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Analogously to the Strecker degradation method, x-amino acids were converted to
carbonyl derivatives by treatment with N-sulfinylaniline below 100° in dimethylsulfoxide
(or benzene). The sodium salts prefer to the free acids as substrates (35—759%, yield).
In contrast with other a-amino acids, glycine was further oxidized to formic acid deriva-
tive. Also, a-amino acid ethyl esters were submitted to the same treatment and usually
converted to keto acid esters as expected. However, the reaction of ethyl glycinate
proceeded unordinarily to afford diethyl 1,2,5-thiadiazole-8;4-dicarboxylate. The degra-
dation reaction pathway of z-amino acids was discussed with some evidences and specula-
tions.

It has been well-known that the sulfinyl group of N-sulfinylaniline transfers to nitrogen
of more basic amine via interchange by the equilibrium reaction.» This knowledge suggests
that the reaction of a-amino acid with N-sulfinylaniline may proceed analogously to afford
N-sulfino e-amino acid cyclic anhydride which contains the reactive carboxyl group. As a
preliminary trial, reaction of pr-phenylglycine with N-sulfinylaniline® in dimethylsulfoxide
(DMSO) was carried out by heating for a few hours expecting the formation of N-sulfino pr-
phenylglycine cyclic anhydride (1) through the sulfinyl group transfer.® However, the reac-
tion did not proceed in this manner and gave rise to the oxidative degradation affording ben-
zylideneaniline (2) (Chart 1).

CsHs-CH-CO.
— | O + CeHsNH:
l NH-SO”

C6H5(|:HC02H + CeHsNSO — 1
NH:
————  CeHs;CH=NCsHs + NH; + SOs + S + CO»
2
Chart 1

This observation prompted us to investigate reactions of several a-amino acids with N-
sulfinylaniline for developing a new method of their degradation. The reactions were carried
out in anhydrous DMSO and afforded usually carbonyl derivatives. Table I shows a-amino
acids treated, reaction conditions and results. The results-indicate that the sodium salts prefer
to the free acids as substrates. This may be caused because the sulfinyl group transfers from N-
sulfinylaniline easier to the sodium salts than to the free acids under the government of basicity
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TasLe I.  Reactions of a-Amino Acids with N-Sulfinylaniline (an equimole) in DMSO
R
R ([: -COoM Reaction
NH, ——— Product Yield (%)
Temp. (°C) hr

R R’ M

H H H 80 1
C;H;N=CHNHCH®

H H Na 80 1 35

pL CH, H Na room temp, 6 CH,CHO® 72

oL (CH,),CH H H room temp. 6 24

oL (CH,;),CH H Na room temp. 6 54
(CH,),CHCHO?)

L (CH,),CH H H room temp. 6 25

L (CH,),CH H Na room temp. 6 49

pL CgH H H 80 4 57
CH;,CH=NC,H,"»

oL CgHj H Na room temp. 4 76

pL CH; CHj, Na 100 10 CC“E?C —NC,H, 72

a) dimethon : mp 142—143° (ethanol)®>
b) dimethon : mp 154° (ethanol)®

strength. Among a-amino acids treated, glycine differed from others in the sense that it was
oxidized further to N,N’-diphenylformamidine® over the carbonyl derivative. Thus, this
procedure can be used as a new tool in the Strecker degradation reaction® because it is
furnished with mild reaction condition, easy operation and comparative good yield.

Also, the reaction of a-amino acid esters with N-sulfinylaniline was examined in various
solvents. As expected, the treatment of ethyl pr-phenylglycinate gave ethyl benzoylfor-

Tasre II. Reactions of a-Amino Acid Esters with N-Sulfinylaniline in
Anhydrous Aprotic Solvent

Reaction
Ester ———— Solvent Product Yield (%)
Temp. (°C) hr
oL CgH,CHCO,C,H, 80 2 DMSO 31
| CeH;COCO,C,H,»
NH, reflux 2 benzene 29
CH,CO,C,H 80 2 DMSO 24
2 amas H5C2020'—C_—C’*C02C2H5{”\
NH, reflux 2 benzene L\III\S/IH\I 30
or
ether

a) bp 138°/12 mmHg. 2,4-Dinitrophenylhydrazone, mp 136° (ethanol)*®.

b) dimethon: bp 97°/3 mmHg®>-
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mate.l? However, the same treatment of ethyl glycinate exhibited an unusual result affording
diethyl 1,2,5-thiadiazole-3,4-dicarboxylate!® (Table II).

Like the case of «-amino acids, aliphatic primary amines were converted to carbonyl deriv-
atives via the oxidative deamination by the treatment with N-sulfinylaniline, suggesting that
the reaction pathways may be analogous between both series of compounds. - Though whole
aspect of these results will be reported in the subsequent paper, we quote some from these
results because they help the discussion of the reaction pathway of «-amino acid degradation.
For the oxidative degradation, N-sulfinylaniline is supposed to work on a-amino acid through
either of three most probable ways, A, B and C (Chart 2). This supposition is based on judg-
ing from the chemical behaviors of N-sulfinylaniline which have been already made clear and
from the fact that the reaction is usually accompanied with by-productions of sulfur dioxide
and sulfur.

R R ) R

| 4 ‘ , oo
CH:NSO + R’—CI*NHZ :__%’R’—(IJ—NHSONHC(;Hs_—: R’—?—NSO-Jr C:H:NH.
CO.H CO.H ' - CO.H
C:H:NSO | —S0, R HH! 5
B L R\ /NH/\ o ol ciniE:)
- = = J = C N f‘Li
3
R—C Nj'é NoCR
. NH : B , *B-5 {0 CO:H
_ B, | I
| - v R R
R CoH:NH, } i S U B G
~NC =N _ 5 2 A N Q@ N (N D
g O NCels T s —co. R ? N=8=N-C-R ——oo HO.C S—O0 CO.H
N CO:H CO.H &
Chart 2

Pathway A: N- Sulﬁnylamhne transforms in the presence of base to N,N’-diphenylsul-
furdiimine (3)'? which may act as oxidiz mg agent to bring a-amino acid to carbonyl derivative.
As a trial, isobutylamine was treated with the sulfurdiimine (3)'® in DMSO at 80° for one hour.
However, this attempt did not afford isobutyraldehyde but 2-(N-phenylsulfenamoyl)-iso-
butyraldehyde (8) (Chart 8). Thus, this pathway is excluded.

CHs. ' " CeHsN=S=NCsHs - CHs
CHCH:NH: - C-CHO
, o : s
CHs 80°, 1hr, in DMSO CHs” dnpic H,
8

Chart 3
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Pathway B: On the way of reaction where the sulfinyl group transfers from aniline to
«-amino acid, it passes through the intermediate (4). The oxidative degradation reaction may
be supposed to occur via the decomposition of this intermediate as shown in Chart 2. How-
ever, it denies this route that the degradation reaction of prL-2-amino- 2~phenylprop10n1c acid
(Table I) can not be explained by this route.

Pathway C: The sulfinyl group of N-sulfinylaniline transfers to a-amino acid® to produce
5 via which the degradation may occur. To prove the possibility of this route, the following
experiments were made. Isobutylamine was treated with N-sulfinylaniline in cold ether pro-
ducing N-sulfinylisobutylamine (9)'® in 249 yield.

CH3\ . COld CHS\ . :
CHCH:NH: + C¢H;NSO — CHCH NSO + CeH:NH2
CHy” in ether CHy”
9 249%
80°“ " CHs
- - > CHCHO 3%
CHa. in DMSO CH3”
CHCHoNSO —
CHy” e 80° - - CHay : :
CHCHO - 329%

aniline, in DMSO - CHy/
Chart 4 -

Heating of 9 in DMSO at’ 80° afforded no 1sobutyraldehyde more than trace (3%, yield).
But addition of aniline to the reaction mixture facilitated the oxidative deamination markedly
to improve yield of isobutyraldehyde (Chart 4). This suggests that the deamination easily
occurs #ta 5 and aniline plays some role in the reaction. Though steps after 5 are not clear,
the formation of diethyl 1,2,5-thiadiazole-3 ;4-dicarboxylate from ethyl glycinate (Chart 6)
gives some bases to the speculation of reaction course which involves the sulfurdiimine (6) as
an intermediate: The carbonyl derivative (7) is produced by the action of aniline on the sul-
furdiimine (6) which is formed by dimerization of 5 followed by elimination of sulfur dioxide.
Moreover, the explanation agrees with experimental observation that sulfur dioxide and sulfur
are produced in the course. However, as chemical properties of aliphatic sulfurdiimine have
not been made clear, there remain some doubts about the eXplanation which should be resolved,
in future. The formation of N,N’-diphenylformamidine from glycine in reaction with N-
sulfinylaniline (Table I) is speculatively interpreted as shown in Chart 5:* That is, aniline adds
to the initial degradation product (methyleneimine) and the resulting N-phenylmethylene-
diamine suffers again the action of N-sulfinylaniline to produce N,Nf—phenylformamidine.

‘ —COq CsHsNHz : e "‘CGH5NH2
HO:CCH:NSO ——— (CH:=NH), — CoHsNHCHzNHz e CeHaNHCHzNSO v
) o —S0, . , CeHoNSO i
=S ' SOz
. : -S
“CeHs;NH,

CoHsNHCH=NCeH; <« . CoHGNHCH=NH = |
| S _NH :

" Chart 5

The unusual reaction where diethyl 1,2,5- thiadiazole-3,4- dlcarboxylate was formed from
ethyl glycinate (Table II) was presumably interpreted as passing through b (Chart 6). This
interpretation stands just on the reference of the report that reaction of benzyl phenyl ketone
with thionyl chloride produces the olefin derivative via sulphme (10) and the thurane (11)

13) D. Klamann, C. Sass and M. Zelenka, Chem. Ber., 92, 1910 (1959). :
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intermediates!® (Chart 6, a). An effort is being paid to provide direct evidences for the mecha-
nistic interpretation of the above both cases.

S0Cl CsHs S\_COCH
CsHsCOCH,CsHs  — CH;COCC.H, ° / \, ot CsHs\C: _COC,Hs
Lo —S0: CH;CO CHs —S CH:.CO' NCeHs
11 :
10 @)
CoHs0:C S\ _CO,CH, CHs0:L7—CO,CHs
C:H,0,CCHNSO—S2ENSO 1 0,coNSO ﬁ Zhetio NN
— CsHsNHz ” —_— 502 §87 —_— S
S0
(b)
Chart 6
Experimental

All melting and boiling points were uncorrected. Infrared (IR) spectra were recorded with a JASCO
IRA-1 Spectrophotometer. Nuclear magnetic resonance (NMR) spectrum was obtained in CCl, with a
JOEL DS-100 spectrometer using tetramethylsilane as an internal standard. Mass spectrum was deter-
mined on a JEOL JMS-OISG spectrometer. The identifications of all products were carried out by mixed
melting point determinations and comparisons of IR spectra with authentic samples.

Materials: N-Sulfinylaniline, N,N’-diphenylsulfurdiimine,'® pL-2-amino-2-phenylpropionic acid,!®)
ethyl glycinate,® ethyl pr-2-phenylglycinate!” and sodium salts of x-amino acids!® were prepared by the
methods described in literatures. Other starting materials were obtained commercially.

Reactions of a-Amino Acids and Their Sodium Salts with N-Sulfinylaniline——General Procedure: To
«-amino acid or its sodium salt (50 mmoles) in anhydrous DMSO (40 ml) was added dropwise N-sulfinyl-
aniline (50 mmoles) while stirring and then stirring was continued for 30 min. The mixture was further
kept at room temperature —100° for 1—10 hr while stirring. The reaction mixture was poured into ice-
H,O (100 ml). The subsequent operations were carried out in two ways. 1) In the case of glycine, prL-2-
phenylglycine, pr-2-amino-2-phenylpropionic acid and their sodium salts: The mixture was extracted
with benzene (100 ml) and the benzene layer was washed with H,O, 10% aq. HCl solution, 5% aq. NaHCO,
solution and then H,0, dried over anhydrous MgSO, and evaporated to dryness. The residue (anil compound)
was purified by recrystallization. 2) In the case of pr-alanine, prL- and r-valine and their sodium salts:
The mixture was steam-distilled until the distillate reached to 40 ml. This operation caused hydrolysis
of the product (anil) to the aldehyde which was characterized as the dimethone derivative. Reaction con-
ditions and results were recorded in Table I.

Reactions of a-Amino Acid Ethyl Esters with N-Sulfinylaniline——The reaction of «-amino acid ethyl
ester (50 mmoles) with N-sulfinylaniline (50 mmoles) in anhydrous solvent (DMSO, benzene or ether, 40 ml)
was carried out just as in the case of the free acid. The product was isolated from the reaction mixture by
extraction with benzene and purified by distillation under reduced pressure. Substrates, reaction condi-
tions and results were listed in Table II.

Reaction of Isobutylamine with N,N’-Diphenylsulfurdiimine (3)——To isobutylamine (5.1 g, 70 mmoles)
in anhydrous DMSO (40 ml) was added dropwise N,N’-diphenylsulfurdiimine!® (7.5 g, 35 mmoles) while
stirring and stirring was continued at 80° for 1 hr. After cooling, the reaction mixture was poured into ice-
H,O and extracted with benzene (100 ml). The benzene layer was washed with 109, aq. HCl solution, I,0,
5%, aq. NaHCO, and then H,O, dried (MgSO,) and evaporated to dryness. The residue was purified
repeatedly by silica gel column-chromatography yielding a yellowish oil (3.4 g) of 2-(N-phenylsulfenamoyl)-
isobutyraldehyde (8). Anal. Calcd. for C,;H,,ONS: C, 61.51; H, 6.71; N, 7.15. Found: C, 61.04; H, 6.50;
N, 6.85. IR ¥t cm—1: 3380 (NH), 1720 (C=0). NMR (CCl,) d: 1.24 (6H, singlet, CH,), 4.92 (1H, singlet,

H), 6.68—7.32 (5H, multiplet, CgH;). Mass Spectrum m/e: 195 (M),
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18) M.M. Weizmann and L. Haskelberg, Compt. Rend., 189, 104 (1929).

NII-Electronic Library Service



No. 11 2659

N-Sulfinylisobutylamine To isobutylamine (14.6 g, 200 mmoles) in ether (100 ml) was added drop-
wise an ethereal solution (50 ml) of N-sulfinylaniline (27.8 g, 200 mmoles) at room temperature for 30 min.
The ether solution was evaporated to dryness and the residue was distilled % vacuo to afford a yellowish
oil (5.7 g), 249, yield, bp 45° (50 mmHg) which was identical with an authentic sample!® in comparison
of IR spectra.

Thermal Treatment of N-Sulfinylisobutylamine a) N-Sulfinylisobutylamine (3.3g, 25 mmoles)
was dissolved in DMSO (10 ml) and the solution was heated at 80° for 3 hr. After cooling, to the solution
was added H,O (50 ml) and steam-distilled until the distillate reached to 20 ml. To the distillate was added
dimedone (7.0 g) dissolved in 50%, ethanol and the precipitating dimethone was collected by filtration and
recrystallized from 909, ethanol affording isobutyraldehyde dimethone (0.25 g), 3% yield, mp 154° alone
and on admixture with an authentic sample, b) N-Sulfinylisobutylamine (3.3 g, 25 mmoles) and aniline
(2.3 g, 25 mmoles) was dissolved in DMSO (10 ml) and the solution was treated just as (a) affording the iso-
butyraldehyde dimethone (2.7 g), 32% yield.
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