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Reaction Mechanism of a-Diethylaminoacetophenone with Potassium Cyanide

and Ammonium Carbonate ()

Abstraet-It is knwon that in the reaction of a-diethylaminoacetophenone with potassium cyanide and
ammonium carbonate in dilute alcohol solution, 5-phenylhydantoin is formed. In this study the mechanism
of the reaction by which diethylaminomethyl group is eliminated, was investigated with applying GC/MS-
system. From the fragmentation pattern of mass spectrum of the unknwon compound, which has mol peak
112, it was identified as diethylaminoacetonitrile. According to our GC/MS study of the reaction mixture,
it seems likely that diethylaminomethyl group is eliminated neither through the alkali degradation of a-
diethylaminoacetophenone to aldehyde nor after the anticipated hydantoin formation. But it is believed that
in the course of ring formation through an unidentified mechanism diethylaminomethyl group is climinated.

Hydantoin {b-&49] —#f) & BEQ] Bucherer-Bergs Kol 9 814 a-diethylaminoacetophe-
none (1) 2 Z3¥ 5-diethylaminomethyl-5-phenylhydantoin ¢] 345 =] 2.8 9lo] #Ha3)
uh QUED. BAGEAY0] obd 5-phenylhydantoin () of delAmh Z BAYLA#H 5-die-
thylaminomethyl-5-phenylhydautoin o] 4 a-diethylaminomethyl group o] RpEd Helel (L&
#pe] 5-phenylhydontoin ¢1-& %<+ glvl, oot 22 BREKES A3 oAyt d24, o
dxethylammoacetophenoneﬁr FAHet F%E 7} aminoketone {b-&4%, % diethylaminoacetone, 2
diethylaminophenethylketone® 53} 712 ketone {b-&#2 2% & hydantoin o2 #gins &
ol 1;}.

Henze & Craig¥ 34 43 &89 FA a-(d-morpholinyl)-propiophenone & potassium
cyanide 3 ammonium carbonate &+ KEA A, &5 AALE#HS] 5(1- @-morpholinyl) ethyl)-
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5-phenylhydantoin o] ohj2} H{L&4olA 1-[(4-morpholinyl)Jethyl groupel HRHEH 5-
phenylhydantoin - Cé—?: H]- ks HER )

oo} 2o FES] Uee 7 $18 o] dFel o3 Bucherer-Bergsits & Z719]
alkali®l Qo2 a-(4- morphohnyl) —propiophenone ©] alkali 43 ##3l] benzaldehyde 7} 3 4= 3
o] ©.& 1.¥] 5-phenylhydantoin o] P4 = stsAel AslA #ES v oD,

2% 2= Bucherer-Bergs #H-2-%713}0] A a-diethylaminoacetophenone © 2 ¥ 5-phenylhydan-
toin o] B4 o] = W27 o] A diethylaminomethyl groupol M@= A& 224 GC/
MS 5 i#E S ©1S3wh

% [—3t Bucherer-Bergs w3273 A ] 58L& $1§ benzaldehyde o] w-g&EFN# a-
diethylaminoacetophenone 9] -8 & 3l& 242t AA A7 7474 02 GC/MS Fifiifel A
ooy % gas chromatogram Aol L}EF}E peaks 9} o] & peaks £¢] mass spectra & 43k b
2ol A oW gEEe) ARH et FBY) etd AT vk gl 2 @ERE 2a3A
et

¢

; L)
Diethylamincacetonitrile 2] & ——25ml Eo 10.4g(0. Imol) sodium bisulfite & 2.3 31
& o] fo¥o) 7.5ml 38% formaldehyde & 713t Easts, o E£3A L 60°C 2 7F-238e
A F D‘r/‘] W] 85°C 2 24 %% mulsbdAl A48 7.3g(0. Imol) diethylamine & 7}

_lr,

2ol S 92X 7k WSk, 4.9g(0. lmol) sodium cyanide & 13ml Eo &3 &4
Lsolo] WEd] muletd A AAS e AL AR g Felx 3087k mubg A
44w nitrileo] XEF 5423 SEIAAA (2AFAE) FAGE. FEE L
o QE?K sodium sulfate & A %3F 2 ¢S7F3o}.

Bp. 6mm 43—45°C(Lit. ® Bp. 14mm 61—63°C)

W7 2 9g(80%) diethylaminoacetonitrile

IR (film) : 2200cm~!(—C=N)

MMR (CDCly): 6=1.13(t, —CHs), 2.58(q, methylene), 3.60 (s, —CH,—C=N)

MS: m/e=42, 56,69, 86,97, 112(M*)

GC/MS H#i—>50ml 3+ Ferz=3e] 8ml 60% o &
cyanide &} 2. 9¢ ammonium carbonate & 715t £33 o
74ate] ®Aeka, 55°CelA wubstgd et

x UE 50ml A ZtrFe] F—38F Ko 2 benzaldehyde v Alo] 1.91g (0. 0lmol) a-die-
thylaminoacetophenone & 7}8te] uk-3- & m}ETHS 55°Cof| Al wubg] o},

WA Fo 2T 30 ¥Fel o urgAFelA 22 1404 € injectoro] HAshel GC/MS 57
o) 1EASI Zr7 gas chromatogram 3 gc 49l 7 peak off 3 B3te HEES] mass spectra

gl om, S 7o] Aol wet v 1AZkwbe} whESte] o] F A Aste] spectra g o
93, ol & spectra & H# ST

WE#H TSl a-diethylaminoacetophenone 7 benzaldehyde HEol T-fslo] = Ty <&
oln 7] 918 ol A E F—& TN AUt B4 - GC/MS, Hewlett-Packard 5730.
Column: Carbowax 20N, 3ft long. Temp. programming: 120—180°C, 4°/min. Carrier gas:

€ F3tz, of7]¢l 0.9g potassium
£, 1.0 g(O 01mol) benzaldehyde &

et
2
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7
%
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helium gas.
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Bucherer-Bergs 13 71 3} o] A| a-diethylaminoacetophenone & XA @, 5-phenhylydantoin
o] /pkE =, o7 R ol FAlA doAvestE: AR FEI] A4 4 gl

A7 wk-2ao) qlkah A 9le g o] x73lo| A a-diethylaminoacetophenone ©] benzaldehyde
2 s lvi-Af—ll potassium cyanide @ ammonium carbonate ¢} {EFSte] 5-phenylhydantoin
o] FAu= A Lolxz, FHAE AT 4 9= —rt AR B %] 5-diethylaminomethyl-5-
phenylhydontoin o} &4 % 2 & KibHwe] REEM B Ho]gol Cs{rol4 diethylaminome-
thyl group o] IR#tx]) o] 5-phenylhydantoino] 3P A H = 7 $olr}, Aulx = ketone ] carbonyl
group 9] $k#7} nucleophyll 7] anion gl CN- 2] 3274 .8- ukol cyanohydrin (J)¥®o] FA =l
F 9 kAl E 713 A hydantoin ring o] &A= o] st 2o diethylaminomethyl group o) Jif

-3

#Esl = ol ok,
4/__ \“3 '/ O Q
240 KEN AN />\ /OH \N\oWe
'3=0 (NH;);C0q —_ = XN)NmH
: I 11

ol & 7] #15te] GC/MS 47 % S-83te] REHRERY 5mEds] MR A=
123

a—diethylaminoacetophenone u-2-91 8] gc o 4] retention time ¢] 2.8l peak 9] mass spectrum
S #ist A7} diethylaminoacetonitrile ¢} o] ¥}&] &t} parent peak 7} 1120]3, 970] base:
peak ¥ 52 7] €} fragment peaks & 42, 56, 69, 86,°] % t}. authentic substance 24} &EiE die-
thylaminoacetonitrile 2] gc 9} mass spectrum & 423 o] E9] retention time & fragmentation
pattern & Higto 24 ol ® 9l v} (Fig. 1), =3l diethylaminoacetonitrile & FFERHEREE 4
ol Felsl e, F A AF 30 gutel HIES ge Aol peak o ZU)ZE AA byt
ovt, KJERsRe] 7 3tel wet wE-Fa8 AR AR S A o2 2olA diethylaminoace--

q7
100
CoHs 100 105
N2C-CHy'N_ N’ .
“CoHs @-g-o-cz Hg
o
50 :,”
2 69 112(M) ? 2 77 122 1500M}
3 42 i . l | I
Moo= s | s | ] Ly |
- A 120 » @ & %0 100 120 T
20 w 60 X ) 100 .
/g ——
Fig. 1—MS spectrum of diethylaminoacetonitrile Fig. 2—MS spectrum of ethyl benzoate
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tonitrile o] /ERRel F/1EE & F AATh

retention time ©] 6.2¢l peak & {L&#-S ethyl benzoate ¢Jo] ¥& 3 =97, fragment peaks
= 32, 51, 77, 105, 122, 2 150(M¥) o= -2 z713tel Al JIES: LEyH MS e} Sga—
#%H oz A Folx gt (Fig. 2), ol base peak &= 105 % vk, ©] ethyl benzoate = benzoic acid
7} reaction medium ¢l ethanol ¥} KHESte] ethyl ester {7} ¥l Aoz Holw, E ug&=xrs}
ol 4] GC/MS spectra o] benzaldehyde 9] #/:72% A3 A& + gle AR nopbA [RMKHE
o] AwAe s}4el a-diethylaminoacetophenone 2 alkali 73ffoll 2] 8t benzaldehyde & A:pi-2
ol Aoz AztHvh whehA] benzoic acid & AF3}El benzaldehyde 2 Z2 = A ZA o
WS ¢lo] AR AW Aoz 74 4 dhel elrh ol & WEERT| Slste [HEH
7z % a-diethylaminoacetophencne € GC/MS-analysis & 3 A3} benzaldehyde o] #7E
2 ol 8 4= 9l9loen], benzoic acid o] fEfEE EQlH A 49kt & gc 9 retention time o] 6.1
9l peak ] mass spectrum ] fragment peaks = m/e=51, 77, 105, 106 (M) 22X LEWH
2l benzaldelyde @] MS 2} fragmentation pattern©] 58& —3= At, ethyl benzoate = uwl-&%
B g2 EgAA] —Ed WpEEE (gl wal sl Wl ethyl benzoate o ko) a-die-
thylaminoacetophenone 9] 5r-figoll 71915 girksr 714 8lohad, benzaldehyde & AX A & &
o]wl mechanismof] A AA FAHYE Aoew 5 4 vho] ook, 2 iRERo R
A A=l Bucherer-Bergs ut-2-Z 73}l 4 2] benzaldehyde wF-8-Aol % [i]—3}A] ethyl benzoate
o] AAo] FelElgd o, whebA] ethyl benzoate & 23 7} a-diethylaminoacetophenone 4}-g-2 2}
benzaldehyde ub-g-d ol A A 2 fisslte etz A4 &Erh, =3 ethyl benzoate 7} a-die-
thylaminoacetophenone 2] &l 2 AA=grbd, 2 57 v& 4% FEoz 779 o 3
= diethylaminoacetonitrile 3} [#]—&Al uk-g-A| 7o) A #}gho]l whel ge A9 peak o] =77} Fof
3= AFS mylolok & Aot @A ehkrh. EE benzaldelyde wh-g-lofl Al vrEbd ethyl
benzoate peak & Z7]% a-diethylaminoacetophenone 2] uF-g-2iell A el ethyl benzoate peak
wr} 24 vehgS o, pigedAY @Est F& 4 & AQED, ol MEBEWEA benzal-
dehyde o] Fffith2 #E5He] benzoic acid ¢} wk-3-#18) % benzaldehyde o] Fft2 A4 =l ben-
zoic acid 7} ethyl ester (¥ A o2 AL5.¥ 1], benzaldehyde ¥ o] =& benzoic acid @} Ad|
AAFE B Aolx, webA ethyl benzoate LREE B Aoz AT 4 At

Zus]e] 7}A ¢l 5-diethylaminomethyl-5-phenylhydantoin & &A% #<¢l7] $35}o] parent

Table T —Results of GC/MS-analysis of the reaction mixture of a-diethylaminoacetophenone with

potassium cyanide and ammonium carbonate

Results reaction benzaldehyde ethyl benzoate diethylaminoacetonitrile
M time (M*=106) (M*=150) M*=112)
K-1 30min — + +
K-2 1.5h — + -+
K-3 3 h — + T
K4 4 h — 4 +
K-5 8 h - + +
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peak 7} 261 <l L5E FHY o EH . A S5 dgleh, Earelzt qlo] dFHE
o] diethylaminoacetomtrlle«] Aol abgzYE Felzglorw, =3 ul-S mechanism o

Ho} 5-diethylaminomethyl -5-phenylhydantoin ©.2 %8 diethylaminomethy! group ©] nitrile
compound 2 [R#td TIREMES =] A utgtow FuiAe] AR AR = A

ap|ato 2 AZE 4= Y A ¢E 88 ®x, a-diethylaminoacetophenone 9] carbonyl
group 9| ¢1%8F methyl carbon ¢ CN~ anion ©] nucleophyll &}7)] 7‘7,~j FAE £ 9= AL 2y
g o, diethylaminoacetonitile ZA19] fR¥iE cyanohydrin () &A% o] el 79 intermediate
£ A# A hydantoin ring 34 2t el 4] o}4 E]lF[R] ke & v EA8 mechanism of 3] Al

IRHEE ER] Aol Aoz Algsi
= E

Bucherer-Bergs 4}-g-2713}ol| 4] a-diethylaminoacetophenone © & 3¥] 5-phenylhydantoin o)
A 5= mechanism & T4 7] 918 GC/MS kiR e ohg 7o),

b)) Dlethylammomethyl group ©| nitrile compound £ [R#E% o] #3W=E 9 o, authentic subs-
tance 2 diethylaminoacetonitrile 2- 4] 3te] GC/MS spectra & [L#wk R 3 o,

2) wkg-alE beqqudahyd64 AL FAE 4 9lgls, webA e-diethylaminoacetophenone
o] benzaldehyde 2 -3 3= hydantom g AAnkgo] ool sp4 e 3 ukelc)

3) Benzaldehyde 94— o It fihgol Al 74§ =% ethyl benzoate 4 BAE HQld 4 Qo=
dl, ©l ethyl benzoate & MW F Fitishz 3HF=o] $lH benzoic acid 1} benzaldehyde
o] Rkt Y45l benzoic acid 7} reaction medium 2l ethanol 3} {Ef3le] ethyl ester b=l A
o2 Abgxlr)

4) Diethylaminoacetonitrile o] kg2~ FAH ol 3} ul-2 mechanism A0 2 2w 5-
diethylaminomethyl-5-phenylhydantoin ®| 34 % diethylaminomethyl group o] s =] = k-9

Ao F Abgulc

5) a-Diethylaminoacetophenon 9] carbonyl group ol ¢4 3} methyl carbon o] CN- anion o]™A
A FAY = A= A& 2% 9, diethylaminoacetonitrile 24 &= cyanohydrin & 4 &
o] & L]—7]4 intermediate & A X = 2}g el A hydantoin ring F A #lo] o}7 Feol¥x] ok me

chanismo]] &Ja)jA dojd Aoz Alg=ET},
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