No. 3 ‘ - E S 295

51. Yoshihisa Mizuno, Kikuo Adachi, and Keizo' Ikeda : Studies on Condensed
Systems of Aromatic Nitrogenous Series. XIIIV. ‘Extension of Malonic -

Ester Synthesis to the Heterocyclic Series.

(Faculty of Pharmacy, Kanazawa University*)

The malonic ester synthesis has been the subject of considerable laboratory work
because it is one of the most valuable methods for lengthening a carbon chain in a mole-
cule. The reaction generally involves treatment of an aliphatic halogen compound with
an active methylene compound in the presence of an appropriate condensing agent.
Reaction results in lengthening of carbon chain at the position where the halogen atom
has been situated. An application of this reaction to aromatic halogen compounds is
supposed to be limited because halogen in this series is usually so inert to nucleophilic
reagents such as diethyl sodiomalonate. However, such an extension to special cases®
of aromatic series, especially to heterocyclic series containing active halogen in the para-
or ortho—position to the nuclear nitrogen may be possible.. Investigation of the reaction
in this field has been made by several workers. Some of them succeeded in accomplishing
the malonic ester syntheses'~'® and the others failed to effect this reaction'»!». In our
present investigation, the malonic ester synthesis and the related ones involving the aromatic
heterocyclic halogen compound were extensively studied, with the hope of obtaining
an information concerning the various factors contributing to the condensation of ¢sX
with CHy<3.

Halogen compounds of aromatic heterocyclic series investigated were 4—Ch10roqu1nazo—
line, 4~chlorocinnoline, 2-chloroquinazoline, 9-chloroacridine, 1-chlorophthalazine, 2~chloro-
benzothiazole, 2-chloro-3-methylquinoxaline, 2-bromothiazole, 2-chloroquinoline, 1-chlo-

roisoquinoline, and 2-chlorolepidine. Active methylene compounds examined were benzyl '

cyanide, ethyl cyanoacetate, diethyl malonate, malononitrile, ethyl phenylacetate, ethyl
acetoacetate, and diphenylmethane. Procedures of the reaction are described in the
Experimental section.

A complete list of compounds exammed along with the products and thelr yields is
given in Tables I and II. ,

The results shown in Tables I and II clearly 1ndlcate that the success of malomc
ester syntheses and related ones, as would be expected, depends upon the activity of the
methylene as well as that of the halogen. The weaker the activity of halogen, the
more active should be the methylene compounds. Taking consideration of this situation,
a qulitative comparison was made of the ease with which both ‘halogen and active

* Tsuchitoribanaga-machi, Kanazawa (ZREFZEA, Br@AS, HHE=).
1) Y. Mizuno, K. Adachi : This Bulletin, 1, 319(1953). "
2) Mosher, Tessurie : J. Am. Chem. Soc., 73, 4925(1951).
3) M. Hartmann, Panizzon : U.S. Pat. 2,507,631 (C.A., 44, 8379(1950))
4) Doering, Pasternak : J. Am. Chem. Soc.. 72, 146(1950)
5) Koenig, Fulda : Ber., 60, 2106(1947).
6) Reggli, Straub : Helv. Chim. Acta, 19, 326(1936); 7bid., 21, 1087(1938).
7y T. Kato: J. Pharm. Soc. Japan, 73, 150(1953).
8) Goldberg : Brit. Pat. 600,354 (C. A., 42, 7797(1948)).
9) Cutler, Surrey, Cloke : J. Am. Chem. Soc., 71, 3378(1949).
10) Elderfield, Serline: J. Org. Chem., 16, 1669(1951).
11) Brown, Cook, Heilbron : J. Am. Chem Soc., 71, 106(1949).
12) I. Nakayama : J. Pharm. Soc Japan, 71, 1391(1951)

NII-Electronic Library Service



Vol. 2 (1954)

_ mmmovmmo mmmoooqumo

226

(%65 19)
&ﬁ “drar
A
Cgvee %L /\/\/\
o o nmmoooulmolwomm
ooNNA d'w
NE,Hoo!walom
(%09)
AeIdid
o0IT "d"w
s
o

*H*DO00—HO

. A&m.ﬂv
%829 A%S%NS “d-w)

© SHDO0D—"HD

TN o

‘H®O *HO0D . *H*D000

AO%NA drw)

\/\/\/

ey

/\/\/\
zOlmuloz

(%5 19) L ,
o (2650 ¢8)

- -~ ol6l "d'w
(%95) - drenid (~dwodsp)
080T~00T "d'w A%NN “dru)
\/\/\/ \/\/\/
o mmwoooulmoloz

N
‘H*0000 D00°0°H

(%1 7) | |  (%69)

enidig (*dwooop)
mS?NoH diw 0£88~0gg "dwr
/\/\ /M
mmﬁoooolmoloooﬂoﬂ,m m%ooooimoioz
(%1s) (%89)
Aomw{vw drar) (5021~69T "drur)
N
_ __ B _\/__\/_ |
YL Y
HD “H*D000—HO—IN
AN _
mEmoooo oooﬂomm
000 SHEO000
o vmmo . ‘ Vﬁo
“H*D00D ND
‘T "Iav],

(%25°¢€8)
(o012 "drwr)

N
ﬁ\/_\/\

‘H*0—HD—ON

(%5°08)
o8BI~ 26T "d'w

()
A

“H°0—HO—0ON .

(%¢ 08)
o211 "drwx

__i

z/\/\

- H* olmo!oz

N

NO

(-dwoosp)
o017 "d'wa
oﬁﬁowm
ooNH\(m: n w

\/\/\/

/Q/\

é
gz
.<V HO :

NII-Electronic Library Service



227

No.

Buiyaels oy) Jo AISA0DLI dY3 SMOUS sosoyjuared Inoyyim aFvjusorad ST,

%329

%Y 98 %3G

26001

%S V8

-2InjRISII[ UI 21038q poirodor spunoduiod die sosoyjuored ul juiod Suijjawi S} YHM npoxd syy, (0

‘spunodwod Us30[ey ‘'ZlA ‘[BlIdjRUW

-ponpoad 9y3 Jo PIOIA oy} 93edipul seseyjusred Ul aBejuaored oY, (q

“JNO POLLIED JOU SeM JUSWIIAXS JEy} S9)edIpUl 9{qe} Sy} Ul eoeds Yue[q SYL (e

%48

%S¢
%2 YL

(%9 1¢)
000g< Q&

BNV
LU

NO—HO—ON

%0L %23
(%% 6%)
0631~2el "d'w
m,mwoooﬂ_v
. . _/_\/__\J
N\NA
(%97)
(%19). (*dwoosp)
o871 "drux 0922~6zg "d'w
mm.moooo A ﬁmNoooo B
HalAz__v mumz: |
mmmoooo
(%5 19) (%93
oTL~02 "d'w 0L8T~98T "d"w
DI
z,./\/\ Ny
HD -~ *H*DO0D—HO—ON
JZAN

H°0000 DO0™DH

(%s el)
oLFT~CHT "dwr

(%1 28)
o011 "d'w
mmmo

Hslmzx:‘

(%2 LL)
o¥EI~eET dw

“H°0—HO—ON

1

:.

\/\/\
HO N

080T "d'w

/\/\/

:_

0Gel ¥d-q
VAN
o)

oge1 ‘drw
“deroid
oCIT "druw

)

//\/\
_5

NII-Electronic Library Service




228 ) Vol. 2 (1954)

TasLe IT. '

Halogen 'Reac‘cion Product m.p. or b.p. of the - Yield 'Arnide
Compound with product °C . 1€ .°C
s S CN | CONH2
]1 >-Br ’] >—cH  b.p, 154~156 8725 ” >——CH |
N _N T N\CyHs '
C6H5
, 158~159 -
e . 9293 u
| . , 10025 CONH,
N VN N b.py 207~211 NN
N C1 N CH< » . N CH
CsH; ‘ |
CoH,
175~176
PAVAN AVAN o A\
| ‘ l/\ m.p. 136~137 8695 - m I
| - | 'CONH,
AN NN\ CN , AVAVAN :
N Tl N CH< : N CH
CsHj |
' C:H;
v . _ ‘ 151~156
AN NN :
[ “ U IN m.p. 142~-143 4394
MY Y |
- H;Cs—CH—CN

methylene compound take part in the malonic ester synthesis, with the following results.
- (1) The sequence of chlorine—activatind power of nuclei is in the following order*:

00 - (0 (o >

3 I
0> 0

0> O

\/\\/
M, (@ 5, 0) . (@), (s b m) ®), @ 5, o @, (a o,m) - ®
| CH,
N CH, , | ,
ANNN /\/\/ VAVAN NN K\/\ ‘1—S>_
J LU > Ul UJo UJo L
Y M AV NAYERAVAT :

6), (B, 0, 0) (), (B, m, 0) (11), (o0, =, —) (8), (o, B, —) (9), (o, B, —) (10)

*  Letters, 0, m, p, @, and g in parentheses under the formula indicate that the halogen atom in
the above formula is activated by o-, m—, p—, a—, and p—effect, respectively. For example, in
the case of (1), the chlorine in the 4-position of thé quinazoline nucleus is activated both
by p- and o-effect of nuclear n:trogen and by occupying the e—position of the condensed system
(a—effect).

As shown in the sequence, 4-Cl in quinazoline is more reactive than 4-Cl in cinnoline.
Therefore, we may deduce by comparing (&, p, o) on the part of quinazoline with (a, p,
m) on the part of cinnoline that the activating power of the ortho-effect is larger than
that of meta—effect (0>m) (cf. the uppermost line in Table IIT). Other results described
in Table IIT were obtained by exactly the same procedure.
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TaBLE T : .

1 (1) > ()% o> m , 8 (2 «— (6) atp+m > pt+2o
2 (1) «—> (3) 0>« ' , 9 (2) <« (7) atp > pto
3 (1) «~— (4) P> m i 10 (3) «— (4) at+p > o+m
4 (1) «— (6) a+p > B+o 7 11 (4) «-> (6) at+m > B+o
5 1) <= (7) at+p > Bgt+m 12 4) <= (D a> 8

6 (2) «— (3) m> a 13 (8) «— (7) o >m

7 (2) «— 4) pP>o0 ‘

x By tlﬂe notation (1 <— 2), it is meant that (1):(e, p, 0) is compared with (2): (w, b, m).
From equa’mons 7 or 6 and 10, we obtain a relation,

DS 0 e e Weeieeans Cheveeean el 14
- From equations 1, 6, and 12, we ob’cam relations 15, 16, and 17 respectively.
0 S Mo B 15
TS @ e [RRTE T T 16
@ :>'B FR T R R R IR 17
Therefore, combining 14, 15, 16, and 17, the relation 18 is obtained. -
D0 M @ B orerere e --18
From equations 10 and 11, we obtain relations 19 and 20.
D=0 > M—@-cerean S 19
@ = B S 0 M 20

(2) The relative ease of condensatmn of the methylene compounds decrease in the

followmg order : Benzyl cyamde > ethyl cyanoacetate >diethyl malonate>ma10nomtr1le>
ethyl phenylacetate > ethyl acetoacetate > diphenylmethane.  Among these, diphenyl-
methane did not react with any of the halogen compounds examined. It is worthy of
note that benzyl cyanide condensed with all the halogen compounds employed. That will
be due both to the large electron-attracting power on the part of the cyanide group and
to the outstanding polarizability of the phenyl group. Therefore, it sesms desirable to
examine the condensing power of methyl benzyl sulfone which contains a phenyl and a
sulfone group of almost the same attracting power as the cyanide group.

(3) Condensation between a halogen compound and active methylene compound in
most cases resulted in the formation of dehydrohalogenated product, as would be expected.
However, in a few cases where ethyl acetoacetate took part, the product was found to
‘be not the normal condensation product, but one derived from the normal product by the
liberation of an acetyl group from it.

\N>-C—'X + CH2<2 > \N>C——CH<: + HX.

T-his kind of observation has also been made by Elderfield and Serline'®.
’ COCHj, 1

C—X + CH,COCH,COOC,H; —> [ C—CH
\N> ’ ’ 2. . \N> <00002H5,

|

>C—¥CH200002}I5 + CH,COOH

The authors acknowledge their indebtedness to Prof. E. Ochiai of the University of Tokyo for many
helpful suggestions and to Dr. J. Shinoda of Daiichi Pharmaceutical Company, Ltd. for the financial
aid. The elementary analyses were made by Y. Itatani of the Kanazawa University.

Experlmental

1) 4~ Chloroqulnazolme (I)——#Cbloroqumazohne (1) was prepa:red according to Endicot, chke,
Mercury, and Sherrilll®. . .
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Reaction of (I) with Benzyl Cyanide—To a cold mixture of 2 g. of (1) and 4 cc. of benzyl cyanide -
in 60 cc. of benzene was added in portions 1.5g. of NaNH; in 30 mins. The mixture was refluxed on
a water bath for 1 hr., protecting from atmospheric moisture. The mixture was then cooled and water
was added to decompose excess NaNH,. The reaction mixture was extracted with benzene and benzene
was removed from the extract. On standing at room temp., the residue solidified to a substance of
m.p. 95~105°. After recrystallization from a mixture of benzene and benzine (1 : 1), it melted at 112°.
Yield, 2.4g., 80.5%. Anal. Calcd. for CyHyNy: C, 78.4; H, 4.5. Found: C, 78.51; H, 4.43.

Reaction of (I) with Ethyl Cyancacetate—This reaction has been reported before by Elderfield
and Serline!®. In our experiment their procedure was modified as follows : A mixture of 2.6g. of
(1), 7.1g. (0.04mole) of ethyl cyanoacetate, and 2. 45 g. (0.04 mole) of NaNH, in 50 cc. of dry benzene
-was refluxed for 20 hrs. After cooling and removal of benzene, water was added to the residue to
separate the crude ethyl 4-quinazolylcyanoacetate. It Wexghed 3.1g. After rercystallization from 9425
‘EtOH, 2.5g. of the pure product melting at 169~-170° was obtained. Yield, 2 5g 6875. Anal. Calcd
for CisH,ON; ¢ C, 64.75; H, 4.56. Found : C, 64.77; H, 4.77.

"Hydrolysis of the Nltrﬂe with conc. HCl—A mixture of 0.5g. of the nitrile and 2 cc. conc. HCI
was heated on a water bath ‘for 1 hr., ; the mixture was diluted with water, and extracted with CHCI,
which was then removed and the residue was crystallized from EtOH. - Tt melted at 169~170°, indi-
cating that the starting material was recovered. The nitrile could not be hydrolyzed even by the fol-
‘lowing procedure. One gram of the nitrile was dissolved in 5cc. of conc. H,SO, and the solution was
allowed to stand at room temp. for 1 day.” "~The solution was poured inte 50cc. of water, the solid
substance that separated was filtered, and recrystallized from EtOH,  melting at 169~170°. Mixed-
melting point did not depress with the starting material.

Reactlon of (I) with Diethyl Malonate!®—A mixture of 2 6g. of (I), 11.5 g. of diethyl malonate,
and 2.45g. of NaNH, in 150 cc. of benzene was refluxed for 20 hrs. The procedure was almost the
same as that in the literature!®, except that the yield was improved to 57295 (2.3g.). It melted at 84
~85° (from petroleum ether).

Reaction of (I) with Ethyl Acetoacetate——Thls reaction has also been reported by Elderfield and
Serline!®. -Gur procedure was as follows : A mixture of 2.6g. of (1), 9.35g. of ethyl acetoacetate,
and 2.45g. of NaNHz in 150 cc. of benzene was refluxed for 26 hrs. After working up as described
above ‘a product of m.p. 102~103° (in a sealed capillary) was obtained. Elderfield and Serline reported
m.p. 108~109°. It weighed 2.5g.  Anal. Calcd. for CieH1pO:Ny : N, 12.96. Found : N, 13.05. These
data indicate that during the reaction the acetyl group liberated from the product to form ethyl 4-
qumazoly]ace’ca’re

Reaction of (I) with Dlphenylmethane——A mxxture f 2g. of (I Yy 4g of diphenylmethane, 2g.
of NaNH,, and 60 cc. of benzene was treated as described above and 3 g. of the starting material was
recovered as its picrate. Rate of the recovery, 62.59%.

(2) 4-Chlorocinnoline (II)—Prepared from 4—hydroxyc1nnolme in 5425 yield, accordmg to the
literature!®.

Reaction of (II) with Benzyl Cyamde—A mixture of lg of (L), 2cc. of benzyl cyanide, and
0.8¢. of NaNH, was treated as described above. After two- recrystallizations from 952 EtOH the
product, m.p. 197~198°, weighed 1.2¢g. Yield, 80.59%. Aunal. Calcd for C,xH;N; @ C, 78 4; H, 4.5.
Found : C, 78.32; H 4.77.

Reaction of (II) with Ethyl Cyanoacetate——A mlx‘tum of 1g. of (1), 2 cc. of ethyl cyanoacetate,
and 0.5g. of NaNH; in 50 cc. of benzene was refluxed for 20 hrs. After working up as usual, a reddish
brown solid was obtained. Yield, 1.3 g., 69%. After several recrystallizations it melted at 230~232°
(decomp.). Anal. Calcd. for CpsHiO:N, : C, 64.75; H, 4.56. Found : C, 64.87; H, 4.91. v«

Hydrolysis of the Nitrile with cone. HC1—On heating the nitrile with HC! and water (1 : ) it
was converted into 4-methylcinnoline, evolving CO,. Its picrate melted at 170°. After recrystallization
from: EtOH, it melted at 179~180°. Anal. Calcd. for C9H8N2~CGH307N2: C, 48.24; H, 2.95. Found:
C, 48.16; H, 3.03.

' Reaction of (II) with Diethyl Malonate—A mixture of 1g. of (II), 2cc. of diethyl malona‘ce, and
0.5g. of NaNH, in.50.cc. of benzene was refluxed on a water bath for 17 hrs. After 30 mins.’ heating
color of the mixture turned brown and yellowish brown solid began to separate, | After removal of
benzene iz vacuo, water: was added to the residue and neutralized 'exactly with HCI to separate oily
substance. The ¢il was. extracted with CHCl; which was then evaporated on a water bath. The
‘brownish yellow residue did not solidify even on standing for several days at room temperature,
It was converted into a picrate in alcoholic solution. The picrate solidified on standing at room
temp. for several days. It melted at 100~105°. Yield, 2.0g., 44.12%4. After recrystallization from a
mixture of benzene and benzine (10:1), golden yellow crystals were obtained. Anal. Calcd. for

13) ZEndicott, Wick, Mercury, Sherrill : J. Am Chem. Soc., 68, 1299(1946) . ~r
14) ZKeneford, Simpson : -J. Chem. Soc., 1947, 917; ibid., 1948, 358. .

NII-Electronic Library Service



No. 3 » ‘ _ 231

Clr,H](;O4N2 2C6H309N3 N 15.00. Found : N 14. 87 :

Reaction of (II) with Ethyl Acetoacetate—A mixture of 1.5g. of (IL), 4cc. of enhyl acetoacetatc
and 1g. of NaNH, in 100 cc. of benzene was refluxed for 20 hrs. After cooling and removal of benzene,
the residue was converted into a picrate which melted at 110° and weighed 2.25¢g. Yield, 50%. On .
recrystallizing once from EtOH, yellow crystals which melted at 107~108° were obtained. = Anal. Calcd.
for C14H1403N2'C5H307N3 : C, 49.3; H, 3.49; N, 14.39. CaICd. fOI' C]nggNg‘C6H307N3 . C, 49.7;H, 3.45;
N, 16.19. Found: C, 50.08; H, 3.38; N, 16.06. These analytical data show that the product would
be ethyl 4-cinnolylacetate, derived from ethyl a-— (4—c1nnolyl)ar‘etoacotate by the hberauon of the acety!
group from it.

(3) 9-Chloroacridine (III)—Prepared by the method described in Org. Syntheses, 22 6.

Reaction of (III) with Benzyl Cyanide-—This reaction has been reported by Goldberg® but the
detail of the procedure was not described. In our experiment the following procedure was adopted : .
A mixture of 2.0 g. of (TIL), 2 g. of benzyl cyanide, and 0.8 g. of NaNH, in 40 cc. of benzene was refluxed
for 1 hr. After removal of benzene, water was added to the residue and an impure product of m.p.
160~183° was obtained. Yield, 2.3¢., 83.5%. After recrystallization from EtOH, it melted at 210°.

Reaction of (III) with Ethyl Cyanoacetate—This reaction was also reported® before,. but the
vield was not described. Two grams of (1) was added to a mixture of sodiocyanoacetate, prepared
by mixing 5cc. of ethyl cyanoacetate, 1 g. of NaNH,, and 40 cc. of benzene. The mixture was refluxed
on a water bath for 20 hrs., protected from moisture. After cooling and removal of benzene, water
" was added to the residue and the product was filtered. On exposure to air it turned into violet
crystals and the color remained even after recrystallization from EtOH. Needle-like crystals, m.p.
220° (decomp.). Awnal. Calcd. for CgHyON, : N, 9.65. Found : N, 9.30.

Hydrolysis of tae Nitrile—Hydrolysis of 0.5g. of the nitrile with 3cc. of conc. HZSO4 for 20 hrs.
at room temp. gave yellowish crystals, m.p. 160~161°(decomp) Yxeld 0.21g. Anal. Calcd. for
C18H1603No . N 9.1. Found : N 9.04.

Hydrolysis of the Nitrile with conec. HCI—A solutxon of 0. 59 of etny] 9~acr;dylcyanoacctate
in 3cc. HCI was heated on a water bath for 3 hrs. Carbon dicxide evolved. The solution was then .
diluted to twice its volume and extracted with CHCl;. The CHCl; solution was washed with Na,CO,
solution, dried, and CHCls was removed. The residue was crystallized from ligroine (b. p- 80~100°)
to m.p. 114°. Yield, 0.12¢g. Awal. Caled. for CyHN: N, 7.25. Found : N, 7.38.

Picrate : m.p. 213~-214°, possessing 2 moles of alcohol of crystallization. M*x@d~mélting point :
did not depress with the picrate of 9-methylacridine. Axnal. Caled. for CMHHN'CSH?,O7N3eZCZHs’OH: !
N, 910 Found : N, 9.04. !

" Reaction of (IIl) with Diethyl Malonate—a) To a mlx’cure of 5¢cc. of diethyl malonate, 40 cc.
of benzene, and 1g. of NaNH,, 2g. of (II) was added. The mixture was refluxed for 24 his:  After
cooling and removal of benzene, water was added to the residue, and the oily product that separated was
extracted with CHCl,;, which was dried and evaporated. The oily residue solidified on standing in a
desiccator for several days and recrystallized from benzine (b.p. 60~100°) to m.p. 100~101°.  Yield,
1.82¢., 57.5%. Anal. Calcd. for CyH gON : N, 4.15. Found : N, 4.29. Picrate : m.p. 197°. S

b) To a mixture of 0.4g. of metallic sodium and 3 cc. of diethyl malonate in 15 cc. of abs: EtOH
was added a solution of 3.2¢g. of (1) in 10cc. of abs. EtOH. The mixture was refluxed on a water
bath for 1 hr., and 1:52g. of 9-diethylmalonylacridine, m.p. 100~101°, was obtained. :

Hydrolysm of the Product with conc. HCl—Heating a mixture of 1g. of the above product in |
conc. HCI on a boiling water bath gave 0.3 g. of 9-methylacridine.

Reaction of (III) with Malononitrile!»—To a mixture of 2 g. of malononitrile and 1g. of NaNHz
in 50 cc. of benzene there was added a solution of 2 g: of (1lI) in benzene and the mixture was refluxed
for 20 hrs. On working up as usual 2.3g. of the product was obtained. It was recrystallized from
a large quantity of alcohol and melted at above 280°." .

Reaction of (IIl) with Ethyl Phenylacetate—A mixtureof 2¢g. of (III), 4 cc. of ethyl phenylacetate,
and 2g. of NaNH; in 40cc. of benzene was refluxed for 20 hrs. On working up as usual a substance
which melted at above 270° (yield, 0.7 g., 22.4%%) was obtained. Anai. Calcd for CyHiON; 1 C,-80.8;
H, 5.13;' N, 8.97. Found: C, 81.2; H, 5.21; N, 9.03.

The mother liquor from which the above substance was separated, a product of m.p. 149 ~155° was
isolated by extracting the mother liquor three times with benzene. Yield, 1.2¢g., 35.19. After recrys-
tallization from EtOH it melted at 162°. Anal. Calcd. for CyHygOoN ¢ C,81.0; 'H, 5.57.. Found: C,
80.82; H, 5.31. Besides these, 0.7 g. of 9-chloroacridine (1L) was recovered.

Redction of (III) with Ethyl Acetoacetate—A mixture of 4g. of (1), 5cc. of ethyl ace'toacetate,
2 g. of NaNH,, and 50 cc. of benzene was refluxed for 20 hrs. On working up as usual, 3g. of the
starting material, m.p. 110~112°, was recovered and no product was isolated. Recovery, 7575.

Reaction of (III) with Diphenylmethane—A mixture of 2g. of (1I), 4 g. of diphenylmethane, 2 g.

of NaNH,, and 60cc. of benzene was treated as usual and 1.7 g. of the starting material, m.p. 118~

15) This reaction was reported by Goldberg® but the details of the procedure were not described.
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120° ‘was recovered.

(4) 1-Chlorophthalazine (IV)—1~Chlorophtha1azme was obtained by an 1mproved method devised
by us (q. v.).

Reaction of (IV) with Benzyl Cyanide—A mixture of 2g of (IV), 4cc. of benzyl cyamde, and
1.5g, of NaNH, in 100 cc. of benzene was refluxed for 1 hr. After cooling and removal of benzene,
water was added to the residue and the oily product that separated solidified on standing to m.p. 110
~114°. Yield, 2.3¢., 77.295. The pure product melted at 132~134° (from benzene). Anal. Calcd.
for CH: Ny : N, 17.14. Found : N, 17.28. - ‘

Reaction of (IV) with Ethyl Cyanoacetate—a) A mixture of 3.3g. (0.02'mole) of impure (IV),
3cc. of ethyl cyanoacetate, and 1g. of NaNH, in 100 cc. of benzene was refluxed on a water bath for
20 hrs. Water was added to the residue. After neutralizing the solution with HCI it was extracted
with CHCls, and its residue ‘was recrystallized from EtOH. 2.1g. of pure product, m.p. 186~187°,
was obtained..

/s b) A mixture prepared as described above was refluxed ori a boiling water bath. After the removal
of benzene, water was added to the residue to separate the product which melted at 185~186°, Yield,
3. Sg or 72.6%. Anal. Calcd. for C;3H;0.N; @ N, 17.4. Found : N, 17.27.

Hydrolysis of 0.5g. of the product with HCl gave 0.32 g. of 1-methylphthalazine (plcra‘ce, m.p.
203~205° (decomp.)), that did not depress the melting point of an authentic sample.

Reaction of (IV) with Diethyl Malonate—A mixture of 3.3 g. of crude (Iv), m.p. 106~110°, 4 cc.
{4.6 g.) of diethyl malonate, and 1g. of NaNH, in 100cc. of benzene was refluxed on a water bath
for 20 hrs.. After cooling, the mixture was worked up as usual and the product dried on a porous
plate melted at 67~70° and weighed 3.9¢. (55.5%). After recrystallization from a mixture of benzine
and benzene (3 : 1), it melted at 70~71°.- Anal. Calcd. for C;zH;sON,: N, 9.73. Found : N, 9.86.

Hydrolysis of the Product with HCl (1:1)—0.5g. of diethyl e—(1-phthalazyl)-malonate was
heated with 5cc. of conc. HCI and water (1:1) on a water bath for 1.5 hrs. The solid dissolved
gradually into HCI solution, evolving CO,. The solution thus formed was then diluted to twice its
‘volume with water, rendered alkaline with Na,CO; solution, and extracted with ether (20cc.x2). On
removing ether, the residue solidified and mel‘red at 72~74°. It was converted into a picrate which
weighed 0.08 g., melted at 203~205°(decomp.). . Anal. Calcd. for CgHsOgNz C6H307N3 N, 18.95.
Found : N, 18 62.

Reactlon of (IV) with Malononltrlle——A mixture of 4 g. of (Iv), alcohol-free sodiomalonomtrﬂe
(prepared by mixing 2 g. of metallic sodium, 6 g. of malononitrile, and 50 cc. of abs. EtOH and by
evaporating EtOH), and. 100 cc. of benzene was refluxed for 20 hrs. On working up as described above,
1.5g. of a product, m.p. above 300°, was obtained (yield, 31.6%;). Anal. Caled. for C;yHgN, : C, 68.0;
H, 3.09; N, 28.83. Found: C, 67.82; H, 3.30; N, 28.52.

Hydrolysis of the Dmltnle——lg of 1—ph‘tha1azylmalonomtrlle was dissolved in 30 cc. of AcOH
containing 5.cc. HCI (1 : 1). The mixture was heated on an open flame for 4 hrs. On rendering alkaline,
the mixture was extracted with ether which was then evaporated to give a residue, m.p. 70~74°;
0.52¢g. Its picrate melted at 203~205° (decomp.), indicating that the product is 1-methylphthalazine.

Reaction of (IV) with Ethyl Acetoacetate—A mixture of 3.2 g. of (IV), 4 cc. of ethyl acetoacetate,
and 1g. of NaNH; in 100cc. of benzene was refluxed for 20 hrs. Working up as described above gave
an impure product which was recrystallized from a mixture of water and EtOH and melted at 113~
115°. Yield, 1.2g. or 36.4%5. No depression of m.p. occurred on-admixture Wxth an authentic sample
of 1-chlorophthalazine.

(5)- 2-Chlerobenzothiazole (V)~Preparahon of 2-chlorobenzothiazole has been reported beforeb.

Reaction of (V) with Benzyl Cyanide—A mixture of 6 g. of (V) and 8.3 g. of benzyl cyanide in
100 cc. of abs. toluene was cooled to 5°, 2.8g. of NaNH, was added, and heated at 100° for 1 hr. Yellow

. precipitate separated from the solu‘clon After cooling, about 100 cc. of water was added to the solution
to decompose unreacted NaNH,, and toluene layer was separated from water. Aqueous layer was ex-
tracted several times with benzene. The solvent (toluene and benzene) was dried with Na,SO,; evapo-
rated iz vacuo, and the residue was distilled under a reduced pressure. At first, a small quantity of
(V) and benzyl cyamde were recovered and then a product b.p, 195~203°, was obtained (yield, 7.3 g.
or 82.7%). .

Reaction of (V) Wlth Diethyl Malonate-——Th1s reaction has been reported beforel) _

Reaction of (V) with Ethyl Acetoacetate—No product was obtained by working up as usual.

Reaction of (V) with Ethyl Cyanoacetate—To an ice-cold mixture of (V) and 4g. of ethyl cyano-
acetate in 50 cc. of xylene was added 1.4g. of NaNH, and heated for 6 hrs. On addition of 5¢cc. of
conc. HCI and 200 cc. of water to the mixture, crystals, m. p. 225~226°(decomp.), separated out.
Yield, 2g. or 46%. Anal. Caled. for C;sHypN,S - N, 11.2. Found : N, 11,36.

Hydrolysis of the Nltrlle with conc. H,SQ,—A solution of 1g. of the nitrile in 5cc. of conc.
H,SO, was allowed to stand at a room temp. over-night and then poured into.ice water. The sludgy
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substance was crystallized from benzene and melted at 150~151°.  Anal. Calcd. for C12H1203N28 : G
54.52; H, 4.5. Found: C, 54.22; H, 4.74.
Hydrolysis of the Nitrile with conc. HCl—A solutlon of 1g. of the mtrxle was hea‘red with
twice its volume of conc. HCI on a steam bath for 5 hours. After cooling, the solution was rendered
“alkaline with NHj to separate Z—me’chylbenzothlazole whlch was converted to its picrate, m.p. 152~
15309,
v Reaction of (V) withh Malononitrile or Etnyl Pnenylacetate——All these actxve methylene com-
pounds did not react’ with (V).

(6) 2-Chloroquinazoline (VI)—Preparatxon of 2—chloroqu1nazohne will be reported later.

Reaction of (V1) with Benzyl Cyanide—A mixture of-1g. of (VI), 1. 5g. of benzyl cyanide, 0.7 g.
of NaNH, and 30cc. of benzene was stirred for 2 hours at a room temperature and then refluxed
for 30 minutes.. On working up as described above, no solid product was obtained and therefore the
residue formed by evaporating the extracting solvent was. hydrolyzed with 109 NaOH solution. The

- 0.5g. of the picrate, m.p. 220~225° (decomp.), was obtained which by recrystallization melted at 230
: ~232°.  Anal. Calcd. for CisH; Ny CeHs0.N; : C, 56.1; H, 3.34; N, 15.59. Found: C, 56.27; H, 3.40;
N, 15.75. :

Reaction of (VI) with Ethyl Cyanoacetate—A mixture of 1g. of (VI), 2 cc. of ethyl cyanoacetate,
0.7 g. of NaNH,, and 25cc. of benzene was refluxed for 20 hrs. On working up as usual, 0.73 g.'(49.3
9%) of crystals, m.p. 115~127°, was obtained which after recrystallization from EtOH melted at 127
~129°. Anal. Calcd. for HigHyj;O:N; ¢ N, 17.41. Found : N, 17.53.

(7) 2-Chloro-3-methylquinoxaline (VII)-—Preparatmn of 2-chloro-8-methylquinoxaline (VI) will
be reported later.

Reaction of (VII) with Benzyl Cyanide—A mixture of 2g. of (VII), 4cc. of benzyl cyanide, and
1.5g. of NaNH, in 100 cc. of benzene was refluxed on a water bath for 1 hr. After cooling and
removal of benzene, water was added to the residue and the amorphous precipitate was crystallized
from EtOH and melted at 212°, softening at about 170°. Yield of impure product, 2.1g. (72.5%).
Recrystallization from EtOH gave a pure product, m.p. 220~222°. Aunai. Calcd. for C;;H;3N3 @ N, 16 2.
Found : N, 16.25.

Hydrolysis of the nitrile with H,SO, gave the correspondlng amide which melted at 220~221°.
Anal. Calcd. for CHy;50N; @ N, 15.16. Found : N, 14.91. Hydrolysis of the amide, m.p. 220~222°
gave 2-methyl-3-benzylquinoxaline. Its picrate melted at 100°. Anel. Calcd. for CisH14N3« CsHOy N3
N, 15.6. Found : N, 15.63.

Reaction of (VII) with Ethyl Cyanoacetate, Diethyl Malonate, Malononitrile, and Ethyl Phen-
ylacetate—2-Chloroquinazoline did not react with any of these active methylene compounds. Yield of
the recovery was 829, 70%, 85%, and 1007, respectively.

(8) 2-Chlorolepidine(VIII)—2-Chlorolepidine (Wll) was prepared according to the method described
in Org. Syntheses, 24, 28.

Reaction of (VIII) with Benzyl Cyamde——From 4g. of (Vm) 5g. of the corresponding. mnitrile,.
m.p. 186° (from benzene-benzine), was obtained. The corresponding amide, m.p. 152° (MeOH), was
obtained by hydrolysis of the nitrile. Awnal. Calcd. for C;gH;y N, : N, 10.84. Found : N, 10.79. Anal.
Calced. for C;gH;gON; : N, 10.13. Found : N, 10.17. ,

(9) 2-Chloroguinoline (IX)—Preparation of (IX) is well known.

, Reaction of (IX) with Benzyl Cyanide—From 4.0g. of (IX), 6. 0g. of the mtrlle, m.p. 92~93°
#~4 . (benzene-benzine), was obtained. Yield, quantitative. Awnal. Calcd. for CyH;;N, : C, 83.6; H, 4.92.
Found : C, 83.85; H, 5.22. :

Hydrolysis of the nitrile gave 2-benzylquinoline or the correspondmg amide according to the con-
ditions employed. Picrate of 2-benzylquinoline melted at 154~155°. Awal. Calcd. for CigH;sN+CeHsOq-
N;: C, 58.8; H, 3.57. Found: C, 58.95; H, 3.50. The amide melted at 175~176° Anal. Calcd. for
CyHON: : N, 10.69. Found: N, 10.75, :

(18) 2-Bromothiazole (X)——2~Bromoth1azole (X) was prepared by the method of Takeda and

' Minato®,

Reaction of (X) with Benzyl Cyanide—To a cold solutlon of 4g. of 2—bromothxazole and 8.3g.
of benzyl cyanide in 50cc. of toluene, 2.8g. of NaNH,; was added in small portions. The solution
turned from vellow to brown during the first 30 minutes. The mixture was refluxed on a water bath
for 30 minute. On working up as usual, a fraction of b.p, 154~156° was collected. 2-Bromothiazole
was not recovered. . Yield, 3.5g. It was hydrolyzed to the corresponding amide, m.p. 158-~159°.
Anal. Caled. for C;;HoN:S : N, 12.85. Found: N, 12.25.

(11) 1-Chloroisoquinoline (XI)—A mixture of 2g. of (X1), 2g. of benzyl cyanide, and 1g. of
NaNH, in 50 cc. of benzene was stirred for 30 mins. and then refluxed for another- 30 mins. After
working up as usual, 1.3 g. (43.6%) of the product, m.p. 137~140°, was obtamed After recrystalliz-

16) Takeda, Minato : J. Pharm. Soc. Japan, 67, 193(1947)
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ation from EtOH it melted at 142~143°, Anal. Calcd. for Cy/HpN, : - C, 83.675 H, 4.92. Found @ C,
83.47; H, 5.25. : .

Summary

(- Condensation of the ‘type of malonic ester synthe51s between halogen compounds
of aromatic heterocyclic series and active methylene compounds was examined. The
success of the reaction in this field depends both upon the reactivity of halogen and that of

methylene The weaker the reau:lvrcy of halogen, the more active should be the methylene

compounds.

(2) Two. sets of Sequence of reac’clvﬂ:y, one for halogen compounds and the other
for reactive methylene compounds, were obtained.
(Received June 4, 1954)

5" Yoseji ¥to, Bun-ichi Tamaokl, zmd Kunio Kurata : Studies on Insulin |
Assay II An Appllcahon of the Up—and—Down Method
' for Insulin Assay.

) : ’

(Pharimaceutical Institute, Medical Faculty, University of Tokyo*)v

Since the principle of the “U'p-and~Down Method ”” was introduced in testing t’ﬂe
sensitivity of explosives to shock?, the applicability of this method for biclogical assay
has. been suggested by statisticians'~®. However, in these papersh®, they exemplified
only the artificial data in order to'introduce the computation. Recently, the original
up-and-down method was ingeniously improved®, and after the statistical examination®’,

. this method was found to have the following remarkable advantages theoretically as

well as practically in comparison to the standard probit method which has been regarded' ’

as a routine procedure for the assessment of EDj,.

1 Arithmetical easiness, 2) better efficiency, and 3) constant existence of :estimate

even in small samples. - .

On the other hand, this up—and—down method has the d1sadvantage in general, for
biological assay which is intrinsic to this method, even though it is greatly improved by
the ingenious modification®, i. e., the condition of sequentiality, or, the response to the
preceding test must be known, befme each trial is started®. It is the purpose of this
paper to apply this method practically to the estimation of ED, 50 of insulin, to compare
the results obtained by this method with the ones by the probit analysis from the same
data, and to d1scuss the bxologlc'ml significance of the ED;, estimated by this method.

The expense for this experiment was partly defrayed by the Grant in Aid for Scientific Research
for the year of 1953 from both the Ministry of Education and the Ministry of Welfare, to which
the authors’ thanks are due. The authors are also grateful to Mr. F. Kiyokuro who kindly helped
“them in this work.

Expernmental Methods and Matenalsb)

1) Experimen‘cal Ammals——Common Wh‘te ‘mice (male) Welo‘hmg between 15 and 20 g.

A Hongo, “Tokyo (fHfEra-1-=2, E xaff—~ fH}B%)
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