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Rbstract - Under the homogeneous aninating conditmns of KNHt in NH3, 

3-broao-4-dimethylaminopyridine 2 affords a mixture of 2-amino-5-bromo- 

4-dlnethylaminopyridine 3 and 3-amino-4-dimethylaminopyridine 4, along 

vlth the product of debrominatian, 4-dlnethylaminopyridine 1. Compound 

3 was debraminated with Zn in HORc to afford 2-amlno-+-dimethylamino- 

pyridine 5. The r?giaselectivity observed for the homogeneous amnation 

of 2 is precisely that predicted by an analysis of the lowest unoccupied 

frontrer molecular orbital coefficients. 

4-Diaethylaninopyridine 14-DMAP, 1) is well known as a "hypernucleophilic" catalyst for acyl- 

ation react1ons.l There appears to be some confusion in the literature concerning the course 

of aminatlon reactions of 1 and structurally related pyridines. In order to assist in the un- 

derstandlng of this important class of heterocyclic reactions, w e  have investqated the amina- 

tton reactions, both heterogeneous and homogeneous, of 1 and its readily accessible 3-brana 

derivative. 

Under the heterogeneous Chichibabin aminating reaction conditions of NaNHl in refluxing tetra- 

lin, 4-DMRP was found to afford only trace amounts of both 4-aainopyridine and 2-amino-4-di- 

nethylaminopyridine (by nar spectral and tlc analysis).2 4-DnAP was found to be inert, however, 

under the homogeneous aminatlng conditions of KNH? in liquid N H I , ~  either in the presence or 

absence of an oxidant iKMnOIL.' Based upon a report that 3-bromo-4-ethoxypyridine affords a 

55-60% yreld of 2-amino-4-ethoxypyrldine under the KNHSINHI aninating condition5,S we considered 

that the presence of a halogen ring substituent would activate the pyridine ring of 1 to attack 

by arnlde anion. Rn AM1 molecular orbital calculatian~ on an MMPMl-minimized structure' of 

3-broao-4-dinethylam~nopyridlne 121 revealed that ring positions 3 and 6 are predicted to be 
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equally susceptible to nucleophilic attack, according to the tenets of frontier molecular orbi- 

tal theory.* Indeed, compound P reacted completely in the KNHzlNH, system (no oxidant, -78 O C  

for 4 0  min, then -33 *C fo r  4 5  mlnl  to afford three major products according to a tlc analysis 

of the product mixture. Tuo o f  these products, isolated by column chromatography, were identi- 

fied with the aid of high-field * H  and lac m r  spectral and low- and high-resolution ei na.5 

spectral analysis as 2-amino-5-bromo-4-dimthylaminopyridine 3 (10%) and 3-amlno-4-dimethyl- 

amlnopyridine 4 (32%) (Scheme I ) .  When the anination reaction tlme at -78 O C  was shortened 

drastically (to 1.55 than 5 "in). compound 4 was obtained in a 31% yield, but compound 3 was not 

detected. Surprisingly, the use of KMnOr (1.1 equivalents) as an & &g oxidant did not affect 

the dlstributlon of products. 2-Rmino-4-dimethylaminopyridine 151 was obtained by the debromi- 

nation of 3 with Zn dust in HORc (95% yield). 

6CliEE 1 

In addition to compound 3, the product of ammonia addit~onloxidation, and 4 ,  the product o f  

S,.lRElips@ aminadebrmination, compound 1 ldebrominated 2 )  was invar~ably present 135-40% 

isolated yields) in the amination product nlxtures. The attack o f  anide anion on the bromine 

substituent of compound 2 may be assisted by coordination of the potassium catlon to the 

dimethylamino moiety.2. This effect is even more pronounced i n  the heteroaeneous amination of 

compound 2% from which 1 was obtained as the sole product in a 9% yield. Conspicuously absent 

f rom the homogeneous amination mixtures, however. was compound 5, an aminodebramination product 

analogous to that reported for the amination o f  3-bromo-4-ethoxypyridine. Although SdREItClt 

and S,,lER)rrnl amnod~halogenation reactions of structurally related pyridines are currently 
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being considered.r* these types of reactions do not appear to occur in the case of the 4-DMAP 

derivative 2. 

EXPERIMENTAL 

fimr.1 ilethods. 

Melting ranges were obtained on a Thomas-Hoover Uninelt capillary melting point apparatus and 

are uncorrected. All IH and 13C nnr spectra were recorded on a General Electric GN-500, BE-300 

o r  Nicolet NT-360 spectrometer using CDCll as solvent and tetramethylsilane (*HI and CHCll (l3Cl 

as internal references. Electron-impact mass spectra were recorded on a Varian MAT CH5 double- 

focusing spectrometer, and field-ionization mass spectra on a Varian MAT 731 spectrometer, each 

coupled with a 6201 computer and STATOS recorder. Radial preparative-layer chromatography was 

performed on a Chrmatotron instrument (Harrison Research, I n c . ,  Pa10 Alto. CO), employing IOX 

MeOHICHC11 as eluent and Merck Kieselgel 60 as adsorbent. Thin-Layer chromatography was per- 

formed on glass-backed silica gel Uniplates from Rnaltechl Newark, DE. Elemental microanalyses 

were performed by Josef Nemeth and his staff at the University of Illinois. 

finoral hination Procmdurs. 

A 0.7 PI solution of KNHg 13-5 equivalents) in NH, was prepared by addlng Klsl in small pieces to 

NH3 containing a catalytic amount of FelN01l,.9H,O at -78 T, warming to -33 O C  until the blue 

color dissipated 130 . i n ) ,  then coaling to -78 T. The heterocycle (1 equivalentl was added 

dropwise as a 0.7 solution in anhydrous EttO. Rfter the reaction was cohplete. the reaction 

mixture uas quenched by the addition of NH-Cl (excess) in mall portionr, the NHa allowed to 

evaporate at room temperature, and the residue dissolved in CHgOH and filtered from insolubles. 

The product mixture Has purified by column andlor radial preparative-layer chromatography. 

J - B r o m 4 d i . e t h y l ~ i n o p y r i d i n e  (el. 

A solution of 1 15.0 g, 41 moll in 100 m1 of CHzClr was treated with sat'd. aq. KtCOl 1100 ml) 

and 1.3% @urNOH (5 m1). and the mxture stirred vigorously while a solution of Err (4.2 ml, 82 

mmol) in 25 nl of CHtClr was added dropwise over 30 mi". The reaction mixture uas stirred for 

4 h, the layers Mere separated, and the organlc phase was washed with HtO (3 x 100 ml)? dried 

(Na,SO,l, and rotary evaporated to a yellow oil. Purification by cplumn chromatography (silica 

gel, EtO& as eluent) folloued by vacuum distillation afforded b.16 g 175x1 o f  2 as a colorless 

liq~ld: bp 172 T11.5 m~nHg (lit.9. mp 83-85 OC); LH nmr 6 8.50 I s ,  In, H-2). 8.28 Id, J = 5.5 

Hz, In, H-6). 6.78 (d, J = 5.5 Hz, lH, H-51, 3.00 ( 5 ,  bH, NMerl; "C nmr 6 156.3, 152.8, 148.3, 

113.2, 111.8, 41.9. Lowresolution fi ms I8 kV), m / r :  200.01202.0 Ill'). W. Calcd. far 

C,H,NrBr: C, 41.82; H, 4.51; N, 13.93; Br, 39.74. Found: C, 41.62; H, 4.49; N, 13.968 B r ,  



39.59. Hydrobromide: mp 189-190.5 'C (EtOH/Et$Ol; J H  nmr 6 8.39 ( 5 ,  IH, H-21, 8.22 Id,  J = 7.1 

Hz, 1H3 H-61, 7.02 Id ,  J = 7.1 Hz, IH, H-51, 3.40 Is ,  bH, NMel l ;  13C nnr S 158.0, 142.4, 137.0, 

111.0, 102.7, 43.2. L o w r e s o l u t i o n  e i  ms 170, 10 eV1 m / r :  201.01203.0 IN-Br - I ,  200.01202.0 IM* 

-HBr l ,  80182 I H B r l .  O m .  Calcd. f o r  C~H~ONIBTZ: C, 29.82; H, 3.57; N, 9.93; B r ,  56.67. Found: 

C, 29.67; H, 3.66; N, 9.94; Br, 56.72. P i c r a t e :  mp 180-182.5 O C  IEtOH, l i t . S b  mp 182-183 OCI. 

2-~l~-5-bron0-4dlnethy1amIwpyridine ( 3 ) .  

np 104-106 OC l E t r O l h e x a o e s ~ ;  t l c  (silica g e l ,  1O:lO:l CHCl~ICH,OH/RcOH'as e l u e n t )  Rr 0.88; 

'H nmr S 7.98 ( 5 ,  lH, H-61, 6.01 ( 5 ,  lH, H-3)-  4.39 l b s ,  exchanger w i t h  020, 2H. NHsl, 2.87 (s, 

LH, NMeel. l l C  nnr 6 158.6, 158.5, 150.9, 102.6, 97.9, 42.5. L o w - r e s o l u t i o n  e i  rns 170, 10 

eV1, w = :  215.01 217.0 lN.1. H i g h - r e s o l u t i o n  ei ms, c a l c d  f o r  C,KONIB~: 215.0058 m u ;  obsd: 

215.0055 m u .  O M .  Calcd. f o r  C~HIONIB~: C, 38.91; H, 4.66; N, 19.45; B r ,  36.98. Found: C, 

38.59; H, 4.72; N; 19.54; Br, 37.23. 

3-(klm-4dlmthylaminopyrldlns 141. 

np 89-91 OC lEt$O/hexanes, l i t . 1 1  89 .Cl; t l c  (above)  R r  0.80; !H nmr 6 8.00 I s ,  LH, H-21, 7.96 

Id ,  J = 5 . 2  Hz, lH,  H-61, b.78 (d,  J = 5.2 Hz, IH, H-5), 3.70 lbs,  exchanges, 2H, NH,), 2.74 1s. 

bH, NNerl.  I 3 C  nmr 6 146.6, 140.9, 137.1, 136.4, 112.8, 41.4. L o w - r e s o l u t i o n  e i  ns 170, 10 

eV1, n o :  137.1 (M.1. H i g h - r e s o l u t i o n  el ms. c a l c d  f o r  CIKINI: 137.0953 am"; o b ~ d :  137.0952 

an". 

2+ino-4-dlwthyla11inopyridiw (5 ) .  

R s o l u t i o n  o f  3 130 mg, 0.14  mmoll ~n 3 ml o f  g l a c i a l  a c e t i c  a c i d  was t r e a t e d  w i t h  Zn d u s t  1100 

mgl and s t i r r e d  a t  room tempera tu re  f a r  2 h .  The r e a c t i o n  m i x t u r e  was f i l t e r e d ,  t h e  Zn was. 

washed w l t h  a s m a l l  amount o f  HORc, and t h e  combined HO&c s o l u t i o n s  were r o t a r y  evaporated i n  

vacuo. The res~due was t r e a t e d  w i t h  sa t 'd .  aq. KzCOl I 1 0  m l l ,  and e x t r a c t e d  w r t h  E t t O  16 x 25 

.I). The combined Et10 s o l u t i o n s  were d r i e d  (MgSOql, and r o t a r y  evapora ted  t o  a f f o r d  18 mg 

195%) of 5 a+ a p a l e  y e l l o w  s o l i d :  mp 126-128 'C I E t r O I h e x a n e s ~ ;  'H nrnr 6 7.78 I d ,  J = 6.1 Hz, 

lH, H-61, 6.06 ( d  o f  d, J = 6.1, 2.2 Hz, 1H, H-51, 5.68 (d,  IH, J = 2.2 Hz, H-31. 4.81 Ibs ,  

exchanges', 2H, NHt l ,  2.96 (s, bH, NMell. I 3 C  nmr 6 158.9, 156.0, 146.6, 103.7, 99.5, 39.0. 

Low- reso lu t ion  e i ' m s  170, 10  eV1, m n :  137.2 IM' I .  W. Calcd.  f o r  C~HIINI: C, 61.29; H1 

8.08; N, 30.63: Found: C, 61.39; H, 8.08; N, 30.60. 

For comparison w i t h  t h e  above nmr s p e c t r a l  data:  2-amino-4-meth0xypyridine:lr 1H nmr 6 7.90 

Id.  J = 5.9 Hz, lH,  H-61, 6.28 ( d  of d, J = 5.9, 2.1 Hz,  1H, H-51, 6.01 (d,  ? = 2.1 Hz,  HI 

H-3). 4.45 lbs ,  exchanges, 2H, NHII, 3.84 ( 5 ,  3H, CHI). 1 I C  nmr 6 167.0, 160.3, 148.8, 102.1, 

92.1, 54.6; 2-amino-4-chloropyridine:t1 I H  nar 6 7.93 I d ,  J = 5.3 Hz, lH1  H-61, 6.63 ( d ,  J = 

5.3 Hz, lH, H-51, 6.53 Is ,  lH, H-31, 5.14 lbs.  exchanges w i t h  DzO, 2H, NHII. 13C nmr 6 159.19 

148.0, 145.2, 114.2. 108.4. 
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