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The syntheses of l-acyl-4-snbstituted piperazines are reported.
analgetic activity ir mice using both a pressure method and the D’Amour-Smith method.

activity relationship is discussed.

Recently, a wide variety of physiologically active
compounds having a piperazine ring as a structural
feature has been described. These include antihista-
minic,? tranquilizing,® ganglion stimulating,* and anti-
tumor agents.?

In the previous papers of this series,® it has been
shown that 14-bis(aryloxyacetyl)piperazines obtained
by the reactions of 1,4-bis(chloroacetyl)piperazine with
phenols were interesting as antipyretic analgetic agents.
In order to investigate a structure-activity correlation
in the class of 1-acyl-4-substituted piperazines, 1,4-
bis(acyl)piperazines and 1,4-bis(alkoxyacyl)piperazines
were prepared by general methods and the analgetic
activity measured with mice showed a great activity
in 1,4-bis(butyryl)piperazine (13, Table II).

All of these compounds were tested for
Their structiure—

In particular, the title compound showed promising analgetic activity.

tivity of 1-acyl-4-cinnamylpiperazine hydrochlorides
has never been described. These facts prompted us to
investigate the structure-activity correlation of 1-acyl-
4-phenyl-, 1-acyl-4-arallkyl-, and 1-acyl-4-cinnamylpiper-
azines, These piperazine derivatives were prepared by
the four methods as illustrated in Chart I.

The intermediates required in this study were syn-
thesized by the methods as depicted below. 1-Cin-
namylpiperazine (4a) (ArY = CsH,CH=CHCH,)
was synthesized by the deformylation of 1-cinnamyl-
4-formylpiperazine (3a) which was obtained by the
treatment of 1-formylpiperazine (1) with cinnamyl
halide (2) in the presence of NaHCO;. The nmr spec-
trum of 4a showed a doublet at 7 8.5 and a doublet-
triplet centered at = 3.96 arising from the two olefinic
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The analgetic activity of 3-cinnamyl-8-propionyl-
diazabicyclo[3.2.1]octane’ and the antihistaminic ac-
tion of l-benzhydryl-4-cinnamylpiperazine hydrochlo-
ride® have been reported. However, the analgetic ac-

(1) Part 1V: K. Nishino, N. lchinoseki, K. Shishido, and T. lrikura,
Yakugalkuw Zasshi, 88, 715 (1965).

(2) R. A, Marshall, H. P. Sawyer, Jr., and B. E, Lincoln, Jr., J. Maine
Med. Ass., 54, 169 (1963).
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(4) S. Murayama and K. R. Unna, J. Pharmacol. Exzp. Ther., 140, 183
(1963).

(5) B. W. Harrom and J. A. Carbon (Abbott Laboratories), German
Patent 1,138,781 (Oct 31, 1962).

(6) (a) T. lrikura, K. Nishino, and N. lchinoseki, Yakugaku Zasshi, 88,
785 (1963): (b) T. lrikura, K. Masuzawa, M. Kitagawa, and H. Uchida,
ibid., 84, 744 (1964).
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protons with a large coupling constant (J = 106 cps),
indicating that these two hydrogen atoms are trans to
each other. In an attempt to obtain 1-substituted
piperazines without using a protective group, we could
not synthesize 4a by the selective reduction of 4-cin-
namyl-2-piperazinone with NaBH, in triethylamine.®
1-Acylpiperazines (6, Table I) were prepared by re-
moving the formyl group from l-acyl-4-formylpiper-
azines (5) using the technique of Powers!? for N-formyl-
diethylamine.

(8) Laboratoria Pharmaceutica DR. C. Janssen, N. V., British Patent
809,760 (March 25, 1936).

(9) K. Masuzawa, H. Uchida, and M. Kitagawa, Bull. Chem. Soc. Japan,
40, 244 (1967).

(10) J. C. Powers, R. Seidner, and T. G. Parsons, T'efratedron Letiers,
1713 (1465).
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TanLe 1 azines gynthesized were oils and thercfore were isolated
1-ACYLPIPERAZINES as hydrochlorides.

RC ON/_\‘\'H Pharmacology. The methods used for cvaluating
\_/ the analgetic activity of the compotunds in Tables 1]
Yield, - Pieralim - and ITT were the pressure method?!? and the 1’ Amour-
No. I Iip (), ©C o Mp, °C Formady? Smith’s method.’®  In the experiments to test the ae-
ga Ol 0-112(1.0" 8.1 228230 CuelhuNiOx tivity of the compounds by the pressure method of
oy L RS T Dt sOs Green's as modified by Takagi, el al., constant water

i n-CsHn 131-136 (2.0) 05,9 159-160.5 CisHaN30s 7 &0 )
« All compounds showed au correet analysix for ¢, T, N. pressure was applied to the tail of a 20-g mouse and the
¢ Lit.5® bhp 05-103° (0.5 mm). pressure was recorded on a smoked paper through o Hg

Tanue Il
1,4-B1s(ACYL)PIPERAZINES AND RELATED CoOMPOUNDS

RCON NCOR
—/
D'Ancoar—
Mp* oor Pressure”  Smith?¢
bp (mm), Yield. L Dsa, i Dsq, F:Dsce.
Group No. R °C b Formuta Analyses’ mg/kg po ip ip
A 11 CHjx 142-143 47 .4 CsHiN, O, C, H, N 5100 04 0
12 GH, 8890 52,3 CyuHpNaOs G\ 1750 0 0
15 n-Cs;H4 29-31 60.0 CHpu N0, C, H, N 836 11.27 .83
14 ’i-CaHj 131—132 34 1 CquzNzOz ll, N, Cg 1 80 0 1 A_J
15 n~CyHg" 54-53 36.8 C1sHN,Os N 390 0.78 7.9
16 ~CH g 110-111 02.4 C14H6N20. C, H, N 445 8.49 6.1
17 ’n-C5Huh 72—73 62 . O ClsHaoNzoz C, Il, \v 338 4 . 72 4 . (3
18 n-Csng" 41—43 49 . 6 0181{34N2()2 N (396 4. 32 4. 3
19 n~-CrH s 64-66 85.8 CaHgsN 202 C, 11, N >3000 3.23 t.3
20 CeH;? 193-194 92.2 '15H15N202 C,H N >1000 0 L
21 o0-CsHCl 222 70.2 C1sH1N20:Cl, C, HJ N >1000 4] .
22 3,45CH(0CIH); 218220 337 CapHyNaOs ClN S1000 0 )
B 23 CH,0CHL. 82-83 82,4 ChpHeNoO; CH N S4000  3.25 27
24 C.H;OCH, 71.5-7h 88.7 C12H»N,0, ¢, N 775 9.12 155
25 ’)L-CaH7OC“g . 67 .1 (114H25N2()4 (‘} Il, N 1400 3.04 24
20 1-C;H,OCH., 0. 5.0 C1:HasN,O4 ¢, H, N 1400 2,08 ..
.ZT IZ-C4I{gOCI‘1: 52—{‘)4 30 .6 CmIIaoNQO; (“ ] 1x \v 185' 7 . 74 | 3] ‘;
ES 'l.-C4H90CI’le 12‘)—125 31 .3 C16H30Nzo; V . ()
29 (CHa )3COC 1 I;A 120-122 31.8 (,716H30N204 (“, ] I, N 8]
3() 72-05H11OCH2 280(10) 206 C1gH34N201 (‘r, ”, N 0
31 7L-C5H1300I{2 250 (2) 4.5 C:30H38N204 N ) .
32 ﬂ-(ng‘InOCI‘Lx 27-31 188 CQ4H45N;‘O4 N e 1 e
C BB CsH;NHCH, 250 39.5 CooHpuN4Os ¢, 1, N >1000 0 9.4
3 0-CICsH,NHCI1, 260 15.4 CasHN4O:Cly ¢, H, N >1000 0 0.2
) C5H511VCI’1¢ 191-193 11.2 (:‘;}'QHZSN:;();} (‘r, I{, N >1000 0 9.0
1
Cl;
36 Cé]l{)f(:]l;{ 210-213 11.2 Cud LN O, N >1000 )] 20,2
Cylls
37 C:GI{;,SCIIQ 152-153 828 (jgul’lz;gx‘l)ozSz (:‘/, ll, N >1000 0 6.1

¢ Crystallization solvents: 11 (Me,CO); 20 (IKtQH); 12-15 (LtaO-petroleunt ether (bp 30-70°)); 16-19, 23-27 (ligroin); 21, 28,
29 (MeOH); 22, 33-87 (DMF); 30-32 (MeCN). ? Potency ratio to sulpyrin (sodinm methylaminoantipyrine methancsulfonate ¢
(= 1). * The EDy for sulpyrin by this method is 425.6 mg/kg ip. %0 = noeffect. ¢ Notdone. / Where analyses are indicated only
by symbols of the elements or functions, analytical results obtained for these elements or functions were within £0.497 of the theoretical
values. ¢ C: caled, 63.68; found, 63.14. * St. Groszkowski, A. Serper, N. Ionesco, A. Soresco, A. Hacic, and D. Panaitexe, Ann.
Pharm. Franc., 16, 517 (1958). ¢ A. L. Jacoby (to National Aluminate Corp.), U. 8. Patent 2,541,584 (Feb 13, 1951). 7 A. W, Iof-
mass, Ber., 23, 3301 (1890).

In the methods A and 1D, acyl chlorides were treated manometer.  The pain threshold was determined by
with twice the theoretical amount of corresponding 1- the pressure at which the vesponses to pain (c.g.,
substituted piperazines (4 and 10) in benzene or with writhing, squeaking, or trying to bite the pressed por-
cquimolar amount of corresponding 1-substituted piper- tion) were first observed. Normal pain threshold of

azines (4 and 10) in the presence of NaHCO; in ethanol untreated animals was about 40 mm. When the pain
to give l-acyl-4-substituted piperazines. In order to threshold of test animals exceeded 100 mm after the ad-

study the chemical and physiological properties of 1-  ministration of a test compound, the dose of the test
acyl-4-cinnamylpiperazines in detail, 62-68 were then compound was considered to be effective.

synthesized through other two routes. In method B, 1,4-Bis(acyl)piperazines and related compounds
l-acylpiperazines (6) were treated with cinnamyl bro- (11-37) were divided into three groups. In group A

mide (2b) in the presence of NaHCO; in benzene togive  (11-22), 1 4-bis(butyryhpiperazine (13) was the most
62, 64, and 67. In method C, the Leuckart amine

alkylation! was carried out to furnish 62-68 in good o . e e o
vields. The majority of the 1-ucyl-4-substituted piper- 1) & i T Ky, okt ot tn e

(1941,
(14) A, F. Green, 1. A, Yonag, aad 1. 1. Godfrey, Brit. J. Pharmacol., 6,
(11) M. L. Moore, Org. Reuctions, §, 301 (1949). 572 (104l1).
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TasLe III

1-AcYL-4-sUBSTITUTED PI1PERAZINE HYDROCHLORIDES

July 1968
R,CON
Group No. R R: Y Alp, °Ce
D 38 ClII; H 216-217
39  CH; 0-Cl 122-124
40 GCiHi H 205
41 CsH;CH, H 214
42 CeH; H 90-945
43  Ce¢Hs 0-Cl 131-133?
44  0-CsH,Cl H 200-202
45  0-CsH,Cl 0-Cl 165-166°
46  m-CgH,Cl H 207-209
47  m-CgH,Cl 0-Cl 135-137%
48  p-CsH,Cl H 122-123
49  p-C¢H,CI 0-Cl 110-111%
E 50 CH; 0-Cl1 CH, 198-199
51 C.H; 0-Cl CH. 198-200
52  CsH; 0-Cl CH, 196-199
53 CsHsCHz O-Cl CHz 218
54 CgHs H CH, 247
55 O-CsH4C1 H CHz 257
56  0-CsH,Cl 0-Cl CH, 234-235
57 0-CeH4OCH3 O-Cl CHZ 223—224
58  3,4,5-CsH,(OCIIy); o-Cl CH, 233
F 59 C.H; H CH,CH, 204-205
60 CsHi; Cl CH,CH, 175-177
61 C,Hs H (CHa)s 174-175
62 CH; H CH,CH=CH 205-206
63 C.H; H CH,CH=CH 184187
64 n-CsH; H CH,CH=CH 207-209
65 -C;H; H CH,CH=CH 214-217
66 n-CHs H CH.CH=CH 209-212
67 n-CsHpn H CH,CH=CH 198-200
68 n-CsHjs H CH,CH=CH 195-198
Aminopyrine

¢ Crystallization solvents:
1,0); 60, 61 (+-PrOH);
II. 7 N: caled, 9.68;

38, 40, 41, 44, 46, 48, 54-58 (EtOII);
62 (MeCN-LEt,0); 63 (EtOH-Et,0).
found, 9.16.

b

active compound; replacing the butyryl group of 13 by
a lower or a higher acyl group led to a considerable
diminution of the activity. No analgetic activity was
found in the benzoyl derivatives (20-22). In group B
(23-32), 1,4-bis(ethoxyacetyl)- and 1,4-bis(butoxya-
cetyl)piperazine (24, 27) were active compounds. In
group C (33-37), all of the compounds showed profound
analgetic activity in the D’Amour-Smith test but were
inactive when tested by the pressure method. 1-Acyl-
d-substituted piperazines were divided next into three
groups. In group D (34-49), no active compounds
were found. In group E (50-58), only 52 was active,
In group F (59-68), the phenethyl- and phenylpropyl-
substituted compounds (59-61) were inactive. On the
other hand, the compounds substituted with a cinnamyl
group at N* of the piperazine ring in 1-acyl-4-substi-
tuted piperazines showed a potent analgetic activity.
Among them, 1l-propionyl- and 1-butyryl-4-cinnamyl-
piperazines (63, 64) were the most potent. The
potency of 64 was 4.3 times that of aminopyrine. The
pharmacological screening data for these compounds
(11-68) are given in Tables II and III.

N—Y—< | > - HCI

R,
D’Amour-
Pressure | Smith
LDse, EDsq, E Dsq,
Yield, mg/kg mg/kg mg/kyg
T Formula Analyses® po po po
27.3  CuHisN.OCl C H N/ ... 0 .
89.7 CuHuN.OC! C, H, N 1900 0
31.0 CiHyN,0Cl C H N 0
32.3  CuHpsN:O N 0
74.8 CpHiN,OCI C, H, N 0
22.6 CpHsN,OCL, C, H, N 0
538.8 CuyHeN,OCl, C, H N 0
59.8 CpHiN.0Cl, C, H, N 0
530 CﬂHlsNzOClz C H N O
65.3 CpHpN,OCl C, H, N 0
588 CﬂHlsNzOClz C H 1\ PR O
76.4 Cy3HisN,OClL, C H N 1190 0
87.3 CuHypN,0CL, C, H N e 0 Ce.
53.8 C;sHaN,0ClL, C,H, N 1860 43.39 68.0
58.2  CisHxN:OCl, N 205 0 0
67.3 CiHuN,OCl C, H, N 0 0
54.5 CisHyN.0Cl, C, H, N >1000 0
40.5 CisHisN,OClL; C, H, N 442 0
42,0 CisHpN0:Cl, C, H, N T05 0
47.8 CuHaeN,0.Cl, C, H, N 586 0
37.1 CisHsN,0Cl C, H,N 400 0
50.4 CisHuN:0Cl, C H, N 400 0
27.2 C,6H2:N,0Cl C, H, N 400 0
46.3 CpHaN,OCl C, H N 1000 0 -
55.0  CieHauN,0CI C, H, N 715 28.9 58.2
52.3 CupHxN,OCl C, H, N 882 38.5 17.6
43.7  CyHyN,OC1 C,H N 693 79.5 135.0
42.1 CisHiN,OCI C, H, N 790 117.0
35.6 CpHpN.OCl C H N 0
40.8 CpHaN.0CI C H, N 0 e
1685 221
39, 50-53, 59, 64-68 (MeCN); 42 (DMF); 43, 45, 47, 49 (EtOH-
Free base. ¢ 0 = no effect. ¢ Not done. ¢ See footnote f, Table

Experimental Section

Melting points were measured on a micro hot stage and are un-
corrected. Ir spectra were recorded on a Japan Spectroscopic
Model DS-301 spectrometer and the nmr data (CCls) were ob-
tained with a Hitachi Co., Ltd., Model R-20, with Me,Si as an
internal reference standard.

1,4-Bis(acyl)piperazines (11-22),—While most of the 1,4-
bis(acyl)piperazines were already known, some which were
unknown were prepared by the general method outlined below.
A solution of the appropriate acyl chloride (0.1 mole) in CHCl;
(150 ml) was added, drop by drop, to a suspension of piperazine
hexahydrate (0.5 mole) and NaHCO; (0.1 mole) in CHCl;
(100 ml), and the mixture was stirred at room temperature for
5 hr. The reaction mixture was filtered, and the filtrate was
then dried (Na;SO,) and concentrated under reduced pressure.
The residue was recrystallized from a suitable solvent to give
colorless crystals; the yields were 50-80¢7 (Table II).

1,4-Bis(alkoxyaeyl)piperazines (23-32) were obtained by the
treatment of 1,4-bis(chloroacetyl)piperazine with sodium alk-
oxides in a manner analogous to the procedure reported earliersb
(Table II).

1,4-Bis(N-phenylglycyl)piperazines (33-36).—A mixture of
1,4-bis(chloroacetyl)piperazine (0.1 mole) and the appropriate
aniline (0.4 mole) in EtOH (50 ml) was heated with stirring
under reflux for 3 hr.  After cooling, the crystals which separated
from the solution were colleeted by filtration, washed (H.O),
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and reerystallized from DMI to give colorless crystals; the
vields were 10-409 (Table II).
1.4-Bis(phenylthioacetyl)piperazine (37) wax syvuthesized by
(he reaction of 14-big(chloroacetyD)piperazine with thiophenol
in a fashion analogoug to the method of svnthesizing 1,4-bix-
(phenoxyuaeetylpiperazinet (Table 11).

Cinnamy! Chloride (2a).—~A mixture of styrene (60 g, 0.57
mole), paraformaldehyde (6.6 g, 1.35 moles), and 354 HCI
(300 ml) was heated with stirring at 80° for 3.5 hr.  The reac-
tion mixture was extracted with CHCl; (300 ml) and the extraet
was washed with three 100-ml portions of 204 aqueous NaCl.
The organie phase was dried (Na,80y) and coneentrated under re-
duced pressure, and then the residue was distilled to vield 33.6 g
(38.59:) of a colotless otl, bp 57-30° (007 mm) (lit.™ bp 119°
(17 ), wax 962 (trans -CH=CH-)* and 1659 ¢~

Cinnamyl bromide (2b) wus prepared by the published pro-
cedure and had bp 110--112° (3 mm) (lit.” bp 130° (10 mm)),
Youx 963 (teans —Cl1=CH-)" and 1640 e¢m .

1-Cinnamylpiperazine (4a).--Cinnamyl halide (2a or 2b,
0.129 mole) was added, drop by drop, to a stirred suspenszion
of 18 (14.7 g, 0.129 mole) and NaHCO; (11.6 g, 0.138 mole) in
ItOI] (100 mb) and the mixture was heated under reflux for 4
hr. The reaction mixture was filtered and the filtrate was
concentrated nnder rednead pressure to give 27.8 g of l-c¢in-
ramyl-4-formylpiperazine a~ an amber oil, bp 184-188° (0.15
mm).  To the oil was added 307 aqueous NaOI1 (100 ml) and
the mixture was heated at 90-100° for 15 hr.  The reaction mix-
ture was extracted (CgHg) and the combined extracts were dried
(N1.80y). The solvent was removed nnder reduced pressure and
the residiue was distilled under N, to vield 12.8 g (49.097) of
viscous liquid, bp 129-135° 11 mm). Nmr on the purified ma-
tertal showed a multiplet at = 2.62-2.96 (5 H), a doublet at 3.54
(1 H), a doublet-triplet centered at 3.96 (1 H), a doublet at 7.04
2 I1), a mudtiplet at 7.22-7.84 (8 H), and a singlet at 8.14 (1
1, >NI.

The pierate was isolated as vellow needles, mp 247° dec.
Anal (Cz.}]luNsOu) C, I{, X

1-Acylpiperazines (6).—A solutiou of acyl chloride (0.11 mol¢)
in CHCL; (10 ml) was added dropwise to a mixture of 1 (0.1 mole)
and NallCO; (0.11 mole) in CHCI; (200 ml).  After the addition
wasg over, stirring was continued at room temperature for several
more honrs.  The reaction mixture was washed (FL,O), dried
(Nas80y), nud concentrated under reduced pressure; the residuc
was distilled to give l-acvi-4-formylpiperazine (5) as a crude
vellow oil; the yvields were 35-4747, w... 1645 (>NCOR) and
1675 cin~! (>NCHO). It was used for the next step without
further purification.  The c¢rude 5 (0.1 mole) wax added to Nall

(15) M. F. Carroll, .J. Ckem, Soc., 1266 (1940},

(10) . Valkanas and E. 8, Waight [ibid., 2720 (1959) | reporced that 1-
nhenylallyl ehtoride, the isoiner of 2a, rearranges rapidly and quanticatively
to trapx-cinralnyl ehtoride and exhibics steong infrared bands characteristic
of a vinyl group (983 and Y30 em ).

(17) . Galiriel, Ber,, 48, 134 (1910).

(18) K. Iujii. K. Tomino, and H. Watube, Yakuguhu Zasshi, 74, 1049
(1v54).
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(4.8 g i 5097 oil, 0.1 mole) in refluxing Celle (150 mi).  The sis-
pension was heated at 75-80° for 4~3 hr, by which time the
evaution of CO and 11, had ceased.  The reaciion nixture wis
poured into ice-water.  The CgHe laver was separated and the
aqueons  layver was saturated with Na.COg The resultant
aqueons laver was extracted (Cally), the combined cextraet
wux dried (NaaSO¢ 1 and concentrated under reduced pressure, and
the restdue was distilled to give l-acvipiperazine of colorless
product, p.., 1635 (>NCOR) and 3300 em=' (>NID. The
prodirets were identified as the picrates (Table 1.

[-Arylpiperazires (10) were prepared by the condensation of
the appropriate amlines (8) with diethanolamine hydrochloride
(9) essentially according to the method of Ishiguro, ef al.®®

The l-acvl-4-substituted piperazines prepared by methods A
and D are listed in Table IIT.  The preparation of I-n-butyryl-i-
cipnamylpiperazine hyvdroehloride (64) described below is {ypieal.

1-n-Butyryl-4-cinnamyipiperazine Hydrochloride (64). Method
A.---A wolution of n=butyryl chloride (2.6 g, 0.024 mole) in Cslls
(3 ml) was added, drop by drop, to a suspension of 4a (4.3 g, 0.021
mole) and NaHCO; (2.1 g, 0.025 mole) in Cylle (30 wd) af 057,
After the addition wax over, the mixture was stirred at raoia
temperadure for 5 hr. The reaction mixture was washed twice
(247 aqueous NallCQy, ILO) and then dried (NnaSO. The
sulvent was removed mder reduced pressure and the residie wis
distilled to give 4.4 g (75.800) of the free base of 64, Lp 194-196°
(0.1 mm).  The free base was dissolved in Cgllq (50 ml) and dry
HCI was introduced tro the solution to vield 6.5 g of colorless
needles. They were recrystallized from MeCN to give 344 ¢
of 64 AL 253 ma (e 20,100); »55 055 (=Cll==CII-), 1645
(>NCO=), and 2700-2500 e~ {broad).

Method B.- -A mixture of 6b (168 g, 0.03 mwole), 2b (4 g,
.04 mole), and NallCO; (2.6 g, 0.031 mole) in Cgllz (100 ml) was
heated under reflux for 5 hr.,  After NaBr was filtered off, the
filtrate was washed {H,0) and dried (Na:SOQg). Dry HCI was
miroduced ta the solution ta yield crystalline precipitates.
The product was washed twice with Cglls and reerystallized from
MeCN to give 6.5 g (70.547 ) of 64, mp 207-208°, mixture melting
point undepressed with :ur anthentic <ample prepared by method
A, Their=pecira of the two samples were identieal.

Method C.—-A niixture of cinnamaldehyvde (3.5 g, 0.027 mole),
6b (4.0 g, 0.027 molel, and HCOH (1.5 g 0.032 mol¢) was
heated at 120° for 1 hir, cooled to 20-25°, and poured into CHCl;
(100 ml).  The residtant sohrtion was washed twice with 11,0
and dried (Na.S04).  Tivaporation of the solvent under reduced
pressure ard distilatioo of the restdue gave 3.7 g (53.09) of
colorless liquid, bp 176~181° (0.06 mm); hydrochloride, colorless
needles, mp 207-209°.  The product was easily identified as 64
by mixture melting point with an authentic sample and by its ir
specfrura,

Acknowledgment.—The authors wish to thank Dr. S,
Ogihara, President of IKyorin Pharmaeceutical Co.,
Ltd., for his iuterest and encourgement.,

(19) I'. 1ghiguro, &, Kitamura, and M, Matsumura, dbid., 78, 111D (1953).



