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Ring Opening of Pyrrolidine and Formation of N-Protected
Amino Ketones; Synthesis of 5-Amino-2
-pentanone Derivatives

Myung-Sook Park’
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract—The base-induced elimination of N-protected 2-(bromomethyDpyrrolidines 12a-c with
KHMDS in THF at -78°C for 1h gave exocyclic enamines 13a-c. The acidic catalyzed protonation on 8-
carbon atom of 2-(methylene)pyrrolidines 13a-c with HsPO, formed endocyclic N-iminium in-
termediates 14(or 15). Nucleophilic attack of a—carbon atom and hydrolysis of N-iminium jon gave car-
bocationic adduct (aminoalcohol) 16 from which 5-amino-2-pentanones 17a-c were formed after depro-

tonation.

Keywords | Base-induced elimination of alkyl halides, Formation of enamines, Hydrolysis of N-im-
inium intermediates, Synthesis of amino ketones (5-amino-2-pentanones).
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ketone 322 gt} ?

Brossi%& enamides®] &% %l ring opening
ukgo] g B vl ch® Exocyclic enamines
4= G Fujgtol M JESg o244 ring open-
ingol Yoyt N-acylated amino ketones 5.2
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MeO "*g“" H,0, Meo ”"wg”"
4 60°C 0" Me
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p-giol F& 0l271& 7M1 YUE imides T E

& §7) 284 AA whg-o] Yojdtt, B-Halo ter-
tiary amine®] dehydrohalogenationg exocyclic
enamine®|\} endocyclic enamineg A=z Qe
WiZe] shiolrk” B A¥ola= KHMDS(potas-
sium hexamethyl disilazane) Z213l9|4] bromide
6222 €| HBre] Aol enamines 70} ¥AIE
At

Carbamate® N-acyliminium ion< iminium
ion®r} t] AAAH |7 o] ¥HgAo] At? B AF
o A= N-acyliminium ion (1)% o}uj2} N-tosylz
Fo2 A#d F=4¢ N-sulfonyliminium ion (2)
T AzxHhey, oFEAgME HYHA N-a-
cyliminium ion¢] ¥+8-43-2 #1345},

J\OCHz_@

0=§=0
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ol4t3} Z& B A3 2739 pyrroline#e] 7}
g ukge XE7HA 2ud 8 gloh AA= L-pro-
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£ A N-protected amino ketones 17a-c& #433}
A7 RaEkz} Fel,

Anuy

EE moisture sensitive reactione AZ¥ 8713}
dqiA 4959t 'H NMR. °C NMR 2¥EZL
TMSE W% EFEAZ & Bruker AMX 3003}
400 MHzZ 24502, IR 2¥EH2 Perkin-Elm-
er 13200 2 345}

N-CBz-2-(bromomethyl)pyrrolidine, 12a - Tri-
phenylphosphine (40.9g, 0.156 moD& 0°CellAM
CHLCL, (350 m) o2 &&% 8 bromine (8.02
ml, 0.156 mol)& B3| A7FAH T} 10% ol trie-
thylamine (43.5ml, 0.312 mol)-& W8 Edeld] 7}
it N-CBz-2-(hydroxymethyl) pyrrolidine 1la
(18.31 g, 0.0779 mol)-& wH& Edtalol] HAH3| 713}
o] ¥hg EFAE TLCAIA tiolde] SdEAe] &
AR FEW7HA] AL2AM o 21AZHEL ARSI
t}. Hexane (150 mi)& o] 4k EgHell 7isid, A4
H HdE3E oA AAN S, GHA] etherZ A1A
stqlch. @7 2L filtrateB AUESA7IR, AR
etheroll ¥9it} ol}g2 2218 43 WHisla) Y £
R4 FAHE A} Chromatography (Si0)E o) &
3o wlao) 448 2¢) bromide 12a (17 g, 73.3%)&
AUt 'H NMR (CDCl, 8) 7.35(m, 5H, aromatic),
5.13(s, 2H, CHy. 4.10(m, 1H, CH), 3.65(m, 2H,
CHy), 3.46(m, 2H, CH,). 3.44(m. 2H, CHp, 2.02
(m, 2H. CH,), 1.83(m, 2H, CHy: C NMR 8154.8,
136.8, 128.5, 128.0, 127,9, 66.8, 58.2, 47.2, 34.7,
29.4, 23.6.: IR 3420 cm™ (disappeared).

N-CBz-2-(bromomethyl)-4-tert-butoxypyrrolidine,
12b - N-CBz-2-(hydroxymethyl)-4-tert-bu-
toxypyrrolidine 11b (17.2g, 0.056 mol)¥} NBS
(13g. 130 mol%)E& #FA7! dichloromethane
(250 mD)oll g3istdch. o] EFedg 0°C7HA B
t}-£ triphenylphosphine (19.1 g, 0.0729 mol)& ¢}
10852 A8 Hrispa 2otz Yzo] Wssigirt
ol f+g EF NS F2EHC] Hold EAEA ¥g )
A A&oA of 2dFQt Mt} whE- E3feY S
7Y 5% 9L FTAE chromatography (SiO) &
0] 8-5}e] WAl §-4-229) bromide 12b (8,28 g. 40.1
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%)& 41} 'H NMR (CDCl,, 8) 7.34(m, 5H,
aromatic), 5.13(s, 2H, CHj), 4.31(m, 2H, CH,),
3.59(m, 2H. CHp. 3.48(m. 2H, CH,). 2.09(m,
9H, CHp. 1.17(s. 9H, CH): IR 3420 cm
(disappeared). o - N

N-Ts-2-(bromomethyl)-4-tert-butoxypyrrolidine,
12¢ - 12a¢} He Wg Z=7o g AYPd}o] N-Ts-2-
(hydroxymethyl)-4-tert-butoxy pyrrolidine 11cZ2
He| WA A 12¢ (68.2%)F ANUT. MP 74~
5°C 'H NMR (CDCl,, 8) 7.71(d, J=8.25Hz, 1HX
2 in phenyD. 7.30(d, J=827Hz, 1Hx2 in
phenyl), 4.16(m, 1H, CH). 3.84(m, 1H, CH),
3.80(t, 1H, CH), 3.61(q, 1H, CH), 3.50(t, 1H,
CH), 2.99(q. 1H, CH), 2.41(s, 3H. CHj), 1.99(m,
1H. CH). 1.81(m. 1H, CH), 1.00(s, 9H CHy):
BC NMR 5143.8, 133.6, 129.7, 74.0, 68.2, 58.9,
56.3, 39.2, 37.3, 28.0, 215 IR 3420cm™
(disappeared): Anal Caled for CisHuBrNOsS: C,
49.23: H, 6.2: N, 3.59. Found: C, 48.78. H, 6.16:
N, 3.56: IR 3420 cm™(disappeared).

N-BOC-2-(bromomethyl)pyrrolidine, 12d — 12a9}
2L g zde=E A¥EId N-BOC-2-
(hydroxymethyl)pyrrolidine 11d2 & 9] $4+
B39 12d (12%)& 49t 'H NMR (CDCl,, 8)
4.00(m. 1H, CH). 3.60(m, 1H, CH), 3.33(m, 1H,
CH). 3.31(m, 2H, CH,), 1.98(m, 2H, CHy). 1.79
(m, 2H, CH,). 1.42(s, 9H, CHy): IR 3420 cm™
(disappeared).

N-CBz-5-amino-2-pentanone 17a — NaHZ 72ZA]
71 THF (5 mI)E 25 ml flask®) B3 septum cap2
2 F e o AAZ flushd} iceZ YZAIH T
t-Butyl acetoacetate (0.338 g. 2.04 mmol)-& o] %
£ flaskell H7F8 F 108 52 0°ColA] atslgict.
o] £ -718°CE Y% ¥ KHMDS (0.94mola
solution in THF, 2.17 ml, 2.04 mmol}& H7}3}%
t}. Bromide 12a (0.5g. 1.7 mmol)& THF (2ml)
o ¢ ok 912} W flaskel] 74} o] g Tty
£ Z IVElAA g 258 AL7tR] AMAE S
1AZE ¥ o] whglel] 1 M HPO,S} ether (15mNE
A7rstdct. 8438 ether (10mDE o] $&313,
A 2& §713& F4o] €ud7x] NaHCO£9,
brine (23]), €2 A¥&xn F gl vjfavlgoez A

ZAHT. A8t AZAE AATF AUBIA &
W& AL 244 JAHE chromatography& 5
A Ralste] wWalel 4422120 ketone 17a (265
mg, 71.2%)& At 'H NMR (CDCl,, 8) 7.22
(m, 5H, aromatic), 5.21(m, 1H, NH), 5.04(s, 2H,
CHy, 3.13(q, J=6.45Hz, 2H, CHy. 2.42(t, J=
7.10Hz, 2H, CH,), 1.97(s, 3H, CHy. 1.71(t, J=
6.98 Hz, 2H, CHp): “C NMR & 208.46, 156.64,
136.74, 128.41, 127.95, 127.93, 66.36, 40.49, 29.80,
23.84: IR 3340 (NH), 1700 (CO) em™.
N-CBz-3-tert-butoxy-5-amino-2-pentanone 17b -
NaHZ # 21z2% THF (5 ml)E& 25 ml flaskel] ©x2
septum cap2.2 & 2 o3 A4 flushd L ice=
WA AL, t-Butyl acetoacetate (0.189g, 1.626
mmol)& ©] ¥hEflaskel H7}gF 10% F<L 0°ColiA
kst of §4g -78°CE W ¥ KHMDS
(0.94mola solution in THF, 1.732ml, 1.626
mmo/)& 7}t Bromide 12b (0.5g 1.355
mmol)& THF (2mbol ¥ 8d4& 99 u$
flaskol 7}3ch. o] ubg EFAL F muldlEA g
S g AR A3 SR} 1A F o] gl
0.5 M HPOS} ether (15mNE A7} S443
£ ether (10mNZ ¢} $&331, i =& {715
Aol du7tx] B2 M3 74 4 viadige
2 AzAAY 35t AZAE AATE A3l
A g9E AASFAD. F34 BZAE  chro-
matography & ©|43jA 2e|die] HAe) 4EAU
ketone 17 (220 mg, 55.8%)8 At 'H NMR
(CDCl;, 8) 7.35(m, 5H, aromatic), 5.08(s, 2H,
CHy), 5.06(m, 1H, NH), 4.11(m, 1H, CH), 3.31
(m, 1H, CH), 3.15(m, 1H, CH), 2.61(m, 1H,
CH), 2.54(m, 1H, CH), 2.13(s, 3H, CHy), 1.15(s,

9H, CHy): IR 3440 (NH), 1710 (CO) cm™.

N-Ts-3-tert-butoxy-5-amino-2-pentanone 17c¢ -
NaH=Z A%A)7] THF (5m)& 25 m! flaskdl ¥
septum cap2 2 & 92 thg A4 2 flushdtx &
o2 YA of £d4& -78°CE Wy ¥
KHMDS (0.94mola solution in THF, 2.17ml,
2.04 mmol)& 37}3lc}. Bromide 12¢ (0.6613 g,
1.7mmol)& THF 2mpel 3 £4& $j9) uHg
flaskoll 7t o] Whg EgA g 2 watEA g
22§ HA7A AA3] &Rth 34T Fof o] wHE-o

]. Pharm. Soc. Korea
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o 1 M H;PO,¢} ether (15 ml) E A7b8ict 5894
2§ ether 10m)ZE ¢} F&3l1, ¥ 2& §71%
£ Z/4°) 97X brineS 2 M F< g4k vl
avls2 AFARY, st AZAE AARE 7
gelolA guld AT, £X4 FAME chro-
matography (Si0O,)& ol8-3|A Felsld wMe] &
A9l ketone 17¢ (450 mg, 80.9%)8 ANt MP
115~116°C: '"H NMR (CDCl,, 8) 7.71(d, J=8.29
Hz, 2H. CHX2 in phenyl), 7.29(d, J=8.29 Hz.
2H, CHx2 in phenyl), 4.82(m, 1H, NH), 4.10(m,
1H, CH). 2.96~2.90(m, 2H), 2.76(m, 2H, CHy),
2.41(s, 3H, CHy). 2.11(s, 3H, CHy, 1.08(s, 9H,
CHy): Anal Caled for C,eHuNO,S: C. 58.69: H,
7.7: N, 4.28. Found: C. 59.00: H, 7.85: N, 4.26:
IR 3440 (NH), 1710 (CO) em™.

3 ¥ D@

L-Proline (£ 4-hydroxy proline)2 &4 &3
2 Alasle N-protection, O-protection, “j&€j2
3} wrg FUS-2 AA L-prolinol 11a-d (= 4-
hydroxy prolino) & 43t} ©) 1lad (£ 4-hy-
droxy prolinol)< dichloromethane #FollA] tri-
phenylphosphines} bromine £& NBS(N-bro-
mosuccinimide) 2 HE3 o} 40~73%°] +&=
#¥ bromide 12a-d2 ¥ HAT} .

th2-© 2 bromide 12a-c¢] 24} B-keto esters®ll
2% A @ke-& A xEc) st s of vt
$-9] WiFIF L oleig} Zo] ¥A4E dianion 10a-co]
bromide 12a-c9] AA¥HS-© 2 WA € carbocationsl

(;)VOH Ph;? » B"I(NBS) (;X' Br
Ry 0°C-1t, 2th Ry -
CH,Cl, 122 CBz H
11a-d 12a-d 125 cez otbu
12¢ Ts Ot-Bu
12d BOC H

g A FH o2 uigto} ZE BB F
o] YA S0 I d2HE FEAE &5 YT
I A7) et

B-Keto esters®} dianion = anion®] A& 93
KH. NaH, KNH,, NaNH,, LiNH;, LiOH, LDA, n-
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BuLi¥ %2 base?] AHg-o] B3g vt 3ict.” 2 gl
£ P-keto esters®] dianion& 4371 $18 NaHs}
1.4 M n-BuLi& A8 23} 9] bromide 12a-c2}
24 g 92 AFFHOA whE F5HE 36~
45%= B3 2Tt 1A dianiond A48 SlE
T t} & base2A] KHMDSE Ajzs19 1, o]0 2ug

Ao

© o

35
TFUF”

10a-d

H} Q)& KHMDS A& ©]8319'” B-keto esters
9] dianion 10a-d 33-& % 12ac2] X ¥§ (C
R 2% 34)& N=dg?

uhg- 22 A3} B-Keto estersd dianiond A4 =]
=] 9Sk3l enamines 13a-c3 ketones 17a-col 44
52182 A4 I} AR KHMDS o # di-
anion®| YAl AsTF, Fo) AFP W =8E A
£33 594t} KHMDSE 2.4 equivalent® 333
L EE 0°CE Foli ¥hgAIE 15/ E 4%
oy AY4ELS FY(17a-c)¥en melting
point, IR, NMR spectra data2A #1={3ie.

uhe EREL A3 89 'H NMR spectraciA
exocyclic enamine 13a2 6.08% 5.95 ppmoilA],
13¢E 6.149) 5.92 ppmolA A3 AH<2A methylene?
FHe) 27 Yepdoz A AU o] HRPE

[ Ry
KHMDS, 1h [_)= O_{i
————————— * >
12ac N - N "
L R Ry

-78°C, THF
-HBr -
lHo 13ac
RZZ_\ Re, Re
—Me| HO { \ Z S.
HO —— + 77— Me . Me
NH " N
Ry L R Ry J
16 14 15
NN
Z—\O’-MG Ry Rz
INH 17s CBz H
Ry 17b CBz Ot-Bu
17ac 17¢ Ts OtBu

Scheme Synthesis of Ketones 17a-c
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13a-c& 4H3 A2 TLC $44A] AlY 94 Jehle
main spot®2A starting material® v} hexane :
ether (1: 1)¢] A7p8mdolA ol & Rfgks Zerh
a8 quench® A AHESHAE 0.5 M HyPO,, 1

M H,PO, 2N-HCI, sat. NH,,CP“ wra} ‘4" 7§E-]
o] molu} of spote workup F AR} rlng°] A
29 ketones 17a-c2 2 ¥} o{ 3t} Enamines 13a-

e AEufdlel A 14 Fej2 AP AT 15 i
BolA gk cationd intermediate® AX Zvl2 29
addition®] delyim A& ketones 17a-co] @t
B g FAE 17a-co] 582 56~81% AT}

Ketones 17a-c2} IR spectracl thgh Sloflaje=
pyrrolidine?} ring opening2 £ A4 ¥ NH group®l
ZEAZ A¥ absorption band’} 3340 (17a, 17b),
3440 (17¢) cm™ o)A Yt Carbonyl groupd) &
A= 1700 (172), 1710 (17b, 17¢) cm oA 1=
t}. & NMR spectrasl NH group2 5.21 (17a),
5.06 (17b), 4.82 (17¢) ppmoil A F-80] et}

E 02 #MoZ aralkyl acetoacetatethAlel
alkyl acetate® AME3l9 bromides 12a-c2] &4 ]
3 kg2 sl Alkyl acetatedl A A€ an-
ione 2 &4 x@utge] Zidi=E o, o] vhg-2 A
F31A £33, bromides 12a-ce] AAWgo| Fukg-
o2 gojygr}. ojs}r- P-elimination reactione
alkyl halideZ %] baseZ 223l alken® ¥2F
S YutEQl FAjHkS-eltt. Enamine 13 tiR#
workup #AF A" IM-H ;PO 213 2nl2 H
;09 addition©Z pyrrolidinedo] 7j@ =N, 2
HHo 2 o] kg 218 oA KHMDSE base2A] 2t
£3cn g5 gl

ol4T e AESE FHH Bu KHMDSE ol &
¥ dianion (F& anion)d AL AA3NYT,
KHMDSe 2j3] #A|#vkg-o] o5& efujdi}, 4
FZ2A2 Ev dianion®] A4 7FsAE Y2
A3, 94714 A g dianion®] nucleophile® 243}
A %3 baseZ FHEHUE 7T Utk a8y
NaH$} n-BuLiZ dianion ¥4 4FHE o 12a-c
o] AAEE doux] Y3k, ketones®E LAE A
%3Lw? o] &= dianion®] base’} °}d nucleophile®
21-g-81e] 12a-c9] E4 X W3l AT A

F& Aelth. Dianjond 4A4E€ HiAME
KHMDS 2t} t] 2% base’t Mes]ojzjof glo] ¥t

At 22y w)ikg-9] 7§ basest w5 F&
4% alkyl halide}e] Etg°2 dehydroha-
logenationo] o €A Yolubil BReik.
w2hA 17a-c& G317 A% Ao 2ALE bro-
mides 12a-col) -78°C, THF*|A KHMDSE 713tx
1AZHEe TNkl 348 enamine 138 42904
Ataj2lélel iminium intermediate® AA hydra-
tionAl71¥ gt Ketones 17a<c] AL i
(aceto)acetate®] AH8-& W R3}A] g},

o] ¥hg-9} d7llE&L FEF o2 KHMDSe 9%
471 27394 bromides 12a-ct= A|A ¥H-Fo
endocyclic enamine 139] intermediate® 3433}
] enamine 132 acidic catalyzed addition ¥+&¥
iminium intermediate 142 A¥H} of N-im-
inium ion®] 7H-EE N EE ketones 17a-co] A
A=l Aolth, o]de] Wk THo = pyrrolidine
ring®] 71¥=ER o™, L-pyrrolidine #rEA2 2
amino ketones 17a-c2 #43HA =t
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5 ml of dry THF was distilled from NaH into a 25
m] flask containing 0.0816 g(0.00204 mol) of so-
dium hydride (60%). The flask was stopped with
a septum cap flushed with nitrogen, and cooled
in ice. Then 0.338g of tert-butyl acetoacetate
was added dropwise and coloress solution was
stirred at 0°C for 10 min. To this solution was
added dropwise 1.46m] of 1.4M nbutyl lithium
in bexan before using. A solution of 0.00204 mol
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tracts were combined, washed with water until
neutral, dried over anhydrous magnesium sul-
fate, and filtered. The solvent was removed und-
er reduced pressure and the crude product was
purified by chromatography. B-Keto ester was
given as white oil. Yield 10.7%. 'H NMR (CDCl,
8) 7.34(m, 5H. aromatic). 5.09(s, 2H, CH,). 3.88
(m, 1H, CH). 3.37(m, 4H. CH,x2), 2.58(m, 2H.,
CHy, 1.89(m, 6H, CH,x3), 1.44(s, 9H, CH,).



