \1\10 N,N-dialkyl-... 

NH2 CHa 
I I 

CH3CH~CHCH3 CH3CHCH2CH2 
I 
NH2 

3-methylbutan-1-amine 'butan-2-amine 
N-rnethylbutan-2-amtne 

\'1;8 2-butanamtne \'1;8 3-methyl-1-butanamtne · \'1;8 -N-methyl-2-butanamine 

cyclohexanamine N .. benzyi-N-methylcyclohexanamine 

II' ... -~-~ 1_a, ... ... ... ..~ ... "'- ... I ~ . • I 

ll1ll\'\~f""n'Jf'U£l'Uflll.,1tl1h• •flt)Jll1flfl11 L-u'U -OH, -COOH •. -C=O ll011 -NH2 

iJ .I ..I ... iJ I L \l\1\i.iLLfi'Ufl UR:L1r.JflL U.\1\ll -amino ... ... 

11.1.1.2 .'Jl!.It!fJ.~~~. (Arylamines) 

benzenamine \'\'io\,riaLQ'W1t 



•• .. •• 

0 Q NH2 •• 
o-CH3 ~N(CH~H:Il2 

t ~ ' ' 

aniline N02 N,N-diethylaniline 
~;o benzenamine 

4-nitroaniline 2-methylaniline 
~;o p-nitroaniline ·~ill o-toluidine 

L... ... .I ... ..r... ' iJ I .. .. I ' ... 

"'·I'V\'lUW"''llJ'l:nEJuEJ:li\4'Y111EJ:ttalrlJ&" N L \4R1\4'V\\4"L"1"LL'V\1\4 1-3LLfla:LLUUL'ltJn 

fl1-3n\4 41-4nu,)1\41\4L1-41tt'lL~\4 ~\41fl~8"1".\Lft:1-3,f\4~~RliUiEJLLEJ1'lLL11tin'V\1EJL1i 
...... ' 

11.1.2 ftii1Jflfl1\1n1un1w 

.. :'1 • I . ..r ... .:. • I ... ... 1 ... 1 ... ..r ... 
D:'VULlJ\481'llJ'l:n El1J'Ylllnft\4L ,.,1JUQ\4L 'Jf\4Lfl tJ1nULLEl11 11 L 14tl fl tJLQ ~1:EJ:ll\4 'Ylll . ' 

J1'V\,rn 1l1Lftflft~1ijn~14fl11Uft1 L,j14 (Ct-,13)3N flft1t1Uft1L \L1 LLft:U1-31J\ttlijn~14L 1-L1L 'V\jj\4 

L -u\4 putrescine 'V\1El 1 ,4-butanediamine · U.at.. cadaverine 'V\1El 1 ,5-pentanediamine 

intermolecular 
hydrogen bonding 

N ijwrn~L~~1au1l'EJun11 o «n1wi1\14~14n: N-H ~-31l'aun11~\4n: 0-H ~EJ-3 
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~ .r.!!! ,.. ~ ; ,.. · I ~ T II .., • .., 
fi111\1TI ,11.1 LlJ''JEJ1JL'YitJ1J191LtJ0ft,O~O::ll14 LLOfiOOtrO~ LLR::LLOJUfl14YI111R L11LROR LORLflti~014 . . . 

tnnh~nEJV uu; Tvutna wunlzrlfl1LiU iflLIEJfl ('C) n11ft~ft1tnl1 
' • 

CH3CH3 30 -88.6 
CH3NH2 31 ... 

- 6.3 
.... 

LOft ft1110 

Cl:f30H 32 Lfift 65 

CH3CH2CH3 44 -42.1 
CH3CH2NH2 45 

... 
16.6 

.... 
LOtl ft1110 

(CH3hNH 45 
... 

7.4 
.. 

LOft ft111n 

CH3CHaOH 46 
... 

78.5 LOft 

CH3CH2CH2CH3 58 - 0.5 
CH3CH2CH2NH2 59 

... 
47.8 

.. 
LOtl 911110 

CH3CH2NHCH3 59 Lfifl 37 
(CH3}sN 59 2.9 

.... 
t1111n 

CH3CH2C~OH 60 Lfifl 97.4 

NH3 
... 

-33.4 .LOft 

:Ho Lfitl 100 

11.1.3 lfll111LUII!IIh11ltU" 

H .. ~ 
R-~-H + H\S-H R-~H + 9oH 

I 
H H 

base acid conjugate acid 

tl1fl~~ftllfJWDD~tl~mEJ1if flO Kb 

lftNHi J( OH] . Kb = _ __;;.. __ 
[RNH2 ] 

LLa:: pKi, = -togKi, 

ti1 Ke, ,.o~o:l1um,llnnthu.tmi1fl~fl· (J<.f,.Q~tifl1",.o~o:l1u tun11LiBtJtJL flvtJ . . 

Bll1VfL1.JH a.in t,r pJ<. .,.o~~fl1tllf1flfl11th pKb ,,flLtJW ·. ' · 
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pK. + pKb = 14 

LLR:: Ka 4~LiJoufi1fl~~LUiflR11e~tJ~mu1m;LLf,lnt11-ne~~n1fl11ne::s:iu 4~111-;t1n , 

H 

R-Jf-H 
I 
H 

conjugate acid 

R-R-H + tf 
I 
H 

base 

[RNH2llH+J 
K =--------

a [RNH;J 

LLRt pK8 = -logK8 

n1fh pKa ff~ ("M'iEl piG, ~1) LLfftl-311LiJ'UL1.JffLLri .. ' 

f'I~111LL't\1tlil\1,UftiltUM 

UBSU wins.:iiuf1n1filflijff1l1'WL1JWlnaLfl u~riou LLR:aiJun.JW~LLrin11LLEl11 111L itu 
'I 

Lan11'eu W1'ULLEl;Re::nouLiJouLuw~ £i eoun1'lLLBRLL~ilne::s:iou L0aL1.AuuL f1 uunuLLa11 111 Lilu 

wn1owLuft'!la~e::nou;fouriuiJ-;tiu•h~ 'J ltiLLrl 

1. "MliLLfi'U~ .. 

-R-N-H + H20 
~· 

2. Solvation 
' 

~ ... tJ - ... - 1\ ... - - fit ~ ~~' iJ ... 01-n1Eltli'U f111l11 Elt11'Uf1fltJ1liJ LLRtElt11'UtltltJ1l11 ~o~ff1l1'WL1JffLOnO'U L 'UL 'W11t11 ,.. • .. 'I .. .. 

U1itJ~'UL~tJ11iEl~ LtlLLri 011REl111~1.JLElElEl'Utl1U 111LRflRtl1,1RtR1U (solvation) •~11Jt1ulou 
n11n1::11UU1:1 "M1iU.DRflR~DthoutJ1:11.J1niJJD~L'U1fi1L1'U1.JflU~n11L1i1RD11101.JIJJD~tl1 

'I .. .. 'I 

,1RtR1tJ ,1l'Mn11n1:11UtJ1:1tJ1nLnflu1nn11LLe11laJLittf o::ilouff-3ft1111filfl~~s:i-D•~-no-3 
'I . ' 

R1l1ML1JW\nariu , 
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_ufJ;aD:Siu L~'\.1. aniline LL~:au~UMJ£h1 aniline iiR1l1V.LlJtnl'aun11UDRfiaD:Du .. 
L iia~~nnii1l11LflaauaLanfl1au-na~fiaLantl1au~lliri1~~'"n:~1n l '"Lfl1L~uL i1l u1~ Lnfl 

\1 

n11L~g£lll-i£l'U.1:~11~aLanfl1£l'U.fid'nlJ£lElfihia p -n£l~1~LL£l L1LLlJfln rhl~fiaL~nfl1£l'U.d 
\1 \1 

udiu1LLa:l1tial1~ffiu1\taua~ uD;aD:iiu~~iiwn1v.Lumtaun11 

L~aiin11LfliauaL~nfl1£l'U.·L~ll4utlii~Y11l~R1l1V.L1JRatla~ L~u diphenylamine LLa: 

triphenylamine 

Q 
o-~-o 

3.8 X 10.10 
' 

L1JR~flft~ LL~:ii~a111n 

... tA ... ... - I fl111"fl11.2 L 1!J1JLfl!J1JIIl1'ViL1JtftiEh1D:ll14Wtlfl1~ ') 

... r,1"m" pK. EJZIJU pKb 

LLOlJ lliL ilv NH3 9.26' 4.74 

.. v~· ... . '..'.IJ.~.t.J •.• ~nf!;M.~ 

-DziiutiiVIJii methylamine CH3NH2 10.64 3.36 

ethylamlne CH3CH2NH2 10.81 3.19 

cyclohexylami.,e ONH2 10.66 3.34 

azDunfinnii . .. dlmethylamlne (CH3hNii 10.73 3.'?-7 

dfe1h~ (CH3CH~NH. 10.98 3.02 .. .. .. 
· ·trimethylamine (CH3)sN DZ1JUflfllJn1J 9.81 4~19 .. 
trlethyi~Jne (CH3C~)sN '10.75 3.25 
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aniline 

4-methylanlllne 

4-chloroanUine 

4-nitroanlline 

2-nitroanlllne 

3-nitroaniline 

11.1.4 ft11'LII1fJUDtiiM . 

B:Iiu Lfl;tJlllti~1n1l~ffiu1th~ '} ~~;{ 
./ 

1. 1l~ffiu,;trn-iu ltiurl 

4.63 

5.08 

4.15 

1.0 

-0.26 

·v-NH, 2.47 
~N 

- 1l~ffiu1 Reductive amination 11El~LLEl~illrrtiu~::f1l flU 

9.37 

8.92 

9.85 

13.0 

11.53 

. - 1l~ffiu1n,,;~,wrl11l1::naulJ~iJV\~Yf~niu ~ill u lt11L~u 
2. 1l~ffiu1n11LLflu~ti1uil1flRlalMR' . 

3. · 1l~ffiu1ni1it1i1 \ V\li 

11.1.4.1 Jf!y_1)J_fjj_f:J.J..I3!!!!Y~tlY.f!..@IJl{IJ!I.tjgn. 

Lilu1l~mu1~ilullli'Lfl;uiJa::iJu G•a~.ffu .ffuLL1nLifunTntt1ulln~~utD-Bn47v 
• .. ,. •111 _. • •t IS .,. .,. • , 111 ., ,.. U ..: 

(oxime) V\18BVU (imine) 1JEl~LLEl~ft Ltfft""Jf)tl flU ~1nUU~~1ft1CfLL~:: LftEl::lJU L Un11lV.lJ 

V\~LLElftfl~ 1 \'\~ li1~El::ftEllllUlfi1L~'U NittN·~,~El1~LUUEl::iJuJJ111Jii flflUIJii V\1ElftfltJ 
1Jii 4untJW11L~lltlU11fj'M~LLflU~ 0, 1 'MUl .. 2 -.,~ ~lulfl1L1~. 

(1) n11Lfl;ulla::fju1.ltllnij 
• 'U . ' 

B:IiulfiVIJD ltl'~nn1.l~ffitJ11::V\1':l~ ,l/fl1BniaB:Iiu (hydroxylamine) rl1J LLElftfllutf 
V\1ElttlflU 1.l~ffiu1if'\i NH20H LLflULLElllllJLittJLV.11::R11BBn!Jv~ltl'thu\V\q}LtdltJ1LL~:: 
uunltl'J1u ~1n1fu;fl1HR11BBn4fvti1ulrr lf11L~ULL~:: l~V\::i1Li~ V\1ElW11;fl1H (L1i'U 

. ' 

L~H4)V\'1ol~V\::nun1ft 

CM225 445 



'0 
II 

R-C-R' 

ketone ~1a aldehyde 

.~:UJ.~J~1Jjjffif.XJ. 
0 
II 

CH3-C-CH2CH2CH3 

pentan-2-one 

0 
o-g_:H 

benzaldehyde 

(2) 011Lfl1EJlJO:ih.~'lfltiZJ5j 

•• 
N-OH 
II 

R-C-R' 

oxime 

Ni. 

recludion.., 

•• 

•• 
~H2 

R-C-R' 
H 

1° amine 

NH2 - I 
CH3-C-CH2CH2CH3 

H -
pentan-2-amine .. 

NH~ o-.1 
CH2 

benzylamine 

tJ ~ r;; EJ1 if'L ,Yo: ii u tJ J liiJ ihi1 tJ ~f); EJ1 nu u o ~ iilutl'~; o ill flU lti N·substituted . " .. " ··-~ ... ... ... imine ~10 Schiff base LL~1~-3fl111tl1EJ1J!)n1EJ11fln'!fu 

0 
II 

R-C-R' 

1° amine 
•• R11-NH2 

•• 
N-R11 

II .. R-C-R' 

•• 
NHR11 

reductiOn ... · • R-C-R' 
H 

ketone ~1o aldehyde N-substituted imine 2~amine 

acetone 

... ... ~ -(3) n11Lfl1EJlJ0:11UfiJJEJ1l11 .. 

borohydride) 

446' 

0 
II 

R'-C-R" 

ketone Mio aldehyde 

, (1) LIAIH1 • 

(2) H20 

lmlnlum salt 

N-isopropylbenzenamine 

•• 
R-N~R 

I 
R'-C-R11 

H 
3° amine 
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cyclohexanone 

Nat(CH3COO)aBH.., 
\CHaCOOH 

I e 

N,N;.dimethylcyclohexanamlne 

~~ u· -- .¥ I .. ... tl '1 .. ... A .. ., ~~ ., I /lllltlll 
L~ nn'lEJ1~"'1Jfl1'l1J£J~a-na~&n"J "J::naua:: Lllfltln"Jfl1Wfl1EJ LiAIH4 L"'"'1JL1/f1RU 

'W " " " 
.... ., ... ... '1 . ., ~ - tl - - - - - ... ,k {methylene: -CHz-) ~~ L~Lfl'lEJ11£J::11\4 Lflfl~~Ufl ;t111111 'YlflEJ1111 LL9::flf1EJ111J fl~U 

0 
II I 

R'-C-N 
\ 

butanamide 

N-phenylbutanamide 

N,N-diethylbenzam1de 

... ~" " 

reduction .., 

(1) LiAIH4 .., 

(2) H20 

(1) LiAIH4.., 
(2)~0 

(1) LiAIH4 .., 
(2) H20 

butan-1-amine 
(1° amine) 

CH3CH2CH2-CH2-NH-Q 

N-butylaniline 
. (~amine) 

N-benzyi-N-ethylethanamine. 
(~amine) 

"' .... ,., .. ., ... ... - - If .. If If .. 
LUU1tr'Yl L~Lfl'lEJ11£J::1JutiJ111J11~1nusRflRLD ''11" LLa:: ,u ,,,.s 

LDY'lff11annu (azide ion; -N3) LLa::Y9tl1%uf11nonu (cyanide i~n; -c=N) LiJ~it1fla 

· lal~tf~ii L'i1LL'Yl~ leaving group L~UDRftRUD'Ysl LLa:: alkyl. tosylate ~UflUJVIJiiLLa::YJiilliJD 
ltia~1tl1::nauunsftRLEJ 1'111 (alkyl azides; RN3) "''£Jft11tl'l::neu Yu y,,.; ~~nn1-i11Lffia 

" 
ti1EJiii~1R L-rl~ LiAIH4 V\;a H2 LLa::la"'::tl1Li~lti 
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R...;..X + NaN; ___.. R-N3 reduction 
11 

halide ..,;f) tosylate sodium azide alkyl azide 

(1° 'M1fl 2~ 

a· 
R-X + c:N: ___..! R-C:N: redudion ~ 

halide ..,;a tosylate cyanicte ion nitrile 1°amine 
(1° 'M1fl 2~ 

..&... ... .. I • " _, ..... .. 11 " .. .I . - ...~... .. 
Y.'.¥.J.Q\~~ ~--~~ .. UJ\1\~ -C=N L110Ltti1U.f1~f1LL9::~n1fi1R ~:: Lfl0::11~uJli~.2Jf111fi111JO~ ... -

Lv-.ll 1 O::fl011 

·' Q-cH2CH2-Br 
1-bromo-2-phenylethane 

NaN3 _ .. 
2-phenylethyl azide 

Q-cH:zCHz-NHz 
2-phenylethylamine 

,o-Br 
cyclohexyl bromide 

Q-cHz-Br KCN 
HCN 

benzyl bromide 

· NaN3 

cyclohexyl azide 

Q-cH2-CNI 

benzyl bromide 

11-- ·-.. nJ t f 11.1.4.4 .. !D.Q.1.~tJ.Q.11.1.~?.ft'1 •••. !;:Q.flY. .. J;{ •• t!1. 

0NH2 

cyclohexanamine 

H:z/ Ni 

2-phenylethylamine 

inifl ,YLfl;nllo::li~tJ~111lli~1nrntJ1::noul ~ l ..,, \1\lil ~ l Yl1~Ri'1-3~~1f::rtu\'\li 
~ . . . 

LLD9fl9LL9::LLo;afln;f11LfL~\'\liO::lil~ltiJ1lJ lflnl,Y H2 LLa::la\'\::tl1Li-3 \1\";ol,r[R\'\:: L'JiU Fe, • • • 
Zn 'V\";o . Sn niJn1tl 

448 

N02 

(jCH3 

o-nitrotoluene 

N02 
I 

.CH3CH2-CH-CH2CH3 

3-nitropentane 

H:zl catalyst 

HiNI .. 

Sn 
111 

~o .. 

•• 
NH2 

6CH3 

o-tolvtdlne 

NH2 . . I 
CH3CH2-CH-CH2CH3 

3-amlnopentane 
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11.1.4.5 If!!!.1:!DlJ1q:J.r!.'11.«n.l!fl.~?.P.fl.1.~RJ.qJr/.(: 

lflvV~inLLa1LiJ,...1i~J1vtn\1i'un'11'Ltl1uaJa::~"ttlut.J~ffitnn11LL't1U~LLuu sN2 ~ 
LLDl~L~U,El-3LLEl~fl~·LLlfl~f1 (CH:Y( 1'\;0 ~) ti1Vil1flalal?Jtf NH3 'VI;ElD:'VU 1J~ffiv1£i 

~ ... . 

ft'El-3,U flEl . 

(1) il1flalEJl?JtfLi1,b1J~mv1lti'LnROLLEllJ lliL \tv11 

(2) n1111it1 l111flEJU~1n N t~s:Du 

H
"' 

•• 
~.IE&. NH3 •• 
R-~-H .., R-~H2 + NH4 + 

A 
11~mv,d'Liit1lflrflufl1-3 LLtiiiitn&uLGEJ-311n~ifl~~Lnfl11~ffiv1fiEJlti LL~::llnl~ 

Wl1~Rll L dEJ-3~1n EJ::iiu ~lti'LiJ\I.il'lflftlEJ l~lfi\LL:'--3ni1LLEI1J l1JL \tv ~-3Yh1J~ffi!J1tl E1 lti W11~£i 
\11iLLEJftflft111nni1 1 \11iLn1::nululfi1L1\l 
~ v .. 

I " ... ... .J A lllj ..... ~ II II 1 II t ... ~ A A EI!J1-3 L1nflEJ::1JUu;1J1l1JEI11Lf11UlJ1trU Lfl fl1 L-uLLEilJ 1JL1U.J't1Ln\l.~ EI1J1n f'l L ~Elfttl • ~ J 

t ..I A ..I A tk .JI .JA- -., l. ~ " .. I "..... ..r.... -., 4111 t lllj 
EJn1R't1~~fl~~'t1Lnfl1.1U~::TJ1ulJn1u1nULLOnt~RLLtJ LRtlflEI Luon A •'V111JLnftEJLLElll 11L uu11 

~~tlfllJii (quaternary .ammonium salt) liiidltiL'Jtun\1. 

.tt1fJ.~.1~!1iim.~.1. 

1-bromopentane 

-----i~t~ CH3CH2CH2CH2CH2-NH2 + NH4Br 

1-pentanamine 

CH3 
$1~ 

H3C-~""-f 
CH3 

quaternary ammoniu~ salt 

11.1.4~6 J!.Dmt:IJ.111.1.£!J~tl!J.~{.El~ii.J!~?!!.ifJIJl~~!J.UliYJ! 
(The Gabriei·Synthesis of 1° Amine) 

CM225 
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phthalimlde phthallmide 
(nucleophile) 

• • 0 
UJEl R = CH3 'V\1£1 1 alkyl 

.fl1f:t~J~,)~mt~J. 
0 

CH2Br ~e 
+ I N 

A 

benzyl bromide 0 benzylamine. 

11.1.4. 7 !/.DlJ1~11J11fftfi.?.lYJ.Jl~y_l:frfP..r!N.~Uf..l}.~;.r:rJ.1f!!Pi?JMIJ~y-'!Jfl.fJ.f}.fi!!J!. 
(Hofmann and Curti us Rearrangements) . 

tJ1iffiu1tf~tiLiJ'Un11Ltl&u'"a'"~'"1Mia~n1flfl1fuantiinLiJ'Uf):£i'Utl1~1lii ~,'" la 
;.I ... .. ...... 

l'lfl'lftJ1LUf1 (isocyanate; R~N=C=O) Lilan1tl~mu1nuJ,~:l~a::£i'UrlJ~IJD ~~iin11Li~ · 
~ . ~ ........ ,. ~ ···-fl111J£l'U~1n'V\~fl111J£l'UftL~'V\'U~£l::f\£l~~~R£l~~Dn1U1 

...f~wa~tl~ffiu1ifL'V\~1:&tl'Vli'unt1Lfl;tJ~a:£i'U~lJ.ift1lt11nLfl;u~lt1~1ntl~ffiu1n11 
..l ··-- .\ ' ~ ... •• ...l • _,. .,~ ~ - -

LL~'U~ ua:~nn1u1 reductive amination L"D'U a::~'U~~lt1llt~'V\~a:aH'Utlu~fl111J£lUflflU1l~ 
;.I .a ... ... ... ... 

- ... ua:LLfl1R a:lt"U 

.n:n:f.!1~1l~-~~lJ!-!r!P..r!N.~uf (Hofmann rearrangement) (~1-ia 10.5.3) 

LiJ'Utl~ffiV1~£l~£l::llltftiJ~1Jii (RCONH2) nuuulaL~~ (Li'U Br2 •. Cl2) LLR: NaOH 

Lnfln11-i'fltl1L"ajua:l~a:Sl'U~£ifl1ftJEl'Ufttlft~ 1 e::tlEllJ 

450 

0 
II 

R-C-NH2 

amide 

.fl1~!JJ~!l.Qmt~J. 
CH3 · 

~c~-f-cONH2 
CH3 

2,2-c:limethyl-3-phenylpropanamlcle'· 

CH3 

~CH2-Y-NH2 
CH3 

phentermine 
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.n:n:!~~11~-~U~.\!~f.J.~n?J.q~ (Curtiu~ rear~angement) 

tJ~ffiu1d'Lilun11if!i1l~a.itto.J Jtcyl azide (a"t~"fneh1n1tlfl1fuanlBin lti·;nn 
u·Difl~RD ~1fl nu NaN3) L~~D f'lf~'lftJ1lU~I'~-3f11tJ~ffitJ1~1J,{1L~a:iiutJJ111Jii~fl1ftJa\4 . 
~fl~-3 1 a:flaJJLiunu 

0 
11 e e 

R-C-N=N=N 

acyl azide isocyanate 1° amine 

......... .. 
11.1 ~5 u!)n1'll1tJD\1Dtll14 

~BLRntl1au~la.iri1-3~U1J:tto-3 N ii£f1ut'tf1tylutJ~mu1t~D-3o:iiu uan~1n~:f11 
l~a:£huim.~UiLiluLuwLLLi1 u-3Liluil1flalol~Lff11tJ~ffiu1nunL9nl .. .,lv4fLti t1-3d' 

11.1.s.1 YD.ti!u1ff.'d!11fl. 
D~iiu f11tJ~ffiu1nun1tlBU'YI1uu~:n1flo\twn1UL~Lnaoo:iiu (amine salts) 4-3 

LUUft11tJ1:naulaaa\tn t11:nauti1tJLLflt1looou4-3111~1no:iiu (protonated amine cation) 
... .... • ollll iJ • ..,... ' af ollll I LLR:LLa\4 Ltt£1 £t\4'JJ-3ll1~1nn1tl LnRD a:lJUL Uti 0-3LLti-3'YI11~tl~R OlJL ~R1ft'-3 R:R1tJ"K1tln11 

~... ff I oilll A LLR:anaon-n Lflft'tJ1nn11tt:2JULtl2J .. 

CM225 

R3N:. 

e::ilun:: 
,lil::&nu1t'1 

. .. 

R3~H C~ 
Lnioe::il" 
a::&nu\l',,tl' 
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.. 
CH3CH2CH2-NH2 + 

n-propylamine 

triethylamine 

HCI 
. $ e 

CH3CH2CH2-NH3 Cr 

n-propylamnionium chlorid• 

triethylammonium 
hydrogen sulfate 

11.1.5.2 UDfi1Y1ff.lAHf!~.~~H1!.lf!!. (~~1-n'EI 11 ~ 1.4.5) 

11.1.5.3 yD_fi1Y1!J.11U!I.H~fL?!!.':'.~.L.fl'R~. (Acylation of amines) 

tnftJEIU~EI"\U.iLEIIUft \u LDfRUlJ!Rff' 'V\,EILLDf~JLLBU !lJ!fl1fl iiwliUfiLUUaLan ltt1l~tf' . ' 

a:ShnJtlJTI D'V\1£l'Ylfl !JilD ~" L i1fl1tJ~n;v, nu El\4 ~uf~ El"n1tlfl1ftJ anta~n l.;',f"fi LLft: 
' .. . .. . . .. . 

\~a:!vl 

a
o 
II •• R'-C-CI + 2R-NH2 a+ 

1° amine 

0 
II •• 

R'-C-CI + 2 R-NH 
I 
R 

I 

2° amine 

.!Y:HJ.~J~~~DJ.!JJ. 
0 

Q-H-c1 + 

0 
II H · ~ e 

~............;..,..,. R'-C-N-R + R--NH3 Cl 
•• 

amide 

0 
II •• 

---:.......... R'-C-N-R + 
I 
R 

2° amide 

$ e 
R-NH2 Cl 

'I 
R· 

0 .. o-Il H. 
C-N.-CH •• 3 

11.1.5.4 yD_ffigJff.JA~Y.Hf.Hf."-f.J!u.~.tH!f!.l1.tf 

uJu~u'lfaTwilsf1RD!1l (Benzenes~fonyl chloride) LUULLEIIUtlflftEil1ti~a"n1tlL1JU~u 
i'alvJiln (benzensulfonic acid) ~"iiwliUi~iJuaLan ltt1l~tf~LL1"Liunu a:iiutJtllnD LLft: 

lr ., • 

"Jfl VlJD'"fl1tJ~n';r.nnuLvu~ui's TrlilsfJftD t,.lltl'Lvu~ui's Twu1 !vl . (benzenesulfo-

narriide) 4"llift:ft1!JJ1 · LLti'lisTWu1!vl~1na:iiut!Jli1Jiiii H ~lultt1L~u 1 a:ttEill 4"5j 
RliUiLiJUn1tl ~"ft:ft1EJ\U811ft:ft1!J NaOH l.i11tlL;1 ~iu:fl'lfsTWu1 !vff~1na:iJunf1v 

/ . .. 
niillia:&n EJ Lh'Vli'tJ a:iJuttil onDlliLntUlJU~Ui'R r WU1 tvl . . . . . 
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0 o-M-cl 
II 
0 

benzenesulfonyl 
chloride 

•• R-NH2 
~HCI 

•• R-NH. 
I 
R ., 

\ -~1 

~ 

. . ...... Limn1fl 

... 0 ~ NaOH o-ft e Nae 

o-~-~-R ------1_. S-N;_R 
· II II 

0 0 

0 ·o-·' M-N-R - II I 
0 R 

NaOH 

'bJLfttl benzenesulfonamide 

'bia::enu 

tJ1iffir.nil\ -Hntl wou'Jfitflt~ 0-3 o:il-u uonfl1111 LLflnti1-3~::l'l11-3 o::ii-ut1;11nD n ~ un ii ;., ... ... ~ .. 
ua::tl~UIJiilti L1untJ~mu1ium~efn (Hinsberg test) 

u·- ., .. , .. 1DR'f ... ., ., 
11.1.5.5 .. Sl!1!Y1!JYJ~fl~.~--1!.tt!'-. ... ~ .. rl1! (~"11.1o 8.6.2.3 t~o 5) 

tJ~ffiu1t~0-3o::ihn.IJ1l1Jih1u"~f71fvsiiat~o-3uesllrtlun::fl'fnu Lth~tl~mu1L~ll 
il1flilolvhfLi1"lifnfuoila 'l1-3tioJJ1l1n1'nlitni1l\fo'Uw-ulf~il~-ucfi C=N L1un ivu ', .. ~ . ... 
(imine) "1o iv/UJtf (Schiff base) 

ft1"1uo::ii-un~unil Li1o,1tiQifttnnuuss~lrtl"1ofl'T~u~il H ~fl1fuo-u~1u"\L-3 
~ '\J . . . I • • 

ueav/1 ~::li6us~iiu (enamine) Lntl(-u 

11.1.5~6 1-!D.fi1Y1!11!7!i~~U!Y.V.Il!liJJ.if (Hofmann elimination reaction) 

LilutJ~mu1n11Rft1UU011L3JL Uu~ltrtl1Dnl'lfti~~flfi1Jil (Quaternary ammonium 

hydroxide) ti1Ufl113Ji'oul\fuoRfiu 

o::iiuLntln111.1itlLtlUfl1-3llllti L \lo-3~1nl'llJ -NH2 ";0 -NHR. Lii'ULtJRLLOUft::LiJU ... 
leaving group ~"at1u1n ~-3nnLtJar.~ul\fLilu"li~"fttlJ1tl Lfltrrl1tliin;u1nuuJna ts Te lfll 

. ~ . ... ~ ;., 

lt1LniouevTu,Qnuurtlalvflflnnii (quaternary ammonium halide) . " 
•• e le R-NH2 + CH3-I .. R-N(CH3)3 + 2HI • 111mfl"wa • • 

I 

: 
M~flU1n M~.tlu 

UBU Tv, Ut/UUrtlaltflflnnDLil-uLnft O~'Y1Ufl113Ji'&umnn11USU ru,anutrrf11B nt'Jil . " 
'""nnii '-3 \ \f ,,t.J1iffiu1nu Ag20 ua::J1 LtJa uu l \fL iluusu Tun1nu llif11B n t !tlv"" nnii . " ;., . " 
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• ' ... ., ... .... ., ' ... .... ... 1 ., .. ) .... ., 11 , Lll£1 fi11Jt111li1EI'U."'::Lntln1'nJ"'tl tl~LU.JftfltLtJUD'Bn11UU (Hofmann product Lnfl'Vi'U.C t.'Vi 
.. ...1 , , IIIII ' ... ... ..I... ..I ~ _, t ... t 

1::Y\11~t1111JEI'U.fl1LL'V\\1~UBftn1LLR::1JfJ1· Y\LL£1ftt1'U.LLUU'Y1lln11LLf1'U.flfl'Vi'U.1J::~'U.Eitln11 (less- / 

substituted alkene) LLR::e::ii·'U.flfltliJii 1J~ffirJ1d'fietJ~ffitJ1n1T!JiflL\UUD'BWJiuu 

R-~(CH3h 19 + · Ag20 + H20 ... R-~(CH3h Et,~ + Agl l 
quatemary ammonium 

iodide 

H09~ 
_lb:LJ~- tm..fDII 

I .c;~(CH3)3 
quaternary ammonium 

hydroxide 

· .!1.1tJ.dJ~~~mYJ. 

quaternary ammonium 
hydroxide 

alkene 3° amine 

H 
CH3-c-CH2-CH3 

I . 
1500C 

H2C=CH-CH2-CH3 

Hofmann product 
95% 

CH3-CH=CH-CH3 

5% ~(CH3h 9oH. 

11.1.5.7 JJD.fiimff.2AP.!tJ.lY.rtf.tr (Reaction of Amines with Nitrous Acid) 

If ., 1'1 ..I ., • ,., ... ... .. ,¥ ....~, ... ..J 
n1fl 'Ufl1&Y (H-0-N=O) Lu'U.n1fi'Y1ftfl1tlfl1~1tl i1.1\ftfltl1 flfl~Lfl1tllltt~'U.-unt.::'Y1 IIJJTI1 

tJ~ffitJ1 "'1nft11ft::ft1tl NaN~ nun1flLLrifl :o-5 °C 

~~fi1!JJ~~~HR!~~~n~~P.Y. 

n1fl tunf.m1tJ~Mtl1tltJUBSU W~ne:iiuan~m::th.:t ') 4~ \,Yuen~~JJ\lfl-u fl~ e::ii'U. lti 

1°-U::ii'U. + HONO (Lih~)· --> N2 (LLflft) ~1nft11ft::ft1tJ\w 

2°-e::ilou. + HONO (LUU)·---> t1fl1tJJ1a.iUIL'V\ftEI~ (N-nitrosamine) 
... • 1 • t ... 

3°-EI::li'U. + HONO (LtJ'U.) ---> R"l1R::R1tlt.ft (-ufl~LnREILLEill liL'U.tJll) 

tJ~tnu1Lfifl~1ou.Ln9ea::il'U. 1ttvtuf,,.T'lf,avvuflfltsssu [n.itrosonium cation; No<•>J 

. "'1nn1fl 1un1« n1ti~Mtl1tltJEI::iiu \~o'U.~ttsfilLfltJ~ 

454 

I $ 
-N: + N=O 

I . 
amine 

$1 .. 
-----~ ... ...,· > -N-N=O 

I 
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UE1RUW~nD=iiu!l~11nDtS~ii H 2 o::tlOll~loultl'l"L''U LWtllthflD'U lfl'tuff11f'lfD=iiu ,. v 

(N-nitrosoamine) LLR::n.J;uouutJR~fiol\\L"nio tflEJ=f'lf,UtJ11 (diazonium salts) 4~,3-iLRntl'l" ' 

ft'ft1tlfl1Llfunw N2 LLDftnDDDft LLR::UOftftU 

H 
G>J •• 

-N-N=O 
I 

H . 
I .. 

-N-N=O ~ ~ ~ N2 + alcohol + alkene .. 
H 

N-nitrosoamlne 

- [0] .. [OJ •• [0] ,p 
R-NH2 R-N-OH ~ ·R-N=O .. R-NG> 

I 'oe H 

1° amine hydroxylamine nitroso nitro 

0 .... ~'1 I' '1 .. ., ..e ... I 0 .... '1 .. ... 2 o::a.~ounnoon-JJ Lflft' Lfl 'llf)1EJnWJJBE1:11U (hydroxylamine) R1'U 3 o::a.~ou ~ofiEJ:-1/u 
~ 

aant'lfl (amine oxide) 

R 
\ 
:N-H 

rf 
2°amine 

R 
I 

R-N: 
\ 
R 

3° amine 

CM225 

[OJ 

[0] 

R 
\ 

I N-OH 

rf 
hydroxylamine 

R 

R-'r$-& 
r( 

amine oxide 
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CH3CH2 ,e e 
CH3CH2/N-O 

CH3CH2 

11.1.& t.lfi ms1!1B"un~aa::iJ" 
11'"- , .. .. • T 1w .. , -s 11.1.6.1 .. Alr1!Y3D11U11H11tl1!!.1!.~!'!!1 .. f!! .... .fl.t11~fY.!§ ... H 

VIJiD~DTu Lil~~1il~Lint~1o~~u.,~ua::n1~~"l~eLanlt~1l~a'Li'1~",LL~u~DDfln v ... 

ua::mn (o,p director) 1l~ffitJ101';JLnttlflullltio~l,Yfi1Li~ t11u~u~ooi1Y1, 'Vi111YJnLL~~~n 
LLYl~;fttl~llfl . 

(excess) 

9 acetic acid 

COOH 

NH2 Br*Br 
Br 

2,4,6-tribrornoaniline 

NH2 

Br~Br y 
COOH 

4-amino-3,5-dibromobenzoic acid 
82% 

Ltl\'\i'utJnmtJ1~iin1flLiJ~i1L i~ \'\li -NH2 ';J:113Jn1J liJ1fiD~LU~\'\aj -NH3 + ;A~ 
~ ... ... 

LU~\'\~tl~aLanfl10\\ n1L~1~Luu'i~l1tiotJ~ffitJ1n11LLY1~~11'oua~ LLa:n1\'\~flLoMBLinlfl1 
Lf4aL\'\liti'1~tl1LL\'\\L~UJf11 

~On';J1niuM1iD:-Dfuu~n1L~1~LL1M1UnnoorililflB~1tJti1tJ n1fl~LU~tl1Don'iltta • v ... . 

L-iu n1flL\\Yl;n D1';JD£ln'Blfltm1i -NH2 L~a::iitJ1imu11\\LL1~ 1~la.iLnfln11LLYl~~ti1uM1i1u ... ~ • v 

. Tn1lt1u HNOJH2S04 l~usiii'u (aniline) LiiD-3';11n\'\~D::iilu'lnoonlilflatl1tJn1flL~Yl;n .. 
O NH2 . cone. HNOa _ at~ 1 

-- ~~ -NH2 Qf'DOn"ll~flll 
~ cone. H2S04 

11.1.6.2 unti!l!.1ff.2:ln!f!JY.nf« 
UD T1U·JJfins:Dutlf11{}D n111Qfl1o1nUn1flL\\fli'ftL~Lnaous'u 1flD:' r..,, UtJJJ 

(arenediazonium) IA-3Ltm tJ1L ~Wl1ft::R1tJflii~m"IJll 0-1 0°C ua::ii Lftil tJ1111'Vill1nn11Lna o . 
UD6LfJU1flD:f'lfLUtJJJ "'1DN~1lllft~ni1dt::ftft1r.Ji1 . ... ... 
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~aj~,a~r~atJv <-N = N) -;nnLniauD1a~,a~r'lf,atJve~nU.t1-u~l~t11u-H, -aH, -eN, .. " :r .., ~ .... "' .. .I .,.. ~-~ .. .., I ... "' • UatU.lJLtU';I'U. fl-3'U.'U.';I-3.L1JL9l1tl1JR11u1ttlil1Jt1111'1\Jn-3n1f'U.fl1-3 ') ~91 L1fl4 

CuCI _.. Ar-CI 

CuBr Ar-Br 

Kl 
Ar-1 

Diazotization 1. HBF4 Ar-F 
HONO -., ~ 2. fl11MD" . 

Ar-NH2 Ar-N2 -
0-5 °C H3o• 

1° aromatic aminee dlazonlum salt 
~" 

Ar-OH 

H~P02 Ar-H 

~.CuCN · ,. Ar-CN 

~H;.,._-..;..;.Ar';.,.__...., . Ar-N=N-Ar' 

11.2 uoaA1ao!ltf (Alkaloids) 

UDBfl1BDtJl LiJucn.,-tl1:nau,1ntr11111f1iin~11lV~qj ii N 4-3ft'1ulV~qjii"11UiLilu 
L1J" LLa:1Jnd~Junu~d-3~a-31-3LLV11'U.LlJLt1a11liJJflanlulfl1-3ft'i1-3L~Ufr1ltiLfl1-3wl1-3fiaui1-3 
-iu'liau 17natilu.,-t1Lnaa~a-3n1flaun;6 L-iu n1flEJ~~in n1fl111in n1fluanin n1fln1frn .. .. 
1n (tartaric acid) u.a:n1flUtndin (tannic acid) LiJuiu 

LLaafl1a a utf"nfl '\~,,ni-3ii~1fllf-3?l1f ,a~..-. u.a:if11111Lanaii "11uii L:a-3LL"-3 
~ ~ 

LLft'fl-3~a't11-3m11'YlU1tlafl'U.U.a:ifl1 LLatl'la1tJ1JUfiLU'U.~~fiai-3ii~1fi~'U.'] 
"' I • ...., .I - ... ., ..... ,. ... I.., L"'U.LLU-31:1'111-3 uaafl1a a utlnu cn1u1:n aun111111t1 au 'Ylll L'" Lfi1L ';I'U.a1, Lll1ffl L ,'" 

un LLaafl1aaUtl1J1-31JUfllaj£i'\ultt1L';I'U.l'U.1-3LL~1'U. 1J1-31Jitfllliltill1';11nn1fla:iil 'U. fh"fi1'U.t 

aanlBLfliu~a-3 N luu.aafl1aauf1w1ulV~niLiJu -3 LLfiU1-31JUfiLiJululf11L';J'U.';Jflflf111ii LLa: . ., ~ .. 
mnu:aan'BLfliuLiJu +3 R11t.h:nauU1-3tl1tL11't1LLJ,:ij"1JUliu1-3tl1:n11LLUULLaafl1aauf1 
LLfinlajnnifl111Jatlluna1J,a-3uaafl1aautf L~u it1flilalntf n1t1itiflian cn.,-tJ1i~1u: 

.. .. ~ :.1 

1tt1iiu J1tnau.aanatran LiJuiu 
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... ... . ~ 
11.2.1 n11'L1'Un!JDUiU::n1'1\l1LL14nLLDafl1aD!JII 

!11 ... tt~ ... ~ .L.. ~ -- ~ ... -' ~ ... 
LL£l~fl1LUltJtl LlJ\UilJ L1ln11L1tJnD£lft1lJ1::1J1J "' IV\11J'I£lW1lJqJlJYllJ1V\~1tJLL1J1J 'IJ~lJ 

an,;m::i1lJn~£l!h~V\\(~fioa~n1tJtl1tJ -ine, -idine, -anine LLft::. -aline ,.f~ ')~ftnHm::'n1~ 
Lfliillifi£l!JL V\ij e~rr~L fh LfiUn 

1. '1vnfl1V,n1fi.Jrf1,Ufl LfiUa~ft1'JlJSna (genus) V\1£l1~fl (family) -ne~~~lf~11 .. 
LL~::ifli L -rl~· strychnine lJ1';1101LlJ~fl~1fwns Strychnos LiJ~ti~ . .. 

2. '1vnf11VRnl!Jm:n11fJEJ11BUEJ.J L-rl~ morphine 4~ll1';11n Morpheus V\1£lLYl'Vi 

LL \l\~fl11lJ iJ~-n e~n1n 

3. '1vnfl1VIT~luwu L'Ji~ LL£l~fl1aeutinslJ pelletierine lJ1';11n~a~fl'~VilJ fie P.J. v .. v 

Pelletier LLS:: nicotine lJ1';11n1%'nn11'n .. N~~LfiR Jean Nicot ~~\t1U1R1JLi1ltl v . v v 

t.I1::L YlfiN~~ LfiR 

';11n~ns11L~flD~LL1n Liia~';11nllift'llJ11nL~ittJ1lJ~11aJ82JUifi1~'J,.El~LLaftfl1~au.l 
li,.f-3V\llfllt1 ~~~1LL~nR11LV\S1d'LiJ~ true alkaloids, proto alkaloids LL~:: pseudo alkaloids 

11.2.1.1 .T.rnft~tls.C#LQ/9~ 

LU~LLaftfl1ft a ufi'fl1lJfl11lJV\lJ1 u LitllJ fi a Rfl1Lfl1~ wi'1~-iu.fa~ ij R2JmhiJ~L1J w v 

a::flelJ-na~ N aut~1~LDL'na1,-l'lfflin Vi1JL~~1f1J1~1fitflt~,-1.1Lnae-na~n,.fla~'n1rf ii~,; .r~ 
v v 

rhL UfllJ1~nnn1flo::D1 ~ Lfl!JL~Vi1::n1flfl::jj1 ~~LiJ~1~ L-rl~ (-)-strychnine 4-3lJ1';11001fl£l~ 
D1~nrufruu4u (tryptophan) 

05
HOOC 

~ 

. 
N 
H 

NH2 

n1flo:ill" L-tryotophan 

> 

strychnine 

11.2.1.2 f.IJ?!f!.f!!!l{tAtCJ.~c!.t! 

Lil~ueafl1aautffl.r~n,LitfllJ1';11nn,-tla::D1~LLa::iiwa.~ufiLil~LusLi~Lilu1nuLLe~fl, 
aautfun LLfith~n~~O::flfllJl~Lfl1L';1~llilti~iJ~n~V\\t~-ua~1~LLV\1~ l~Lfl1L';1~DU~Dn1~V\1a v . 

lliiiLS!J L-rl~ ephedrine LL~:: colohicines 4-:tlJ1';11n·n1flEl::D1~'vluftEJ:ft1UU (phenylalanine) 
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.,· ./ 
vr~.~ 

n1t1o:lil u L-phenytalanine . ~ 

OH 

~CH3 
ephedrine 

0 

OCH3· 

colchicine 

11.2.1.3 e!f!.'!.cJ.CJ..EA{Js.,!gfg§ 

LthULDRfl1tUltftl~ijR1JUll\ihuuRL-iunu LLtltlUfi1LfLfll~lti11111nn'IfiEJ:D1u LiU 
.. t; ~ - .. .. 

caffeine lltlUr •1L Ufl11nL1JR' JVtJI'm 

\ . 

. okN/1 
-t{ ,_N rN\. 

caffeine 

..r·.~ •• .. ... -....r 
UDn11nUEJ11,1LLUnJJ1:Lil'YILLORfl1ROtffltl11JLnmtnfl1~ ') tl~U 

1. fl1111~uvn1nf'I'JIIIJif'I'JIIV 11n1~fl,.,;EJRnRfi11J~uiVt~LLR:ifl1 L -iu cinchona ......................................... . . 
alkaloids, opium alkaloids LLR: ephedra alkaloids . 

~- ..s •iJ ....... 
2. .~1.~H.'!r!1~!!l~?J!l/1. L"DU analgesic alkaloids L ULLORfl1ROtffi'YI1J~R1J11L'YI1 

tl1fl LLR: cardio active alkaloids LUULLEJRfl1REJtttfl1NRtiDn11'Y11~1U,EJ~i1l';l 

Lilutiu 

3. fl111n1:VIUn1-miB.J,flTI~M ';l1n 1fl1~m~~LiJU&n1·L;1Jfi'ULUnft1JLLEJRfl1REJtftl .............................................. . 
~ ..s . iJ .-fill iJ ~ .. .., ... 

UU') L"DU morphine LLR: papaverine L ULLEJRfl1ROtftlTIL UDU~U1MJO~lnUfiD~ • 
1111 

fi1UU 

4. fl1vft'nl!lm~n1.J,flii 4~fl';l1nlu1fl1L';lutu1fl1~rn~ ut.i~Lilou 2 nti11 fiEJ ,,n~ ................................ .. . 
ij1~LtJL 'YlEJ 11l1Jfflftn ·~Ut.i~fl111~fLfi,0~1~LDL 'YlEJ 11liJJflftn~LiJU1~fL1LflR ttRl U 

1fl1~m~ LLR:UEJRfl1ROttti~l~£b~LtrL 'YIEJ 1 1l1Jfflftn 
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11.2.1.4 .L.L.f:J.~f!J!f.J.tJ.{.~~'l~~r!}JlR.f1.7.!f1~.TJ. (Heterocyclic alkaloids) 

ltiLLfiLLElRfl1Rar.Jtf~Sjlulfl1L~-uLihut1'"~\1~1JEh11~LL'V\1-u LtU-u · 

i) Pyrro/e -.,;a Pyrrolldlne alkaloids 

LU-uLLaRfl1REJr.Jtf~Sj1~ pyrrole ~;a pyrrolidine Lil-uil1l.flftr.JRl'U.lfl1~tn1~ 
lti'LLrl hygrine tA~v.ul-ulu lfllfl1 (Erythroxy/um coca) 

0 
N 
I 
H 

pyrrole 

0 
N 
I 
H 

pyrrolidine 

ii) Pyridine -.,;a Piperidine alkaloids 

0 0 
H 

pyridine piperidine 

0 c::v-
1 

(-)-hygrine 

LU-uLLaRfl1ROr.Jtf~Sj1~ pyridine ~;a piperidine LU-uil1Lflftr.JR ltiLLfi coniine 

ft"l'TA~nti'wivaDfl (hemlock; Conium macolatum), illflfiu LLR:: anabasine 

(LLaRfl1Rar.Jtf~1nr.J1RtJ), pelletierine LLR:: pseudopelletierine (LLaRfl1RElr.Jtl ., ' 

~1nL1.1aanti'wc:~::n.nnufl114~5j~n~nuwr.J1iti1f1fl) 

,(1H Cf? 'oW w ..-N~o N ··,,/"'...., \ 
N 

H 

460 

N 
H 

( S)-coniine nicotine anabasine pelletierine pseudopelletierine 

iii) Piperidine (Tropane) 

Lil-uLLaRfl1Rar.Jtf~Sj1~ tropane Lil-ui11Lflftr.JR ltiLLrl atropine (~1n Atropa 

belladonna)t hyoscyamine (~1n Hyoscyamus niger) LLR:: lflLfl-u (~1n 

. Erythroxy/um coca) ~.uiJMLLtlRtl1Rar.Jtf~0NRtio1::1J1Jth::ft1flR1-unR1~ 
LLR::1::UtJ1.11::ft1fl Dfl t -u~M 
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31
0 

- o-Q-
~ !J 

atropine icopolamine cocaine 

iv) Quinoline alkaloids 

LUULLanfi1LUltltl~li1~ quinoline LiJuil1LflitiR lti'Lui fl7iiu~nnu.Jsaniu 
Cinchona ledgeriana 4~Lilu'A~aL4aV4ft1RLliLflttli~LiJUtflLVlfl,.a~l,jiuiu 

" 

co 
quinoline 

quinine 

v) lsoquiiJoline alkaloids 

iJ .. ..I!!! iJ • ,.. ll ~ • .-:"'!'' T ., L ULLElftfl1ftEltlflfl~1~ isoqulnoline L UU1Lfl1'4ltR LflLLn 11EJ1nU 'fUfJEJU 

(codeine) un:JV1JY1,?EJ;'u (papaverine) ~nniJu (Papaver somniferum) un: 

.curare 4~LiJum'TA~tu~1fLmi~~VlnauJimtti (Chondodendron tomen~m) 

~ 
~N 
lsoquinolfne 

CH30 
CH30 

· cH3a· 
papaverine 

HO 
tubocurarine 

morphine (R = H) 
codeine (R • CHa) 
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vi) Indole alkaloids 

Lil~u.aafl1aautfflfj,-:~ indole LtJ~ihLflitJw ltiu.ri Bfl1niiu ~nn'tl'~wfl1ni1~' 

(Sttychnos nux vomica) ~-:JLU"~~El1:1J1Jth::R'lfl, ·psilocybin ~nnL~tl;ffll1tJ 
(magic mushroom) u.a:: bufotenine ~11nfl1-:Jfln 

0) 
H 

indole 

vii) Imidazole· alkaloids 

8 .. ~0 HO'&>r-
H 

psilocybin 
(:Psi/ocybe mexlcana) 

~ 
H 

bufotenine 

!'I .. ..~... !'I ...... ""I A'l" 'I 
L1J~LLElafl1aatJtlflli1-:J imidazole LlJ~~1Lflauw LfiLLn pilocarpine 'lf-:1 Ltr;nn L1J 

tl'~ Pilocarpus jaborandi LU~tn1flil~an1-:JL1li'lfifltJ1 

HN~ 
~N 

imidazole 

--\ ~ 

<~J''··c)=o 
N 0 

pilocarpine 

11.2.1.6 1~P.flf)J~.fJ.tltl~lJJ.~J~~1J.~!J.fJJl!l'P.fJ~.V. (Non-heterocyclic alkaloids) 

LiJ~u.aafl1aatJtffllliib-:JLL\'\1~LfJLflEJ(1l'1fflftn L-i~ f.l.;iJ.HHf.l.fj.~!.(fJJJlfl ~-:~s:Jl~l911L~~ 
a~fll'li-N1-:11-:1 ltiuri ephedrine alkaloids Lil~usafias:Duflii'V\liLv-litau.fl~fl L-i~ 'DYlfl1u 
~ . ~ 

(ephedrine ~1n Ephedra sinica) ua::n~1Jtn1flil~aa1n111h::W1fl\'\aa~ L-i~ UJBfnsu 
~ 

'I , .., .- T .I .., .-...! 1 "· 1 
(mescaline) ~1J L~n1::1JEl-:JL ~1f1\'\a1tJ~~~ LfUJLQ~1::fl~~~TI1 L 1'\1J1::W1fl1'\CUJ~ (Lophophora 

williamsi1) 

UJBfJ1SU iii11LflitJWLL1J1J p..phenylethylamine flft1U ffltl1Du (dopamine) ~-:JLU~ 
tf11R-:Jn1::LLM11::tnfl l ~W11El-:J U.R::flft1tJUBfi'Jl' u,Y,.U (norepinephrine; ft11R-:Jn1::LLMJ1::W1fl 

l ~,::uuth::W1flnfllii) ,,a.~..f-:~ft11n1::tf~,::uut.l1::11fln~na1-:~ .L -i~ us au Ylfi1Du ua;W11 
... .. . .. 
R\1Lfl11::1'\ MDMA 1'\1Ell11B "ecstacy" 
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OH p . v-NH2 ::::~NH2 oX 
H 

(~N, 
0~ I 

,8-phenylethylamine OCH3 ' .· ephedrine MOMA 
(Ecsasy) 

mescaline 

Colchicine (i1-ia 11.2.1.2) LiJua::ihi.LL£l~fl1~autl~ihvLL~1'U. 3 1v 'tl';).1n~'l.La 
autumn crocus (Colchicum autumns/e) li1J11Lfl1£l1n11elnLLruLLft::fl111Jtbtr;nn11flLn1fl, 

~ ~ 

11.2.2 n11'ftnt~ n11'LUJn LLatn11'an••auuoafl1iiDIIfl 

n11Ln1 t1 uun LLft::n11'Y11 t 1-fua&fl18BtJtl1J'iHniL uun1::u1un11~fi au-i1v tiv u1n . .. .. 
..r .., • .,l,.. .. .., .I ~ .,l,.. .. • .4 L 'U£lv';)1nt~1 a EJ1vfl11 LL£1 ftfl1ft a EJfl1Jn1J1::nau .. 1 tlft11~ftllfllJ LL£lftfl18 aut~~ ft1 u-n"Ut~ 'lfv £11';) 

th::nauti1u,Yut~authv ') ltiLLrl 

0119111';)~1UBftfl1ftBEJfn'U.R11tl1BV1vti1EJ1ifl1vLfl~ 
... .Jtt"'• .r 011Mlfl 011LLEJOLLft::011TI1 L~1J1ftl11r .. 

n11t~11';)ftauwl1Uln1vn1EJ1l1~ L-iu Lnn"U:: ; 11.J~an n11~::~1u 1w w11l1il .. 
L~vLLRv Liluti"U 

n11~1\ffi1Lfl1vrnv ltiurl ,r,~\l'n LliLftflft \itJ~mu1LfliiL rJafl11';)RB1J~1'"1'" 
~'Un::fi ~li~vniu~ilaan'L';)'U ~itt~,avl u1f11L';)'U.B::fla11 LLunw~1u LliL~n~ .. .. . 
LrJat~1i:uu1fl1vmv~1.11::nauti1u-iallaLrl'avtiuivnth1 LLft::ti1in1v~1EJ1l1~ .. .. 
1t~uL~~1::1in1vRLtln Lfi1R1ntl L~B~1Rf11Lfl1vrnv L-iu uv, IR, NMR u~:: .. 

:'1 ... 
mass spectroscop~ hJ'U.fi'U. 

11.2.2.1 ~~~!JJ~DJ!J!J:l~. 

ua~fl1ftaut1ft'1UL~q)lliili ~1nll Lilu~fin,avu;iv unLiu berberin ~viliL~aav 
Uft:: coniine 4vLU'U.,BvL~ft1 Lt~EJi1ltJlli~::ft1lJ\l1 (EJnLi'U.LLBftfl1RBEJtl,BvL~ft1~~::~1EJ 
Ji) LLB~fl1~flEJtlft::~1ulutl'1n1ft::ft1uoun1u L-rlu fl~al1"Wafll iiLnaf ua:LanRLLaftnaue:nf 

LL £l ~ fl1 ~ £l EJ tlL iJ 'Uft'111J11ll~1 fi1v aJ n £i ft'liUfl L ~v LLft'" (optically active) R1'U. L ~ qJ L1J'U. 1::U11J LLft'v 

· 1~~1l1'1fl11't11v-i1u (levo ratatory) iil1'1v~L1J'U.LLft'vll1tl1'U.,11 (dextro rotatory) L-i'U coniine 

utiiiu1v~Ufl 'liiiRliUflL ~vLLft'v L ~'" papaverine 
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\ 

""' 11.2.2.2 !17.1!'.f1"-1J.J:!Y.I.1~J.~N 

,.. _. I It nl-'~t ~ .., .I " 111 1 .., ..I 1 .. !" 
1L £l L ';114fl ft114 L l'h~t f1 L~fltl ft£l1J1ln u1:n £l1Jtl1 U Lfl £l £1141.1 £h1 ftV\::V\141'1 L VHlL l'\LL£1 ftf\1 

anuti'LntltJ~ffiu1nulaoa14LV\fhii\\\'ft11L'·~•n14ith~ ')li Li14 

Mayer's reagent: ft11ft:ft1UL'l4:.J1~n~ Kl, Hgl2 ua:n1tl"L14fl'in L\\'fl:no14ifl111 

l 14RTI11:n1tl Linin u 

Dragendorff's. reagent: U1:nnut11UW11ft:ft1U 2 ~ilfl tio Bi(N03)3 114 

W11ft:ft1Ufl1tlD:£i~n LLft:ft11ft:ft1UL14.J1,£l~ Kl l\\'~W11ft11a:a1Uff~wn~L'l4 
otln R114 ~n1V\14flrl n14 \11 ltJL int1wau (L \\'t1:n n14ii11) 

Wagner's reagent: ft11ft:ft1UL'l4.J1,£l~ Kl ua:ln 1nt114 (L\\'tt:nn14R,r1fl1ftV\;D 
... 
\11fl1ftLLtl~) 

... ' 

Hager's reagent: ft11ft:a1u,a~n1tl picric L14l11 (L~fl:nn14RLV\S£l~) 

11.2.3 ii~i"Lfl11t\4'uoafl1aoatf 

.., ... A ... 1 II , .. "' • iJ ,. • Jlll II I 
';11flf11lfl11£llr1J1UftfiHlU: fl1~ft11~1.1£l~LL£lftfl1ft£lUtl111fltti14L 1£lU ') L 14 Lu Ltl11ft11 

L~11LL 1n~n~n11~1R~Lfl11:\(LL£lftfl1ft£l utfV\ft1U~ilfiLU14fl1tl n:D1 14 ua: a:D1 14Unat1lt~tf 
.. .. .., A A1 I ~ • 1 II ........ 

V\1£1 O:ll14f1 L fltl';l1flfl1tl £1::11 14L V\ 611414 L 14£l~';l1n f\1~ R11~~ fl~ LL·a ftfl1 ft £l UfUJ ftflHnL: 

V\ft1flV\ft1U in11n~n11R~Lfln:\{unafl1ftautfn1';liilt1V\aiuw11llfljl14 n1ttn:iil 14R114LV\qj~ 
LU14ft11L;liLL1n~n~n11~1R~Lfl11:~.luri ~R~u (lysine), 'vlilREJ~R1UU (phenylalanine), 

~nT1'iu (tyrosine), nrufnuv/Jr(tryptophan) ua:EJafilnu (ornithine) ·ti1nth~L-rl14 

LL£lftfl1ft_nuti'~lt1';11nn1ttn:D1\t. ~fll~u: l.lurl pelletierine ua: pseudopelletierine 

unafl1anuti~lt1';11nn1tln:ii1 14' J'filRa~R1iZu ua: ~, T118u: liLLrlna11LL£lRfl1anuti' .. 
~ii1fl1~rn~ LL1J1J ,8-phenylethylamine . 

.. ..,,. " ... 1 ~ IT. •• 1 '..!': I ... - ... ""' LL£lftf\1ft0Utlf1 Ltl';11flfl1fl£l:ll 14rllll,riUnU: Y1LLfl fl'lUU LLft: BfJ1nUU 

uaatt1aauti'"l,i·;nnn1tlD:iil'l4atfiinu: ltiurl tropane alkaloids L-rl'l4 LflLf\14 
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. ~ .., .. 
LLVJJHD111!)1Jflfl 11 

• ..e "" .. (1) u~an"1fiBlJ'Yl\)nfla~ 

.... . ... t ... ... ... iJ .j .. . 
1. UJOll[J L14~1 a:1J'Ullft'1J1JfiL 'UL'lJ'ULfl .. 

(1) LtJREiau 

(3) n1f1Eiau 

2. ft'11tialt.ld'LiJu •........ 
CH3 
I 

CH3CH2CH2-N 
I 
H 

(1) a:iiut.IJ111Jii 
... ... ... 

(3) a:11Uflfi!JIJ1l 

3. ~aft'1a7ru~a~W11Lwia 2 fia~aLfl ., 

(1) dimethylamine 

(3) propyl rnethanamine 

4. ia LtlLiJuua l1LL11ilna:iiu 

.. 
~NH2 

<2>v 

--~~~~2) 
0 ~ {1 H 

(3 \ 

physostigmine 

'6. .,, iJ ·"" 911 fiL UL1JRLLn't1Rfl • 

(1) 

a-H 
•• CCNH:z 

~ 
(3) N02 

CM225 

(2) L1JRLLri 

(4) LiJUn91~ 

(2) a:iiu nil till ii 
. 1 .. 

(4) a:l1Jtifli1EJ1lii .. 

(2) ethylpropylamine 

(4) methylpropylamine 

•• 
NH2 

(4) 6 

,.iJ ~ (4) 1JL U'Yl~ 1, 2 LL6: 3 

.. 
(2) 

ONH2 

I[J 
N 
I 

(4) H .f. 'l 
·. ~ 

465 



7. o:ttD11,.£HJlulfl1L~'U.L'U. ~so (lysergic acid diethylamide) o:tloliLfiLiluLuwurlfl~fl 

. l .. 0 

<;J 

(4) LYhnui-3 1, 2 LLa: 3 

a. Wl1th:nnutia lt.Jil'iiJ,~un L11LanaL Yi~nou~;a tnaLf1u-3nou i1 Lflii~flLilof1~1flwflua: 
" " " ..1 A ., 

ft -3 'Yl fttl 9'1111 ..,, tl1J 
'II " 

(a) (b) (c) 

(1) c ua: d (2) d ua: a 

(3) a ua: b (4) b ua: c 

9. n11L1u-3a1tiu~fiLfl£Jtl,.~-3ft1W1:noufiolt.JdLiJuati1-3l1 
" 

CH3 
I 

H3C-C-H 
I 

(d) CH3 

1
CH2CH3 

(a) ·H-N 
1
CH(OH3)2 

1
CH2CH3 

(b) H-N (c) H3C-N 
\ 
CH2CH3 

(1) b >a> c 

(3) c >a> b 

1o.tJ~n;u,~nltJ~iW11Lfl 

(3>VN=N-Q 

CH(OH3)2 'cH3 

(2) a> c > b 

(4) b > c >a 

CH3 
I 

(2) H3c-9-~-N 
CH3 

0 
(4) o-/J ~-NH2 

' 0 

(4)0 

12. tJ~n;u,~111tounLfliiYhutf1fltfnflft1El1Jfl111JUtlnth-3,.D-3ft11ti1:L1lno:iiou 
(1) Hofmann (2) Hinsberg (3) Gabriel (4) Mayer 
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... .. ~ .... ... I 'I ..... ... .. 
13. 'l'LelL';JUflfl1111JelUnLfUJ'Y11ULf1'Y1 LIJJ'Ylf1Wel1JUDRf71RDl/fl 

(1) Hofmann (2) Hinsberg (3) Gabriel 

14. tn'l'tf~tiulu~~ffiu1tialtld'LiJuft1'l'Ltl 
ONH2 

? Sn,HCI 
~ 

0 

(1) ~NH2 (2) erN~ 
~ 

(3) 
OCN 

15. tl~ffiu1tialt1iftfitn'l'Ltl 

Q excess CH31 

H 

H2N~ 0 Q 
~ . I 

CH3 
(1) (2) (3) 

16. tl~mu1tialtl~tl'rnlfl 

. Q excess CH31 A~O., trnufuu ., 

N 
H 

o n 
N 

I \ 

H3C CH3 

(1) (2) 

··-- I 111.1.1' 17. 1J!)n'l'r.J1fla LlJU •.••••••• 

•• 
~NH2 . conc.HN03111 V cone. H2S04 

Q 
I 
CH3 

(3) 

(4) 

w 
N 

I .\ 

H.CH3 

(4) 

(1) ltl' o-nitroaniline (2) li p-nHroanlline 

(3) li,f-3 1 Uft:: 2 (4) lliltl',f~ 1 Uft: 2 

18. Ethylamine n1tl~mu1nu HCI u.~1ltitn'l'Lfl 

(~) <;:H3CH3 + NH4CI 
+ _, 

. (2) CH3NH3 Cl 

(3) CH3CH2NH2 + CC 
+ -

(4) CH3CH2NH3 Cl 

CM225 

(4) Mayer 

UN3 
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19. t.l~ffiu1ti a lt.ldttitnnh::neut.I1::LilYI ifl 

~NH2 HNO, v 0°C 

( 1 ) N-nltrosamine 

(3) CH3CH2NH2 + Cf 

20. 1!iflLfl1UlJ iodobenzene lflii~Rfl 
~ 

?? ~-------- VI 
iodobenzene 

(1) benzene + 1-j tl1Li~n1tlR1aR 

(2) benzene + 1-j LLR~ 

(3) chlorobenzene + Kl 

(4) benzenediazonium salt + Kl 

(2) amine salt 

(4) diazonium salt 

21. Benzenesulfonamide ·;nne::ii"Ui14iaitt ~iJR1JimLil14n1f1 . 

(1)' 0 -CH
3 

(2) 0 . (3) ~ (4). CH3CH2-~-CH2CH3 
N ' NH2 

22. tl~ffiu1n111JiflLLtJ1JI1DJ'ivuutieltldttir~1ittLil"~~·u~a~in 

Cf
CH3 
NH

2 
excess CH3I ., Ag20.,. , fl'YUJffl" .., . 

. . 

~CH2 ~CH3 ~CH3 ~CH3 
(1) v (2).0 ' (3) (,) ' (4) v ' 

23. muscarine LU14LLeafnaeutl'~v.ui14L~fl~~ Amanita muscarla i~Lfl11::~YI1~'i11l1V.'ti 
~1n n1t1nat11lin (glutamic acid) ittLil\1 ..... . .. 

CH3 
1$ '1 

H3C/Nvo--..yH 
H3C y 3 

I OH 

muscarine 

( 1) true alkaloid (2) proto alkaloid 

(3) pseudo alkaloid (4) pyrollidine· alkaloid _ 
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.--
\ i 

{(''"'[)=o 
N 0 o~ 

H 
(1) (2) (3) (4) 

24. Imidazole alkaloid 

25. Indole alkaloid 

26. lsoquinoline alkaloid 

27. Piperidine alkaloid 

... A .. ., 41 ...~ • ...~ ., ... n., ., 
(2) Lflli1'11'M1£l,£lfl111Ja~ L'Ufl11~'t1L1'U L1 'MlJnfl£1~ 

1. W11th:n~ufielt.Jdn.nfue-ul-ultlf"'an-41ou1-u ___ e::fiD11 

nltJtri~ ' u~~ 
ialthLL'MU~,D~ 1-rlri~ ----------------------------------------
'Mli -NH2 o!.iloutl1U'MU~ v v ---------

·. ...t 
ft'fi1L11Lana,e~811'UflD 
v • --------------------------------------
to, o~ W11d fi o -------------------------------------------

Camptothecin ____ -nittl 

camptothecin 

CM225 

Reserpine ____ -nittl 
• 

0 

: 0~0CH3 
ocH3 . Y'ocH3 

reserpine 
,QCH3 

469 



3. L~ ElLmtJlJ L n tJ1J~1 pKa ttl£l~Ll.JRLLtia::fifio ltJd tl1 ltlLU\4L1JRLLrin11 
~ 

3.1 (CH3CH2)2NH [pK8 = 10.98] LLa::. CH3CH2NH2 [pK8 = 10.15] 

• 
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