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As N-functionalized derivatives of amino acids (XCH,NHCHCO,H), N-alkylthiometh-
yl (X=RS) and N-amidomethyl (X=RCONH) derivatives have been furnished by the
reaction among XH, formaldehyde, and amino acid.

Keywords amino acid derivatives; formaldehyde; amide; alkanethiol; N-
(alkylthiomethyl)amino acid; N-(amidomethyl)amino acid; N,N-bis(amidomethyl)-
amino acid

In our attention to amino acid chemistry it seems interest to furnish N-(alkylthiomethyl)-
and N-(amidomethyl)amino acids as possibly versatile N-functionalized derivatives. They
are amino acid analogs of the previously reported alkylaminomethyl alkyl sulfide hydrochlo-
rides® and N-(alkylaminomethyljamide hydrochlorides.? Although several examples of
N-(amidomethyljamino acids have been synthesized,? we wish to describe, in the present
paper, synthesis of both the amino acid derivatives with additional informations.

Alkylaminomethyl alkyl sulfide hydrochlorides have been previously reported® to be
prepared by the condensation among primary amine hydrochloride, formaldehyde, and
alkanethiol in ethanol. N-(Alkylthiomethyl)amino acids, a new type of sulfur-containing
derivatives of amino acids, have now been synthesized generally by a similar mode of the
reaction of the corresponding materials in aqueous ethanol, where in place of primary amine
hydrochlorides amino acids are effective as reacting species.

R2 R?
RISH + CH,0 + NH,CHCO.H — RISCH,NHCHCO.H + H,0

It may be emphasized that a large excess of formaldehyde (8 molar equiv.) against amino
acid and alkanethiol is necessary to induce the reaction. A series of N-alkylthiomethyl
derivatives of amino acids (Ia—f) prepared are listed in Table I. They are insoluble in any
common solvent, and their crystals were obtained in pure state as precipitates deposited in
the reaction solution. Under the same reaction condition glycine and f-alanine were inert
to the reaction.

Similarly, N-amidomethyl derivatives of amino acids were synthesized by the reaction
among amino acid, formaldehyde, and amide, as reported previously® for several examples
of them.

R? R3 R2R?
RICONH; + CH:O + NHCHCO,H —> RICONHCH;N-CHCOH + Hy0

We obtained the compounds (ITa—i) listed in Table II by carrying out the reaction in
aqueous ethanol or in water in which use of large excess of formaldehyde (4 molar equiv.)

1) Location: 2~2-1 Oshika. Skizuoka-shi, 422, Japan.

2) Y. Terao, K. Matsunaga, and M. Sekiya, Chem. Pharm. Bull. (Tokyo), 25, 2964 (1977).

3) Y. Watase, Y. Terao, and M. Sekiya, Chem. Phaym. Buil. (Tokyo), 21, 2775 (1973).

4) a) F. Lauria, C. Bernardelli, G. Tosolini, and W. Logemann, Aunn. Chem., 706, 233 (1967); b) Idem,
ibid., 706, 237 (1967); ¢) H. Fraenkel-Conrat and H.S. Olcott, J. Am. Chem. Soc., 70, 2673 (1948).
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TaBrLe I. N-(Alkylthiomethyl)amino Acids

R2
RISCH,NHCHCO,H
c » c Analysis (%)
ompd. Yie mp (°C Found (Calcd.
No. R R? (%) ( degz.) ) Formula, ( )
C H N
Ia C.H,CH, CH, 74 210—212  C,H,NO,S (gg:% (g:% (g:%;‘)
Ib C,H,CH, CH(CH,), 42 163—166 C,H,NO,s 01.33 7.50 5.46

(61.64) (7.56) (5.53)

67.29 6.32 4.68
Ic C(H,CH, CH,C,H; 78 181184 CyHuNOS (%6 (6736) (465

62.98 7.93 5.34

d CHCH, — CHCHCH), 8 1s2-1865 CHuNOs (298 7.8 534

le  CH, CH, 57 182184  C,H,;NOS (g:zg) (gzgg) (;:gé)
— ' 5.01 8.61 6.

() CH, 5 18-l GHNoS (20 BEL 614

TasrLe II. N-(Amidomethyl)amino Acids
R? R?
RICONHCH,N—CHCO,H

Analysis (%)
Compd. 3 Yield mp (°C) " Found (Calcd.)
No. Rt R? R (%) (dec.) Formula . - .

59.24 6.34 12.52

Ia  C.H, CH, o1 1521599 C,H,N,0, (2041 634 1292
Ib  CeH, CH(CH,), 65 146148 .Cifi)‘sNzoa (ggﬁg) (;Zg% (igﬁﬁ)
Te  C.H, CH,CH(CHy), 74 164—166 Cyp,HyN,O, (ggjg% (;:gg) (}8:‘1%
I CH, CHGH, 8 157—159 CppesO @098 808 O

60.72 6.76 11.84

= s« N« c R « A« S« R « < s B o

Te  C,H,CH, CH, 180185 Cu N0, (@720 870 .81
If  CH, CH, 9 1641650 CHLN,0, (j7d0 T8 (1750
Ig CH, CH(CH,), 1601620 CHLN0, 210l &5 18
In  CH, CH, 82 28206 CHNO, (T 70 D56 1258
I CH, CH(CH,), 89 152153 CHLN0, (5330 878 1599
I CH, CoH, 13- CuN0, &30 T8 OED
Ik CH, CH, H 64 L9151 CuEN0, (R 8 28

@) lit.%®) mp 150—154° (dec.) b) lit.%® mp 176—180° (dec.) ¢) 1it.49 mp 164° (dec).

was necessary. The compounds, IIa—e, obtained as precipitates deposited in the reaction
solution, are insoluble in any common solvent, whereas I1f—i are soluble only in water. The
case of using a-phenylglycine was an exception to the above procedure. Its N-benzamido-
methyl derivative (IIj) was obtained by carrying out the reaction in HCl-containing aqueous
ethanol in the use of very large excess (40 molar equiv.) of formaldehyde. On the other hand,
sarcosine possessing secondary amine residue reacted easily by the use of small excess (1.5
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molar equiv.) of formaldehyde. The reactions of glycine and of p-alanine with formaldehyde
and benzamide were distinguished from that described above, giving N,N-bis(benzamido-
methyl) derivatives (IIla, b) which have not been described previously.

CsH;CONHCHS,.
2C¢HsCONH; + 2CH,0 + NH:(CH2)»CO:H —> N(CH2)»CO:H + 2H0O
CsH;CONHCH,”
Ma(x=1), Yield, 529%
Ib(n=2), Yield, 65%

Experimental

All melting points are uncorrected. All a-amino acids used are racemates except leucine which is r-
isomer.

N-(Alkylthiomethyl)amino Acids . (Ia~—f) General Procedure: N-(Alkylthiomethyl)amino acids
listed in Table I were prepared by the following general procedure.

To a saturated aqueous solution of 0.03 mol of amino acid, 18 ml (0.24 mol) of 379, formalin and, suc-
cessively, a solution of 0.03 mol of alkanethiol in 30 ml of EtOH were dropwise added with vigorous stirring
at 35—40°. The mixture was stirred and warmed for further 5 hr and then allowed to stand overnight at
room temperature. The deposited fine crystals were collected by filtration followed by washing with petr.
ether and then water. The product obtained in every case was shown to be analytically pure without further
purification. Yields, melting points, and analytical data are recorded in Table I.

N-(Amidomethyl)amino Acids (Ila=k) Either of the following four procedures is chosen for the
preparation of N-(amidomethyljamino acids listed in Table II. Table IT also shows yields, melting points,
and analytical data of the products.

a) General Procedure for Ila—e: To a saturated aqueous solution of 0.5 mol of amino acid, 150 ml
(2.0 mol) of 37% formalin and, successively, a solution of 0.5 mol of amide in EtOH (20 ml for benzamide,
50 ml for phenylacetamide) were dropwise added with stirring at room temperature, and the stirring was
continued for further 1 hr. A small amount of crude crystals deposited at this time was removed by filtra-
tion, and the filtrate was allowed to stand for three days in a refrigerator. The deposited fine crystals were
collected, washed with EtOH, and dried. The product obtained in every case was shown to be analytically
pure without further purification.

b) General Procedure for IIf—i: To a saturated aqueous solution of 0.5 mol of amino acid combined
with 150 ml (2.0 mol) of 37% formalin, 0.5 mol of acetamide or propionamide was added in several portions
with stirring. After standing overnight at room temperature, the reaction solution was concentrated under
reduced pressure below 45°. In every case, for the preparation of the pure material the obtained crystals
were once reprecipitated by addition of acetone to their aqueous solution.

c) N-Benzamidomethyl-a-phenylglycine (IIj): To a solution of 30g (0.2 mol) of «-phenylglycine
dissolved in 300 ml of 1~ HCl combined with 600 ml (8.0 mol) of 379, formalin, 24 g (0.2 mol) of benzamide
in 200 ml of EtOH was dropwise added with stirring at room temperature. After standing overnight, the
reaction solution was neutralized with 300 ml of Ix NaOH on cool and the deposited fine crystals were
collected, washed with water, and dried.

d) N-(Benzamidomethyl)sarcosine (IIk): The reaction was carried out by a similar manner as describ-
ed in a) except that 56.3 ml (0.75 mol) of 37%, formalin was used. After standing overnight at room tem-
perature, the reaction solution was concentrated under reduced pressure below 45°. The residual material
crystallized in a refrigerator was collected, washed with a small amount of acetone, and dried. NMR?®
(in DMSO-d) 6: 2.42 (3H, singlet, CH,), 3.42 (2H, singlet, >NCH,CO-), 4.43 (2H, doublet, /=6 Hz, >NCH,-
N<), ca. 6.00 (1H, broad singlet, OH), 7.65—8.21 (5H, multiplet, aromatic protons), 9.05 (1H, triplet, J=
6 Hz, -CONH-).

N,N-Bis(benzamidomethyl)glycine (IIIa) and N,N-Bis(benzamidomethyl)-f-alanine (I11b) To a solution
of 0.03 mol of glycine or f-alanine in 30 ml of H,0, 3.0 g (0.036 mol) of 379, formalin and, successively, 3.6 g
(0.03 mol) of benzamide in 30 ml of EtOH were dropwise added with stirring at room temperature, and the
stirring was continued for further 1 hr. A small amount of crude crystals deposited at this time was removed
by filtration, and the filtrate was allowed to stand for several days at room temperature. The deposited
fine crystals were collected, washed with water and then EtOH, and dried. The material was shown to
be analytically pure without purification.

IIla: prisms, mp 164—165° (dec.). Yield, 52%. IR »iiicm~': 3294 (NH), 2770 (NH*), 1679, 1545
(CONH), 1648, 1411 (COO-). Anal. Calcd. for C,gH;4N;0,: C, 63.33; H, 5.61; N, 12.31. Found: C, 62.93;
H, 5.65; N, 12.74.

5) Determined at 60 MHz using TMS as an internal standard.
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IITb: prisms, mp 142—143° (dec.). Yield, 65%. IR »Xifcm-1: 3284 (NH), 1674, 1528 (CONH),
1612, 1400 (COO~). Amnal. Caled. for C,,H,;NO,: C, 64.21; H, 5.96; N, 11.83. Found: C, 64.37; H, 6.05;
N, 11.83.

Acknowledgement The authors are indebted to the members of the Analysis Center of this college
for microanalyses.
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Studies on Constituents of Medicinal Plants. XIX.V
Constituents of Schizandra nigra Max. (3)
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(+)-Catechin-78-p-glucopyranoside was isolated from the wooden part of Schizandra
nigra MAX,

Keywords (+)-catechin-78-p-glucopyranoside; Schizandra nigra Max.; NMR;
MS; magnoliaceae

The authors have previously isolated schizandronic acid,® schizandrolic acid,® schiz-
andronol? and oplodiol® from the methanol-soluble fraction of the wooden part of Schizandra
nigra Max. and elucidated the structures of the former three. This paper concerns with
the isolation and the structural elucidation of a new (+)-catechin glucoside. As the (4)-
catechin type glycoside, (-+)-catechin-7-L-arabinoside,® (+)-catechin 5p-p-xylopyranoside,®
(+)-catechin-7 g-p-xylopyranoside” and (+)-catechin-7 o-L-rhamnopyranoside® have been
reported.

The methanol-soluble fraction afforded a compound (I), CyH,,041-114H,0, colorless
needles of mp 2156—216°, [o]%#=—33.4 (¢=1.0, MeOH). = Compound I gave green coloration
with FeCl; and shows the ultra-violet (UV) absorption maximum at 281.5 nm (log ¢ 3.56) and
the infra-red (IR) absorption bands (cm=!) at 3600—3000 (OH), 1620, 1600 (benzene ring),
1170—1030 (-C-O-). Compound I afforded octaacetyl derivative Cg,H,(O,9 (II), colorless
needles of mp 130° on acetylation with acetic anhydride and pyridine, and trimethyl deriva-
tive Cy,Hjy0y;-H,O (III), colorless needles of mp 171—174° on methylation with diazo-
methane, but I did not afford tetramethyl derivative on methylation with diazomethane.

On enzymatic hydrolysis with g-glycosidase (emulsin), ITT afforded p-glucose and a com-
pound C;Hy,0O4 (IV), colorless plates of mp 261—264° and IV afforded a compound C,gH,,0,
(V), colorless needles of mp 1456—147° by methylation with diazomethane. The compounds

1) Part XVIII: M. Takani, K. Kubota, M. Nozawa, T. Ushiki, and K. Takahashi, Chem. Pharm. Bull.
(Tokyo), 25, 981 (1977).

2) Location: Takaramachi, Kanazawa, 920, Japan.

K. Takahashi and M. Takani, Chem. Phaym. Bull. (Tokyo), 23, 538 (1975).

K Takahashi and M. Takani, Chem. Pharm. Bull. (Tokyo), 24,2000 (1976); H.Minato and M. Ishikawa,

J. Chem. Soc., 1967, 423.

) K. Weinges and R. Wild, An#n., 734, 46 (1970).

) R.W. Doskotch and S.K. Chatterji, Science, 167, 380 (1970).

) T.K. Chumbalov, L.T. Pashinina, and N.D. Storozhenko, Khim. Prir. Soedin, 1976, 103.
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