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Abstract. Aliphatic a-(acylamino)nitriles react with formic ~ ranesl, can also be used to convert othe¢a-cyanoalkyl)
acid at room temperature to give the correspondifacyl-  amides such ds-cyanomethylbenzamidés 5 and the 3,4-
amino)carboxamides with concomitant formation of one moledihydro Reissert compourib into the corresponding carb-
of carbon monoxide. This new reaction, which was first ob-oxamides. Another application is a synthesis of 2-formylami-
served with 2-acylamino-2-cyano-3,6-dihydro-2H-thiapy- noacetamide$l. A mechanism for the reaction is proposed.

The thiocarbonyl group dd-acylated cyanothioforma- In contrast to reported conversions of nitriles into
mides exhibits pronounced dienophilic reactivity. Thus,carboxamides by formic acid which require either heat-
with a variety of 1,3-dienes, we obtained the correspondig at 180—200 °C [2], or the presence hydrogen hali-
ing Diels—Alder adducts [1]. des [3], our reaction occurs under rather mild condi-
Investigating possible transformations of addugts tions. In order to determine the structural features es-
we observed that dissolving them in concentrated forsential for this conversion and to study its scope, sever-
mic acid at room temperature resulted in a specific conal othera-aminonitriles were treated with formic acid
version of the nitrile moiety into the corresponding carb-at room temperature.
oxamidea—e,g,h with concomitant formation of one  Because the twa-aminonitriles1f andli [1], both
mole of carbon monoxide. In most cases, the reactiolacking theN-acyl functionality present in the other
was complete within 15—20 minutes and the amidesnembers of the group, were not altered by formic acid
could be isolated in 22—94% yield (Schemel). at room temperature, we came to the conclusion that
the N-acyl group is essential for the reaction and that
other special features such as the thioether moiety
R} s Rl Ri present in the Diels—Alder addudtsare no prerequi-
\i e — @K; = @N{i sites for the reaction.
N Mg cN P Accordingly,N-(cyanomethyl)benzanilid&) [4] af-
° ter 3 h gave the corresponding acetamiohe93% yield
together with 0.9 equivalents of carbon monoxide. The

la-i 2a-eqgh

172 \f R2 R3 Yield (%) two cyano groups ilN,N-bis(cyanomethyl)benzamide
S tm 2 (5) [5] could also be converted into carboxamido groups,

a K Ph COMe 95 91 affording the triamid& in 74% yield. In this case, meas-
b > Ph coph 81 9 ured by the rate of carbon monoxide evolution, the con-
¢ Me< P'?\no on ggl\PAh 72 8 version of the first nitrile needed about 16 h, whereas

me e © the whole reaction was complete after about 64 h (Sche-
e p-NO,-Ph COPh 87 32 me 2)
f @ pNOFR - H ! - Whereas compoundk 3 and5 on treatment with
g © P Sone > 2 formic acid yielded the corresponding amidesN2-(
i Ph H 50 - phenylbenzamido)isobutyronitril@)[6], the only oth-

er nitrile withouta-hydrogen atoms studied, afforded
83% of acid3 together with only 5% of amid#
Scheme 1Reaction of 2-acylamino-2-cyano-3,6-dihydrd-2 In a one-pot reactioa-(N-formyl)carboxamide$la—
thiapyranes with formic acid c could be synthesized fromaminonitrileslOa—c us-
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orcone ST e HCOOH oo SHTCONE dihydro derivativel 6 [13] was also included in the study.
e rt/3n "pn In formic acid,12 underwent the classical acid-cataly-
93% 90% zedReisserteaction [10, 11], yielding 82% of benzal-
3 4 dehyde {3) and 98% of quinoline-2-carboxylic acit)
together with 1% of the corresponding amideand
oncone S CN_HeooH or o ST CON: ) oo only 2% of carbon monoxide. The 3,4-dihydro com-
coon  ri/ean M eh- con, pound16 on the other hand afforded 67% of 1-benzoyl-
] 74% 89% 1,2,3,4-tetrahydroquinoline-2-carboxamide8)( 70%
6 of carbon monoxide and minor amounts of benzoic acid
(17) (Scheme 4).
Ph HCOOH Ph
phco- N EE— F’WCO-N< '
Nc—cN rt/30 min C— COOH x HCOOH A A
/\ Cﬁ \CH ——> Ph-CHO + @ + @ + co
CH, cH, 3~ cN 20°C N~ "COOH N CONH,
83% )\
ph” Yo 82% 98% 1% 2%
7 8
12 13 14 15
Ph
+ Ph—CO—N< + co
/C\— CONH2
CH3 CH3 m Ph-COOH + @\/’) + co
5% 7% N~ cN 20°c "~ CONH,
9 PRS0 ph” o

<5% 67% 70%

Scheme 2Reaction ofN-cyanomethylbenzamides N o .

Scheme 4Reaction of Reissert compounds with formic acid
ing formic-acetic anhydride preparédsitu (Scheme

3).
For the reaction ofr-acylaminonitriles with formic
acid we propose a mechanism, in whichdkacylami-
no group acts by neighbouring group participation. In
. R\QC/RQ oo RQC/RQ . the first step, the nitrilium cation, formed by protona-
Nz g T | W e | = \c\(o >+ co  tion of thea-acylaminonitrilel9, cyclizes to give a di-
' i H-C0 HC=0 hydrooxazoliumimine catioR0[15]. This activated imi-
10ac 11ac nolactone is then ring-opened by formate anion, fur-
nishing an imidoylformat@1. In the last ste®1 de-
1011 Rt R react cond. yield (%) composes to give the carboxami#and carbon mon-
PUTETE—— . oxide, a step which may be formulated as an intramo-
b B e rioh 4 lecular hydride transfer (Scheme 5).

Scheme 30ne-pot synthesis of 2-formylaminoacetamides

| | | e R ¥
An alternative formulation dflbas 5,5-dimethyl-2- g~ —©° .
hydroxy-4-imidazolidone has been published [7, 8]. Be- 10 20
cause the IR spectraifaandllbshow atypical amide
Il absorption at 1535-1 536 cithe open-chain struc- g RO Ri RS
ture forlla—cis preferred in accordance with related RZ\NX@ o Rz\NI>/\fo
a-(formylamino)carboxamides [9]. . N - g roco
H 2

SinceReissertcompounds represent a special class r:
of a-(acylamino)nitriles, it appeared worthwhile to test 21 22
the reaction 01210, 11] with formic acid. AReissert
analogs derived from 3,4-dihydro heterocyclic precur-
sors fail to undergo thReissertreaction [12], the 3,4- Scheme 5Proposed mechanism for the formic acid reaction
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ously providing chemicals. 3-(N-(4-Nitrophenyl)benzamido)-2-thiabicyclo[2,2, 1]Jhept-5-
en-3-carboxamid€2e)

Experimental According to the general procedurele[1] after 4 h yielded
32% of2e m.p. 220—225 °C decomp. (dichloromethane/

IR: Perkin-Elmer 298. — NMR: Varian A 60D and WM 250. €ther). *H NMR (CDCk, 60 MHz):dppm = 1.95 (m, 2H),

— MS: Finnigan MAT 44Sq.p. (uncorrected): Dr. Tottoliap- 392 (M, 2H), 4.5 (m, 1H), 6.46 (m, 1H), 7.0-7.4 (m, 5H),

paratus of Fa. Biichi. 7.89 (AB,, J = 9 Hz 4H).
C,H,N;0,S Calcd.: C 60.75 H4.33 N 10.63 S 8.11

(395.4) Found: C 60.22 H 3.95 N 10.55 S 8.49.
Reaction ofa-Acylaminonitriles with Formic Acid (Gen- 3-(N-Phenylacetamido)-2-thiabicyclo[2,2,2]oct-6-en-3-
eral Procedure 1) carboxamidg2g)

A 100 ml round bottomed flask containing 5 mmol of the According to the general procedutelg [1] after 20 min
appropriatea-acylaminonitrile {a—h, 3, 5, 7, 12, 16) was  Yielded 22% oRg, m.p. 163—-165 °C (dichloromethane/ether).
equipped with stirrer and pressure equalizing dropping fun=H NMR (CDCk, 60 MHz):d/ppm = 1.07 (m, 4H), 1.63 (s,
nel, whose top was connecteid a bubbler to a gasometer. 3H), 3.17 (m, 1H), 3.5 (m, 1H), 4.91 (m, 1H), 5.90 (m, 1H,
Then 50 ml of conc. formic acid were added all at once fronlNH), 6.4 (m, 1H), 7.05-8.0 (m, 5H), 7.95-8.1 (m, 1H, NH).
the dropping funnel to the-acylaminonitrile and the mix- C;gH;gN,O,S Calcd.: C 63.55 H6.00 N 9.26 S 10.60
ture stirred at room temperature until the evolution of carbor{302.4) Found: C 63.13 H6.20 N9.11 S 11.57.
monoxide had ceased. The excess formic acid was evaporag- . {1Y 9 thiahi Aan.a.
ed at 50 °C/ 0.1 Torr and the remaining solid purified by re?aﬁgozgg?g&gi?zamldo) 2-thiabicyclo[2,2,2]oct-6-en-3

crystallization.
y According to the general procedutelh [1] after 30 min

D (N F YO thi . _ yielded 59% ofh; m.p. 210-212 °C (dichloromethane/ether).

g;gr[;;gg(dzrzca))z (N-phenylacetamido)-2H-thiapyran-2-carb- *' IH NMR (CDCh, 60MHz): dlppm = 1.0-2.28 (m, 4H),
3.47 (m, 2H), 4.75 (m, 1H), 5.82 (m, 1H, NH), 6.32 (m, 1H),

According to the general procedutela [1] after 45 min  7.23 (m, 10H), 8.1 (m, 1H, NH).
yielded 91% of2a; mp. 169-171 °C (dichloromethane/ether). C,;H,,N,0,S Calcd.: C 69.21 H5.53 N 7.69 S 8.80
—*H NMR (CDCl;, 60 MHz):dppm = 1.73 (s, 3H), 2.37 (m, (364.5) Found: C 69.05 H5.37 N7.41 S 9.07.
2H), 3.20 (m, 2H), 5.50 (m, 1H), 6.10 (m, 1H), 7.48 (m, 5H).
C14H16N2028 Calcd.: C 60.85 H5.84 N10.14 S 11.60 2_(N-Pheny|benzamido)acetami(j:e

(276.3) Found: C 60.60 H5.65 N 9.74 S 11.63. .
According to the general proceddréN-cyanomethylN-phe-

3,6-Dihydro-2-(N-phenylbenzamido)-2H-thiapyran-2-carb- nylglycinonitrile @) [4] after 3 h yielded 93% of amide
oxamide(2b) m.p. 170-172.5 °Crl.p. [14] 175 °C) (dichloromethane/
According to the general procedutelb [1] after 15 min  €ther). H NMR (CDCl, 60 MHz): dppm = 4.53 (s, 2H),
yielded 94% of2b; mp. 217—219 °C (dichloromethame/ ~ 5-93 (M, 1H), 6.53 (m, 1H), 7.20 (m, 10H).

hexane). 1H NMR (Dg-dmso, 60 MHz)&/ppm = 2.21-3.43  C1sH1N,0,  Caled.: C 70.85 H5.55 N 11.02

(m, 4H), 5.58 (m, 2H), 7.16 (m, 10H). (254.3) Found: C 70.99 H5.79 N 11.07.
CyoH1N,0,S Caled.: C 67.43 H5.36 N8.28 S9.47 . . .

(338.4) Found: C 67.18 H5.20 N8.22 S9.66. N,N-Bis(carboxamido)methylbenzami@

3,6-Dihydro-4,5-dimethyl-2-(N-phenylbenzamido)-2H-thia- According to the general procedule N,N-Bis(cyano-
pyran-2¥carboxamid¢2c))/ (N-pheny ) methyl)benzamidesj [5] after 64 h yielded 74% of triamide
According to the general procedutelc [1] after 20 min 6; mp. 225-226 °Crp. [5] 225-227 °C) (ethanol).
yielded 85% oPc; m.p. 188—-192 °C (dichloromethane/ether).
—'H NMR (CDCl, 60 MHz): dppm = 1.47 (s, 3H), 1.73 (s,
3H), 2.30 (AB,J = 15 Hz, 2H), 3.06 (ABJ = 15 Hz, 2H),

2-(N-Phenylbenzamido)isobutyric A¢B) and 2-(N-Phenyl-
benzamido)isobutyramid®)

7.0-7.67 (m, 10H). According to the general procedure).36 g (1.36 mmol) of
C,,H,,N,O,S Calcd.: C68.82 H6.05 N7.64 S8.75 2-(N-phenylbenzamido)isobutyronitril&)[6] in 10 ml of for-
(366.5) Found: C 68.66 H5.87 N7.21 S9.00. micacid after 25 min. gave 0.77 equivalents of carbon mon-

] ) ) . oxide. After removal of excess formic acid the crystalline res-
3,6-Dihydro-4,5-dimethyl-2-(N-(4-nitrophenyl)acetamido)- jgye (0.38 g) was stirred with 100 ml of aqueous 5% NaH-
2H-thiapyran-2-carboxamidgd) CO; at 20 °C for 1 h and the insoluble I8-phenylbenz-
According to the general proceduteld [1] after 15 min  amido)isobutyramide filtered off. Recrystallization from di-
yielded 79% oRd; m.p. 133—-135 °C (dichloromethane/ether/ lute ethanol afforded 0.02 g (5%)®(C,,H,gN,0, = 282.3);
n-hexane). *H NMR (CDCL, 60 MHz): dppm = 1.37 (s, m.p. 182 °C (n.p.[15] 189 °C). *H NMR (CDCl, 250 MHz):
3H), 1.76 (s, 6H), 2.18 (AB] = 15 Hz, 2H), 3.08 (ABJ = &ppm =1.51 (s, 6H), 5.83 (s, 2H, N7.05—7.30 (m, 10H).
15 Hz, 2H), 7.70 (m, 2H), 8.32 (m, 2H). —MS (170 eV, CI-NH): m/z(%) = 283 (6) [MH], 266 (100)
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[MH* — NH;]. The filtrate was acidified withi2 HCI, the

(m, 5H), 8.02 (s, 1H, CHO). — MS (170 eV, Cl-isobutane):

precipitate filtered off and air — dried. After recrystallization m/z(%) = 207 (20) [MH], 190 (100) [MH— NH,].

from dilute ethanol 0.32 g (83%) colourless crystaBwére
obtained (G;H,7;NO; = 283.3);m.p. 187-190 °Crf.p. [15]

185 °C). —H NMR (CDCl, 250 MHz): dppm = 1.52 (s,
6H), 7.08—7.30 (m, 10H). — MS (170 eV, Cl-isobutamez

(%) = 283 (3) [M], 239 (11) [M — CO,], 238 (20) [MF —

CHQ,], 134 (23) [Mr — GHsO4], 105 (100) [M — C,H;»

NO,], 77 (37) [MF — C;;H;,NO5].

Reaction of a-Aminonitriles with Formic-Acetic Anhy-
dride (General Procedure 2)

Calcd.: C 64.06 H6.84 N 13.58
Found: C 63.80 H 6.87 N 13.24.

C11H14N202
(206.2)

Reissert Reaction of 1-Benzoyl-2-cyano-1,2-dihydroqui-
noline (12) in Formic Acid

A solution of 1.10 g (4.23 mmol) df2 [10] in 20 ml of for-
mic acid was stirred at room temperature for 20 h. During
this time a clear red solution was formed and 8 ml of CO
were evolved. Allowing for 5—6 ml resulting from self-de-
composition of the formic acid, about 2 ml (2%) had origi-

In 250 ml flask equipped with stirrer and dropping funnel, tonated from the reaction witt2. After dilution with 200 ml of

10-30 mmol of the startingraminonitrileslOa—c was add-

water and neutralizing with saturated aqueous Na§i@@

ed a mixture of 90 ml of formic acid and 10 ml of acetic benzaldehydgl3) was isolated by steam distillation and iden-
anhydride and the mixture stirred at room temperature. Betified as 2,4-dinitrophenylhydrazone, 0.99 g (82%)p.
cause formic-acetic anhydride decomposes at room temper233 °C (m.p. [18] 234 °C). The solution remaining in the di-
ture at an appreciable rate giving off CO, the reaction wastillation flask was filtered and made slightly basic (pH = 9).
monitored by TLC (silica gel, cyclohexane/ethyl acetate 6/4)Extraction with ether afforded 0.01 g (1%) apfinoline-2-

or by’H NMR. After the disappearance of the starting aminecarboxamide(15); m.p.129 °C (.p. [10] 133 °C). — MS

and the removal of the volatile componentgacuothe res-
idue was purified by recrystallization.

2-Formylaminoacetamidgl1a)

According to the general procedure 2, a mixture of 2.24
(26 mmol) of aminoacetonitrile hydrochloride (98%) and
2.0 g (29 mmol) of sodium formate was stirred for 5 h with
the reagent solution. Evaporation afforded a colourless oi

which slowly crystallized to give 1.32 g (50%) of crudea

(70 eV, EI)m/z(%): 172 (36) [M], 129 (100) [M — CHNO].

The aqueous layer was acidified with acetic acid to pH = 4
and the quinoline-2-carboxylic aci@l4) precipitated by ad-
dition of a solution of 1.27 g (5.08 mmol) of Cug&H,0 in

75 ml of water. The yield of the air-dried bluish-greeriCu

%alt [5], identified by IR, was 0.85 g (98%).

Feaction of 1-Benzoyl-2-cyano-1,2,3,4-tetrahydroquino-
ine (16) with Formic Acid

Recrystallization from isopropanol yielded 0.83 g (31%) col-The reaction of 0.07 g (0.27 mmol)18[13] (general proce-

ourless crystalan.p. 117—-118 °Crip.[16] 117-118 °C). —

dure 1) in 10 ml of formic acid was stopped, when 35 ml of

IR (KBr): vicmm® = 3312, 3170, 1704, 1648, 1536. — CO had been evolved, because TLC (cyclohexane/ethyl ace-

IH NMR (DMSO-dyds, 250 MHz): d/ppm = 3.68 (s, 2H),

7.07 (s, 1H, NH), 7.4 (s, 1H, NH), 8.05 (s, 1H, CHO), 8.19

(s, 1H, NH). — MS (170 eV, Cl-isobutaney/z (%) = 103
[MH"].

C3HgN,O, Calcd.: C 35.30 H5.92 N 27.44

(102.1) Found: C 35.39 H5.96 N 27.33.

2-Formylamino-2-methylpropanamid&lb)

tate 1/1) showed the disappearancé@®énd the formation

of traces of benzoic acid 7). After evaporation the residue
was treated with 30 ml of 5% aqueous NaHG® 30 min,

the solid collected, washed with a small amount of ice-water
and air-dried. There remained 0.05 g (67%) of crude 1-ben-
zoyl-1,2,3,4-tetrahydroquinoline-2-carboxamitig) (Recrys-
tallization from ethanol afforded 0.03 g (41%18f mp.187—

189 °C .p. [12] 188-189 °C). *H NMR (CDCl,,

According to the general procedure 2, 1.2 g of 2-amino-2950 MHz): &ppm = 2.21-3.00 (m, 4H), 5.20 (ddi= Hz,
methylpropionitrile (0b) [17] after 20 h yielded 0.87 g (47%) 1H), 6.72 (s, 1H, NH), 6.85 (did = 2 Hz,Jt = 8 Hz, 1H),
crudellb, recrystallization from ethyl acetate gave 0.48 g7.03 (dtJd= 2 Hz,Jt= 8 Hz, 1H), 7.12—7.45 (m, 6H). - MS

(26%) colourless crystalgyp. 160—163 °Crfup.[7] 169 °C).

(70 eV, Eym/z(%): 280 (2) [M], 236 (16) [M — CH,NO],

— IR (KBr): vicnm! = 3409, 3287, 3040, 1719, 1663, 1650, 105 (100) [M — C,oH;;N,0], 77 (45) [MF — Cy3H;N,O,).

1535. H NMR (DMSO-dy/ds, 250 MHz):dppm = 1.38 (s,
6H), 6.93 (s, 1H, NK), 7.18 (s, 1H, NB), 7.90 (s, 1H, CHO),
8.05 (s, 1H, NH). — MS (170 eV, Cl-isobutang)fz (%) =
131 (100) [MH], 114 (24) [MH— NH].

CH;N,O, Calcd.: C 46.15 H 7.74 N 21.52

(130.1) Found: C 46.09 H 7.85 N 21.73.

2-(N-Formylanilino)-2-methylpropanamidé1¢

According to the general procedure 2, 1.50 g (9.36 mmol) o

2-anilino-2-methylpropionitrile X0c) [9] after 3 h gave

1.38 g (72%) of crudélc which after recrystallization from
ethyl acetate afforded 0.79 g (47%) of colourless crystals;m
m.p. 159-160 °C. — IR (KBr)v/cnT! = 3384, 3190, 1678,

1630, 1597. *H NMR (DMSO-dj/ds, 250 MHz):d/ppm =
1.28 (s, 6H), 6.97 (s, 1H, N 7.12 (s, 1H, Ni), 7.25—7.70
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