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Grignard Reactions of 1-Phthalazine-, 2-Quin0xélvine-,
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The Grignard reactions of 1-phthalazine- (V-0), 2-quinoxaline(VI-0), and 4-cinnoline-
carbonitrile (VII-0) were carried out. Grignard reagent used in this study was as follows;
pPhenylmagnesium bromide, benzylmagnesium chloride, isopropylmagnesium bromide,
ethylmagnesium bromide, and methylmagnesium iodide.

When a mixture of V-0 and Grignard reagent in tetrahydrofuran (THF) was refluxed
for 3 hr, l-alkylphthalazine (Va), 4-alkyl-3,4-dihydro-1-phthalazinecarbonitrile (Vc), 4-
alkyl-1-phthalazinecarbonitrile (V¢’), 2-alkyl-1{(2H)-phthalazinone (Vd), and 4-alkyl-3,4-
dihydro-3-(1-phthalazinyl)-1-phthalazinecarbonitrile (Ve) were formed together with
1-benzoylphthalazine (Vb-1), 1,4-diethyl-phthalazine (Vf-4), 1,2-dihydro-1,1,2-triethyl-
phthalazine (Vg-4), and 3,4-dimethyl-3,4-dihydro-1-phthalazinecarbonitrile (Vh-5), al-
though the yields of all products were small.

The reaction of VI-0 in THF carried out under the same conditions as V-0 gave 2-
alkylquinoxaline (VIa), 2-acylquinoxaline (VI-b), 3-alkyl-3,4-dihydro-2-quinoxalinecar-
bonitrile (VIc), 3-alkyl-2-quinoxalinecarbonitrile (VIc’), and 1-alkyl-2(1H)-quinoxalinone
(VId) together with 2,2/:3%,2”-terquinoxaline (VIi), in very small yields.

The reaction of VII-0 with phenylmagnesium bromide and methylmagnesium iodide
in.benzene gave only d type of the compound (1-phenyl- (VIId-1), and 1-methyl-4(1H)-
cinnolinone (VIId-5)), and did not isolate other type of the compound.

These, a, b, and ¢ type of the compounds were expected reaction products, and other,
¢, d, e, f, g, and h type of the compounds were unexpected products. Especially, e type
of the compound was the product peculiar to the Grignard reaction of V-0, and d type of
the compound was characteristic product of the Grignard reactions of the cyanobenzodia-
zines except 4-quinazolinecarbonitrile (IV-0) giving only a type of the compound.

The possible mechanisms of the formations of a, b, ¢, ¢, d, and e type of the compounds
were proposed. '

Keywords phthalazinecarbonitrile; quinoxalinecarbonitrile; cinnolinecarbonit-
rile; Grignard reaction; mechanism

Many of the investigations on the Grignard reaction of n-deficient heterocycles having
cyano group have been published; 4-quinolinecarbonitrile (I-0) reacted with Grignard reagent
to give 4-alkylquinoline (Ia) and 4-acylquinoline (Ib),® 38-quinolinecarbonitrile (II-0) gave
4-alkyl-1,4-dihydro-3-quinolinecarbonitrile (IIc),» 4-isoquinolinecarbonitrile (III-0) afforded
1l-alkyl-1,2-dihydro-4-isoquinolinecarbonitrile (ITIc),? 4-quinazolinecarbonitrile (IV-0) yielded
4-alkylquinazoline (IVa).» These results are summarized as follows; cyano group is replaced
by Grignard regaent with alkyl group (substitution), cyano group is converted into acyl group
by the attack of Grignard reagent at the carbon atom of cyano group (acyl formation), and
alkyl-cyano-dihydroheterocycles are formed by 1,2- or 1,4-addition of Grignard reagent to the
ring carbon and nitrogen atoms (addition).

1) Location: 2-2-1, Oshika, Shizuoka-shi.
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M. Wada, Chem. Phaym. Bull. (Tokyo), 20, 1589 (1972).

5) T. Higashino, Chem. Phavm. Bull. (Tokyo), 10, 1043 (1962).

NII-Electronic Library Service



Vol. 25 (1977)

580
CN R ~R ON N
N N N N N .
A1 H R
1-0 1a Ib I1-0 Iic IO-0 Illc
CN R CN CN
O 4 A,
|
NJ N N CN hf
V-0  IVa V-0 VI-0 VII-0
) Chart 1
CO-R CN CN
@ o of N
NH l{I
H R R
Va Vb Ve Ve’
Va-2: R=CH.CeHs Vb-1: R=C¢H;s Ve-1 ! R=CHs Ve'-1: R=CH.
Va-3: R=CH(CHs), Ve-2 ! R=CHCH:  Ve-2° ReCH.CLH,
Va-4: R=C.Hs Ve-3 0 R=CH(CHs), Ve'~-3 ¢ R=CH(CH,),
VC‘4 . R:C2H5 VC,—4 . chz 5
VC-5 . R=CH3 Vc’—5 . R=CH3
0 CN R R
SO X X NR
N N N I{I
vd A , VE Vg
Vd-3: R=CH(CHs).  Ve-1:R=C,Hs Vi-4 : R=C:H; Vg-4: R=C:H;
Vd -4 R= Csz Ve—2 . R=CH2C6H5
Vd 5:R= CHs Ve~5 . R:CHs
’. CN 0 cl | HsC: CoHs
| N NH N _ NH
: N—R N II\I N
. B R Cl Cl
Vh VII IX X

Vh-5: R=CHs

Chart 2

With expectation that similar reactions would take place, we carried out the reactions of
1-phthalazine-(V-0),% 2-quinoxaline- (VI-0),” and 4-cinnoline-carbonitrile (VII-0)® with
Grignard reagent, and found that the expected reaction products have been formed together

with unexpected products.

6) A. Hirsch and D.G. Orphanos, Can. J. Chem., 44, 1552 (1966).
7) E. Hayashi, C. Iijima, and Y. Nagasawa, Yakugaku Zasshi, 84, 163 (1964).
8) E. Hayashi, Y. Akahori, and T. Watanabe, Yakugaku Zasshi, 87, 1115 (1967).
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No, 4 581
TasrLe I. . Reaction of V-0 with R~MgX in THF
Starting material Product Re-
. covery
R-MgX Va Vb Ve Ve Vd Ve A § Vg Vh V-0
4 V-0
-R & @ @B (B % @ @ @B (@ (@)
~CeHj; V-0 Vb-1 Vel V-1 Ve-1 V-0
1.6 22.2 8.2 2.4 5.0
-CH,CgH; V-0 Va-2 Ve-2 V-2 Ve-2 V-0
4.5 17.2 2.5 2.9 7.0
~-CH(CH,), V-0 Va-3 Ve-3 Vd-3 V-0
1.6 9.8 5.0 2.6
-C,H, V-0 Va-4 Ve-4 Vd-4 Vi-4 Vg4 V-0
1.8 15.2 5.0 1.5 4.7 4.0
-CH, V-0 Ve-5 V-5 Vd-5 Ve-5 Vh-5
46.4 1.7 1.1 1.2 1.7
TasLe II. IR and Mass Spectra of Vato h, and X
Analysis (%)
‘ Melting Calcd. Mass spectra mfe: (M) IR »EB; cm~1:
Compds.  point Formula (Found) : - '
(°C) —_——— Calcd. Obsd. JNH -CN >C=0
C H N
Va-3%  159—160® C,,H,;O,N; 50.87 3.77 17.45
(50.64) (3.77) (17.21)
Ve-19 104—105 CsHy Ny 77.23 4.75 18.02 3315 2210
(77.10) (4.96) (17.95)
Ve-29 114—115 C,eH, 3N, 77.71 5.30 16.99 3320 2210
(77.58) (5.25) (16.89)
V-39 — C.H N, 72.33 6.57 21,09 199 199 33509 22159
Ve-49 — CpH N, 71.33 5.99 22.69 185 185 33309 22109
Ve-59 99—100 CyoHoN, 70.15 5.30 24.55 ' 3340 2215
(70.07) (5.16) (24.13)
Ve'-29 186—187 CeHy N, 78.35 4.52 17.13 2230
(78.58) (4.55) (17.14)
Ve'-3m  145—146 CyoH1 N, 73.07 5.62 21.31 2230
(72.66) (5.61) (21.18)
Ve/'-49 130 C,,H,N, 72.11 4,95 22,94 2230
(71.90) (4.97) (22.90)
Vd-39 —_ C,,H,,0N, 70.18 6.43 14.88 188 188 1650¢
Vd-49 56 C;oH1,ON, 68.95 5.79 16.08 174 174 1650
Ve-29 174—175 C, H,,N; 76.78 4.56 18.66 2220
(76.76) (4.51) (18.70)
Vg-49 — CiaH,oN, 77.73 9.32 12.95 216.1628 - 216.1567%
Vh-59 93— 94 C,,H; N, 71.33 5.99 22.69 2210
(71.38) (5.93) (22.26)
X - C ,H ) N1 64.71 6.79 12,58 222 222
a) oil  b) picrate c¢) yellow needles  d) colorless needles ¢) in neat  f) slightly yellow needles  g) colorless plates

k) yellow prisms

) exact mass measurement

Grignard reagent used in this study was as follows; phenylmagnesium bromide, benzyl-
magnesium chloride, isopropylmagnesium bromide, ethylmagnesium bromide, and methyl-

magnesium iodide.

1-Phthalazinecarbonitrile (V-0)

The molar ratio between V-0 and alkyl halide, which was used for preparation of Grignard
reagent, was set at 1: 1.2. 'When a mixture of V-0 and Grignard reagent was refluxed for 3 hr
in tetrahydrofuran (THF), the expected reaction products, 1-alkyl-(Va), 1-benzoyl-phthala-
zine (Vb-1), and 4-alkyl-3,4-dihydro-1-phthalazinecarbonitrile (Vc), were formed together
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Tasre ITI, NMR Spectra of Ve to h, and X

NMR (7) in CDCl,

Compds.

H-5 to 8m H-4 NHbs Other

9.5—2.80wm (-C,H,)
2.5—3.00 (-CoH,), 7.32%, 7.05% (CHGCER, Jus: 13.0 cps,
Ja-x: 7.5 cps, Jb-x: 6.0 cps)

Ve-1 2.5—2.8  4.36° 3.0
Ve-2  2.5-3.0 5.481 3.3

Ve-3  2.4-2.8 5.65¢ 3.0 8127 9.05%, 9.17¢ (SCH—CH.(CHy)s, Jaox: 6.0 cps, J: 8.0 cps)

Ve-4  2.4—2.8 533" 3.1  8.30™ 9.07° (JCH-CH,~CH,, J: 8.0 cps)

Ve5  2.4—2.8 5.320 2.9  8.54¢ (SCH-CH,, J: 6.1 cps)

V-2  1.5-2.2 5.165 (-CH,-), 2.86% (~C,H,)

V-3 1.5-2.1 5.975%t, 8.43% (~CH(CHy),, J: 8.0 cps)

Ve'-4  1.5—2.1 6.509, 8.45" (-CH,CH,, J: 8.0 cps)

Vd-3  1.5-2.4 1.78 456, 8.59¢ (SN-CH(CHy),, J: 8.0 cps)

Va-4  1.4-25 1.8 5.69%, 8.56¢ (N~CH,CH,, J: 8.0 cps)

Ve-2  2.0—3.0 3.24¢ 0.68¢ (H-4),1.12= H-8), 2.0—3.0%= (H-5,6",7"), 6.579, 6.962

(>CHX—Q<§Z, Ja-b: 14.0 ¢ps, Jax: 9.0 cpS, Jo-x: 5.0 cps)

V-4 1.8—2.4 6.73%, 8.61" (2 X ~CH,CH,, J: 8.0 cps)

Vg-4  2.6-3.2 - 2.96° 6.751, 8.68% (YN-CH,CH,, J: 8.0 cps), 8.10%, 8.159, 9.21¢ (2
g -CH,CH,, J: 8.0 cps)

Vh-5  2.5-3.0  5.38  6.66° ON—CHS,), 8.73¢ ()CH-CH,, J: 6.1 cps)

X 2.3—3.0 4.27  8.48%, 8.539, 9.44* (2 x ~-CH,CH,, J: 8.0 cps)

a) overlapping with aromatic H ) )
bs: broad singlet and exchangeable with D,0; d: doublet; m: multiplet:, q: quartet; s: singlet; sept:
septet; t: triplet

H
O e O O
NONAR N ONACO-R N\ "\N\CN N INAACN
Via Vib . . Vle Vie
VIa—21R=CH2CeH5 VIb~12R=CsH5 VIC—22R=CH2C5H5 Vie'-1:R= CsHs
VIa—4 ‘R= Csz VIb—S :R= CHs VIC—3 :R= CH(CHz)z VIC’—3 R= CH(CHs)z
) VIC-4:R_= C:H; VIc'—4:R=CzH5
R ﬁ IAN\‘"/\I | o
|
l/\H/NYO /\/N\\z/‘N’\/ ’ I/\“/NYO
NN NANANA NN
VId - ANA XI
VId—2:R = CH2C6H5 . VIi .
VId-3:R= CH(CHg)z ' . .
VId—4 :R= C2H5
VId-5:R=CH;
Chart 3

with the unexpected products, 4-alkyl-1-phthalazinecarbonitrile (Vc’), 2-alkyl-1(2H)-phth-
alazinone (Vd), 4-alkyl-3,4-dihydro-3-(1-phthalazinyl)-1-phthalazinecarbonitrile (Ve), 1,4-
diethyl- (V-f-4), 1,2-dihydro-1,1,2-triethylphthalazine (Vg-4), and 3,4-dimethyl-3,4-dihydro-1-
phthalazinecarbonitrile (Vh-5), although the yield of each product was very small as sum-
marized in Table I. :

- The identification of each of Va-2 (picrate), Va-4 (picrate), Vb-1, V¢'-1, Vc'-5, Vd-5,
Ve-1, Ve-5, and V-4 (picrate) was, respectively, made by the mixed melting point test using
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TasLe IV. Reaction of VI-0 with R-MgX in THF

Product

Starting material Recovery
‘ Via VIb Vie Ve vid - VI VI-0
-R (%) (%) (%) (%) (%) (%)
-CoHj, VI-0 VIb-1 VIe'-1 VIi VI-0
8.1 2.5 28.7 1.4
~-CH,C Hj VI-0 Via-2 VIie-2 Vid-2
' 41 12.3 59 .
~-CH(CH,), VI-0 VIe-3 Vie™-3 VId-3 VI-0
2.0 4.4 7.1 26.2
-CH,CH, VI-0 VIa-4 Vie-4 Vie'-4 Vid-4 VI-0
3.5 2.5 5.4 15.5 5.2
-CH, VI-0 VIb-5 . VId-5 VI-0
4.5 1.2 24.4
Tasre V. IR and Mass Spectra of VIe, d, and i
Analysis (%)
Melting Caled. Mass spectra mfe: (M*) IR »E%2 cm~!:
Compds. point Formula (Found) ———————
(°C) —— Calcd. Obsd. SNH -CN >C=0
C H N
Vie-29 179—181 C,¢H,sN; 77.71 5.30 16.99 3290 2220
(77.69).(5.18) (16.89)
Vie-3® 145—146  C,,H,3N; 72.33 6.57 21.09 3270 2220
(72.22) (6.52) (20.96)
Vie-49 130—131 C,,H,;N; 71.33 5.99 22.69 3280 2210
(71.85) (5.90) (22.90)
Vie'-39  107—108 C,,H;;N, 73.07 5.62 21.31 2230
(72.85) (5.65) (21.16) ,
VId-29 122—123 C,;H,,ON, 76.25 5.12 11.86 1650
‘ (76.29) (5.24) (11.92)
VId-39 — C,,H,;ON, 70.18 6.43 14.88 188 188 , 16559
Vid-49 64— 65 C,H,,ON, 68.95 5.79 16.08 1660

(68.99) (5.91) (16.11)
VI above 300 C,H, N,  74.60 3.65 21.75 386.1282 386.12599

) pale rose scaly crystals ¢) reddish needles ¢) colorless needles d) oil e) in neat; f) yellow needles
g) exact mass measurement

the corresponding authentic specimen®-1® prepared by each specific route. The structures of
Va-3, Vc'-2 to Ve'-4, Ve-2, and Vh-5 were indicated by their elemental analyses or mass
(Mass) spectra and confirmed by infrared (IR) and nuclear magnetic resonance (NMR) spectra
shown in Table IT and III. The adducts (Vc) were converted into the corresponding V-¢’ by
the oxidation with potassium ferricyanide. Each of Vd-3 and Vd-4 was prepared by the
reaction of 1(2H)-phthalazinone (VIII) with the corresponding alkyl halide in the presence of
potassium carbonate. ~ Assignment of Vg-4 was established by the following spectral data;
mje of the molecular ion peak (M*) in exact mass measurement corresponded to C;,HyoN,
(calcd.: 216.1628. observed: 216.1567.), there were no characteristic absorption bands caused

} E. Hayashi, E. Oishi, T. Tezuka, and K. Ema, Yakugaku Zasshi, 88, 1333 (1968).
) E. Oishi, Yakugaku Zasshi, 89, 959 (1969).
11) A. Lieck, Ber., 38, 3918 (1905).
} E. Hayashi and E Oishi, Yakugaku Zassln, 86, 576 (1966).
13) E. Hayashi, T. Higashino, and I. Watanabe, Yakugaku Zasshi, 93 409 (1973).
14) A. Albert and G.B. Barlin, J. Chem. Soc., 1962, 3129.
15) E. Oishi, K. Osumi, and E. Hayashi, Yakugaku Zasshi, 94, 672 (1974).
16) C.R. Warner, E.J. Walsh, and R.F. Smith, J. Ckem. Soc., 1962, 1232. .
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TasLe VI. NMR Spectra of Vie, d, and i

NMR (z) in CDCl,

Compds.
H-5 to 8@ . H-3 SNHPs Other

Vie-29 2.2—-3.5 5.4m 3.2 7.18¢ (>)CH-CH,~, J: 6.0 cps), 2.2—3.59m (-C,H,)

VI-c3 2.5—3.6 6.02¢ 6.0 7.89™, 8.939, 9.04¢ SCH-CH(CH,),, J: 7.0 cps)
(J:6.0cps) ‘

Vie-4 1.5—-3.6 5.79m 7.0 8.25™, 8.97» (CH-CH,-CH,)

Vie-3 1.5—2.8 6.23evt, 8,514, (—CH(CH,),, J: 7.0 cps)

VI1d-2 2.0-3.2 1.67¢ 4.57% (ON-CH,y-Ar), 2.0—3.20)m (-C,H,)

VI1d-3 1.9—2.9 1.77s 4.65%ert, 8,324 ON-CH(CH,),, J: 7.0 cps)

VId-4 1.9—2.8 1.72s 5.684, 8.64* ()N-CH,CH,, J: 7.0 cps)

VIio 0.7—2.5%

a) in (CD;),SO ) overlapping with aromatic H ¢) in CF; COOD d) fourteen aromatic H
bs: broad singlet and exchangeable with D,O; d: doublet; m:multiplet; q:quartet; s:singlet; sept:septet; t: triplet

by cyano and imino groups in its IR spectrum, and the singlet peak (z: 2.96) caused by the
hydrogen at the 4-position and the peaks caused by three ethyl groups were recongized in its
NMR spectrum. The splitting shape and chemical shift (z: 8.10, quartet, 8.15, quartet, 2 X
~CH,—; 9.21, triplet, 2X-CHj, J: 8.0 cps) caused by two of three ethyl groups were similar to
those of geminal ethyl groups of 4-chloro-1,1-diethyl-1,2-dihydrophthalazine (X) (v: 8.48, quar-
tet, 8.53, quartet, 2 X -CHy—; 9.44, triplet, 2 x~CHj, J: 8.0 cps) prepared from the Grignard
reaction of 1,4-dichlorophthalazine (IX) with ethylmagnesium bromide.

2-Quinoxalinecarbonitrile (VI-0)

The molar ratio between VI-0 and alkyl halide, which was used for the preparation of
Grignard reagent, was set at 1: 1.2. When a mixture of VI-0 and Grignard reagent in THF
was treated under the same conditions as the Grignard reaction of V-0, the expected product,
2-alkyl- (VIa), 2-acyl-quinoxaline (VIb), 3-alkyl-3,4-dihydro-2-quinoxalinecarbonitrile (VIc),
were formed together with the unexpected products, 3-alkyl-2-quinoxalinecarbonitrile (VIc'),
1-alkyl-2(1H)-quinoxalinone (VId), and 2,2": 3’,2"-terquinoxaline-(VI-i), although the yield
of each products was very small, as shown in Table IV.

The identification of each of VIa-2 (picrate), VIa-4 (picrate), VIb-1, VIb-5, VIc'-1,
VI-¢’-4, and VI-d-5 was, respectively, made by the mixed melting point test using the corre-
sponding specimen!?~2% prepared by each specific route. = The structures of VIc-2 to VIc-4,
Vic’-3, VId-2, and VId-3 were indicated by the data of their elemental

analyses or of m/e of M* in Mass spectra, and confirmed by IR and 0
NMR spectra shown in Table V and VI. The compound VId-4 was

also identified by its synthesis obtained from 2(1H)-quinoxalinone (XI) @Q
and ethyl bromide in the presence of potassium carbonate. The struc- N
ture of Vi was presumed through the following spectral data; m/e of R
M+ in exact mass measurement corresponded to C,H,;Ng (caled.: VIId

386.1282. observed: 386.1259.), there were no characteristic absorption VIId-1 : R=C.Hs
bands caused by cyano and imino groups in its IR spectrum, and VIId-5 : R=CHs
there were no other peaks except ones caused by fourteen aromatic Chart 4

17) G.M. Bennet and G.H. Willis, J. Chem. Soc., 1928, 1966.

18) E. Hayashi and Y. Miura, Yakugaku Zasshi, 87, 643 (1967).

19) H. Dahn and H. Moll, Helv. Chim. Acta, 49, 2426 (1966).

20) G. Henseke and K.J. Bahner, Ber., 91, 1605 (1958).

21) E. Hayashi and C. lijima, Yakugaku Zasshi, 82, 1093 (1962).

22) E. Hayashi and T. Miyagishima, Yakugaku Zasshi, 87, 1103 (1967).
23) G.W. Cheeseman, J. Chem. Soc., 1955, 1804.
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TaBLE VII, Reaction of VII-0 with R-MgX and C;H;~Li in Benzene

Starting material Reaction condition Product
e —— e
R-MgX VII-0 Time (hr) Temp. VIId Yield (%)
C¢H,-MgBr VII-0 1 refluxing VIId-1 6.4
CH -MgI VII-0 3 refluxing VIid-5 5.0
CeH,-Li VII-0 1 refluxing VIid-1 3.1

hydrogens at range 0.7 to 2.5 (z) in its NMR spectrum.

4-Cinnonlinecarbonitrile (VII-0)

When a mixture of VII-0 and phenylmagnesium bromide was refluxed in benzene, the ex-
pected products such as a, b, and ¢ type of the compounds were not isolated, and only the for-
mation of 1-phenyl-4(1H)-cinnolinone (VIId-1) was found, although the yield was very small.
Similarly, the reaction of VII-0 with methylmagnesium iodide resulted only in the formation
of 1-methyl-4(1H)-cinnolinone (VIId-5) in small yield. Moreover, VII-0 was also reacted with
phenyllithium to give VIId-1. Each of VIId-1 and VIId-5 was, respectively, identified with
authentic specimen?25 prepared by each specific route.

Discussion

In the reactions of V-0 and VI-0, a, b, and ¢ type of the compounds were the expected prod-
ucts, and the formation of the a, b, and ¢ type of the compounds are explained as follows; the
addition of Grignard reagent to the ring carbon-nitrogen double bond, in which the carbon atom

NC_R R
N ee SIS G 6.
N
la Va
R—C=N-—MgX CO—-R -
yoo—R-MeX N H:0 N
N
1b Vb
CN CN
1}1 H.0 N! .
N—MgX NH
H R H R
le Ve
CN
oxidation X I\II
N
R
Ve’
Chart 5

24) H.J. Barber and E. Lunt, J. Chem. Soc., 1964, 1468.
25) D.E. Ames and H.Z. Kucharska, J. Chem. Soc., 1963, 4924.
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CN CN
—MeX oxidation . H.0
VII‘-OR—ME—-’ N—MeX T + N —H*

N’ g . N

R

1d 2d

HO_ CN 0
E::][i:jh —HCN rqiq
R R
3d viid

Chart 6

CN CN

V-0 N N_Q
e — B |
: Sl o Jum—ge §S

I{ I{ PJC DF{Q }{ R. D}_b

MgX
2e Ve
S0.CH; SO.CH;s
P e B
N o N
H N—N
X1 X1

Chart 7

is bound to cyano group, gives a type of the compound, the addition of Grignard reagent to cyano
group forms acyl group (b type of the compound), and the addition of Grignard reagent to the
ring carbon-nitrogen double bond, in which the carbon atom is not bound to cyano group, gives
c type of the compound. The oxidation of an intermediate (1c) of ¢ type of the compound
forms ¢’ type of the compound. But it is not clear as yet What"f substance acts as an electron
acceptor in this oxidation step. For example, the possible formation mechanisms of a, b, c,
and ¢’ type of the compounds in V-0 are written as Chart 5.

In the reactions of V-0, VI-0, and VII-O the formation of d type of the compound is char-
acteristic of the Grignard reaction of cyanobenzodiazines except IV-0 giving only a type of
the compound.® The possible mechanism of the formation of d type of the compound, with
VIId as a sample, is written as Chart 6. The addition of Grignard reagent to the ring nitro-
gen-nitrogen bond between the 1- and 2-positions forms an adduct 1d, and the oxidation of
1d leads to an intermediate (2d). Finally, VIId is formed from 2d through 3d; that is, the
addition of water to the 4-position of 2d gives 3d which forms VIId with the loss of hydrogen
cyanide. Butitis not clear as yet what substance acts as an electron acceptor in this oxidation
step. ‘ :

The compound Ve (e type of the compound), which was the product peculiar to the
Grignard reaction of V-0, originates from 1c as mentioned in reference to the mechanism of
the formation of ¢ type of the compound. Thus, 1lc acts as Grignard reagent and adds to the
ring carbon-nitrogen double bond between the 1- and 2-positions of unchanged V-0 to form an
intermediate (2e) which leads to Ve, as shown in Chart 7. The similar reaction was reported
by Oishi and his co-workers as regards the Grignard reaction of 1-(methylsulfonyl)phthalazine
(XII) giving 1-alkyl-1,2-dihydro-4-(methylsulfonyl)-2-(1-phthalazinyl)phthalazine (XIII).1»
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Although it seems that the compounds Vf-4, Vg-4, and Vh-5 are the products involving
1 mole of V-0 and 2 or 3 moles of Grignard reagent, and that VIi is formed by the radical
course, the possible mechanisms of their formations have not been figured out yet.

Experimental®®

IR spectra were recorded on a Jasco Grating Infrared Spectrophotometer Model IRA-1. - NMR spectra
were measured at 60 Mc and 23° on a Hitachi High Resolution NMR Spectrometer Model R-24 using tetra-
methylsilane as an internal standard. Mass spectra were recorded on a Hitachi RMS single focusing mass
spectrometer. Samples were vaporized in all glass inlet system for the compounds having melting point below
150° and direct inlet system for those above 150°. Exact mass measurements were made on a JEOL JMS-
01SG-2 mass spectrometer combined with a JEC-6 spectrum computer. Samples were vaporized in direct
inlet system,

Reaction of V-0 with C;H,~-MgBr C,Hs,~MgBr was prepared by the usual method from 608 mg of
bromobenzene and 160 mg of Mg in 10 m! of ether. This solution was gradually added to a solution-of 500 mg
of V-0 in 30 ml of THF with shaking. The mixture was refluxed for 3 hr. After cooling, NH,Cl-NH, aque-
ous solution (a solution of 20 g of NH,Cl and 4 ml of 28% NHj in 70 ml of H,0) was added to the reaction
mixture. The THF layer was separated from the aqueous solution. The aqueous solution was extracted
with benzene, and the benzene extract was combined with the THF layer. After drying over anhyd. Na,SO,,
solvent was evaporated to dryness. The residue was chromatographed on a column of silica gel.- The frac-
tion eluted with benzene gave Ve-1 which was purified by recrystallization from petr. ether~benzene. The
first, second, third, and fourth fractions eluted with CHCl, gave, respectively, Vc’-1,12 mp 180—182° as slight-
ly yellow needles from petr. ether-benzene, Ve-1,1 mp 195° as yellow needles from petr. ether-benzene, V-0,%
and Vb-1,") mp 118—120° as slightly yellow needles from petr. ether-benzene. The yields of these products
were shown in Table I. Melting point, elemental analysis, and IR spectrum of Vc-1 were shown in Table II,
and its NMR spectrum was'in Table III.

Reaction of V-0 with C;H CH,-MgCl To a solution of 500 mg of V-0 in 30 ml of THF, a solution of
C¢H,CH,~MgCl prepared from 500 mg of benzyl chloride and 160 mg of Mg in 20 ml of ether was added, and
the mixture was refluxed for 8 hr. The isolation procedure was carried out in the same fashion as for the reac-
tion of V-0 with C;H,~MgBr. The elution with benzene gave Vc-2 which was recrystallized from petr. ether-
benzene. The first, second, third, and fourth fractions eluted with CHCI; afforded, respectively, Ve-2 which
was recrystallized from petr. ether-benzene, V¢’-2 which was recrystallized from petr. ether-benzene, V-0,
and Va-2,% picrate mp 150—151°, The yields of these products were shown in Table I. Melting points,
elemental analyses, and IR spectra of Vc-2, V¢’-2, and Ve-2 were shown in Table II, and their NMR spectra
were in Table III.

Reaction of V-0 with (CH;),CH-MgBr To a solution of 500 mg of V-0 in 30 ml of THF, a solution of
(CH,;),CH-MgBr prepared from 500 mg of isopropyl bromide and 160 mg of Mg in 10 ml of ether was added,
and the mixture was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the
reaction of V-0 with C;H,~MgBr. The first and second fractions eluted with benzene gave, respectively,
Vd-3 as colourless oil and Vc-3 as yellow oil. The first and second fractions eluted with CHCl, afforded, re-
spectively, Va-3 as brown oil (picrate mp 159—160°) and V-0.9 The yields of those products were shown in
Table I. - Elemental analyses, Mass, and IR spectra of Va-3, Ve-3, and Vd-3 were shown in Table 1I, and the1r
NMR spectra were in Table III,

Reaction of V-0 with C,H,~MgBr——To a solution of 500 mg of V-0 in 30 ml of THF, a solutlon of C,H,~
MgBr prepared from 430 mg of ethyl bromide and 160 mg of Mg in 10 ml of ether was added, and the mixture
was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the reaction of V-0
with C;H,~MgBr. The first and second fractions eluted with benzene gave, respectively, Vg-4 as yellow oil
and Vc-4 as yellow oil. The first and second elutions with CHClg-benzene (1: 1) afforded, respectively, Vd-4
which was recrystallized from petr. ether and V-0.® The first and second fractions eluted with CHCIl; gave,
respectively, Va-4,19 picrate mp 175° (decomp.), and V£-4,19 mp 62° as slightly yellow needles from petr.
ether. The yields of those products were shown in Table I. - Melting point, Mass including exact mass meas-
urement, and IR spectra of Vc-4, Vd-4, and Vg-4 were shown in Table 11, and their NMR spectra were in Table
III.

Reaction of V-0 with CH;-MgI——To a solution of 500 mg of V-0 in 30 ml of THF, a-solution of CHy~
Mgl prepared from 550 mg of methyl iodide and 160 mg of Mg in 10 ml of ether was added,-and the mixture
was refluxed for 8 hr. The isolation procedure was carried out in the same fashion as for the reaction of V-0
with C;H,~MgBr. The first, second, third, and fourth fractions eluted with benzene gave, respectively, Vh-5
which was recrystallized from petr. ether, Vc-5 which was recrystallized from petr. ether, Ve’-5,'9 mp 150—
151° as slightly brownish needles from petr, ether-benzene, and Vd-5, mp 113° as colourless plates from petr.

26) All melting points were not corrected.
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ether. The elution with CHCI, gave Ve-5,'% mp 168° as yellow needles from petr. ether-benzene. The vields
of those product were shown in Table I. Melting points, elemental analyses, and IR spectra of Ve-5 and
Vh-5 were shown in Table 1I, and their NMR spectra were in Table III,

Oxidation of Vc with K Fe(CN);——A mixture of 0.001 mole of Vc in 20 ml of benzene, 280 mg of KOH
dissolved in 5 ml of H,0, and 1316 mg of K;Fe(CN), in 10 ml of H,0 was vigorously shaken for 2 hr at room
temperature. After dried over anhyd. Na,SO,, the evaporation of benzene gave Vc'.

Thus, 233 mg of Ve-1 gave Vc'-1, mp 180—182° as pale yellow needles from petr. ether-benzene, in 81.59,
yield (188 mg). This compound was identified with the authentic specimen® prepared from another route.

From 247 mg of V¢-2, Ve'-2 was given in 78.19, yield (191 mg), mp 186—187° as colourless plates from
petr. ether~benzene. Elemental analysis and IR spectrum of V-¢’-2 were shown in Table II, and its NMR
spectrum was in Table III.

From 199 mg of V¢-3, Vc'-3 was obtained in 75.69, yield (149 mg), mp 145—146° as yellow prisms from
petr. ether. Elemental analysis and IR spectrum of V¢'-3 were shown in Table II, and its NMR spectrum was
in Table III.

From 185 mg of Ve-4, Ve'-4 was formed in 50.89, yield (93 mg), mp 130° as colourless needles from petr.
ether. Elemental analysis and IR spectrum of Vc'-4 were shown in Table 11, and its NMR spectrum was in
Table I1I.

From 171 mg of V-5, V¢’-5 was obtained in 51.59% yield (87 mg), mp 150—151° as pale brownish needles
from petr. ether. This compound was identified with an authentic specimen'® prepared from another route.

Preparation of Vd-3 and Vd-4——i) A mixture of 200 mg of VIII, 200 mg of K,CO,, and 340 mg of iso-
propyl bromide in 10 ml of acetone was heated at 150° for 5 hr in a sealed tube. After cooling, acetone was
removed and 20 ml of H,O was added to the residue, which was extracted with benzene. The extract was
dried over anhyd. Na,SO,, and passed through a column of silica gel to give Vd-3, as oil, in 19.09; yield (49
mg). Massand IR spectra of this compound were shown in Table I, and its NMR spectrum was in Table ITI.

ii) Similar reaction, using a mixture of 200 mg of VIII, 200 mg of K,CO,, and 430 mg of ethyl bromide
in 10 ml of acetone, gave Vd-4, mp 56° as colourless needles from petr. ether, in 22.0%, yield (52 mg). Mass
and IR spectra of this compound were shown in Table II, and its NMR spectrum was in Table III,

Reaction of IX with C,H,~MgBr C,H,-MgBr was prepared by the usual method from 4000 mg of ethyl
bromide and 1500 mg of Mg in 60 ml of ether. This solution was gradually added to a solution of 1800 mg of
IX in 100 ml of benzene. The reaction mixture was refluxed for 2 hr. After cooling, NH,CI-NH; aqueous
solution (120 g of NH,Cl and 24 ml of 289, NH, in 400 ml of H,0) was added to the reaction mixture. The
benzene layer was dried over anhyd. Na,SO,, and was chromatographed on a column of silica gel. The frac-
tion eluted with benzene gave X, as oil, in 16.0%, yield (321 mg). Mass and IR spectra of X were shown in
Table II, and its NMR spectrum was in Table III. The fraction eluted with CHCI; gave V-4, mp 62° as sli-
ghtly yellow needles from petr. ether, in 15.1%, yield (253 mg). Picrate of this compound, mp 179° was identi-
fied with an authentic specimen?® prepared from another route.

Reaction of VI-0 with C;H,~-MgBr C¢H;~MgBr was prepared by the usual method from 608 mg of
bromobenzene and 160 mg of Mg in 10 ml of ether. This solution was added in small portions to a solution of
500 mg of VI-O in 30 ml of THF with shaking. The mixture was refluxed for 3 hr. After cooling, NH,Cl-
NH, aqueous solution (20 g of NH,Cl and 4 ml of 28%, NH, in 70 ml of H,0) was added. The THF layer was
separated and aqueous solution was extracted with benzene. The extract was combined with the THF layer,
and dried over anhyd. Na,SO;. The residue, resulted from the evaporation of solvent, was chromatographed
on a column of silica gel. The first, second, and third fractions eluted with benzene gave, respectively, VIc’-
1,2 mp 163° as colourless needles from petr. ether-benzene, VI-0,” and VIb-1,') mp 76—78° as slightly
yellow needles from petr. ether. The fraction eluted with CHCI, afforded Vi, The yields of these products
were in Table IV. Melting point and exact mass measurement of VIi were shown in Table V, and NMR spec-
trum of VIi were in Table VI,

Reaction of VI-0 with C;H,CH,~-MgCl——To a solution of 500 mg of VI-0 in 30 ml of THF, a solution of
CH,CH,~MgCl prepared from 500 mg of benzyl chloride and 160 mg of Mg in 10 ml of ether was added, and
the mixture was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the
reaction of VI-0 with CgH,~MgBr. The elution with benzene gave VIc-2 which was recrystallized from ben-
zene. The first and second fractions eluted with CHCI, gave, respectively, VIa-2,'") picrate mp 117°, and VId-
2 which was recrystallized from petr. ether. The yields of these products were shown in Table IV. Melting
points, elemental analyses, and IR spectra of VIc-2 and VId-2 were shown in Table V, and their NMR spectra
were in Table VI.

Reaction of VI-0 with (CH,),CH-MgBr To a solution of 500 mg of VI-0 in 30 ml of THF, a solution of
(CH,),CH-MgBr prepared from 500 mg of isopropyl bromide and 160 mg of Mg in 10 ml of ether was added,
and the mixture was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the
reaction of VI-0 with CgH;—MgBr. The first, second, and third fractions eluted with benzene gave, respec-
tively, VIc’-3 which was recrystallized from petr. ether, VIc-3 which was recrystallized from petr. ether, and
VI-0.9 The elution with CHCl,; gave VId-8 as oil. The yields of these products were shown in Table IV.
Melting points, elemental analyses, Mass, and IR spectra of VIc-3, VIc’-3, and VId-3 were shown in Table V,
and their NMR spectra were in Table VI.
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Reaction of VI-0 with C;H,-MgBr——To a solution of 500 mg of VI-0 in 30 ml of THF, a solution of
C,H,~MgBr prepared from 430 mg of ethyl bromide and 160 mg of Mg in 10 ml of ether was added, and the
mixture was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the reaction
of VI-0 with C;H,—MgBr. The first, second, and third fractions eluted with benzene gave, respectively, VIc’-
4,2 mp 93—94° as colourless needles from petr. ether, VI-c-4 which was recrystallized from petr. ether, and
VI-0.? The first and second fractions eluted with CHCl, afforded, respectively, VIa-4,'® picrate mp 123°,
and VId-4 which was recrystallized from petr. ether. The yields of these.products were shown in Table IV.
Melting points, elemental analyses, and IR spectra of VIc-4 and VId-4 were shown in Table V, and their NMR
spectra were in Table VI.

Reaction of VI-0 with CH,~MgI To a solution of 500 mg of VI-0 in 30 ml of THF, a solution of CH;-
MgI prepared from 550 mg of methyl iodide and 160 mg of Mg in 10 ml of ether was added, and the mixture
was refluxed for 3 hr. The isolation procedure was carried out in the same fashion as for the reaction of VI-0
with C;H,~MgBr. The elution with benzene recovered VI-0.” The first and second fractions eluted with
CHCI, gave, respectively, VIb-5,20 mp 77° as colourless needles from petr. ether, and V1d-5,2 mp 118—119°
as slightly brownish needles from petr. ether. The yields of these products were shown in Table IV.

Preparation of VId-4 A mixture of 200 mg of XI, 200 mg of K,CO,, and 430 mg of ethyl bromide in
10 ml of acetone was heated at 150° for 5 hr in a sealed tube. After cooling, solvent was removed and 20 ml
of H,0 was added to the residue. The mixture was then extracted with benzene. After dried over anhyd.
Na,S0,, the extract was passed through a column of silica gel to give VId-4, mp 64—65° as colourless needles
from petr. ether, in 13.0%, yield (31 mg). Elemental analysis and IR spectrum of this compound were shown
in Table V, and its NMR spectrum was in Table VI.

Reaction of VII-0 with C;H;~MgBr CsH,~MgBr was prepared by the usual method from 1300 mg of
bromobenzene and 400 mg of Mg in 7 ml of ether. This solution was gradually added to a solution of 500 mg
of VII-0 in 15 ml of benzene, and the mixture was refluxed for 3 hr. ~ After cooling, NH,Cl-NH, aqueous solu-
tion (a solution of 5 g of NH,CI and 2 ml of 289, NH, in 20 ml of H,0) was added, and the mixture was ex-
tracted with benzene. After dried over anhyd. Na,SO,, the extract was passed through a column of alumina
to give VIId-1, mp 133—134° as orange yellow needles from isopropyl ether. The yield was shown in Table
VII. This compound was identified with an authentic specimen?) prepared from another route.

Reaction of VII-0 with CH;~-Mgl To a solution of 500 mg of VII-0 in 15 ml of benzene, a solution of
CH,-MgI prepared from 700 mg of methyl iodide and 300 mg of Mg in 7 ml of ether was gradually added, and
the mixture was refluxed for 1 hr. When the isolation procedure was carried out in the same fashion as for
the reaction of VII-0 with C;H,~MgBr, VIId-5 was given, mp 114—115° as colourless needles from isopropyl
ether. The yield was shown in Table VII. This compound was identified with an authentic specimen®
prepared from another route. '

Reaction of VII-0 with CJH ~Li To a solution of 500 mg of VII-0 in 15 ml of benzene, a solution of
C,H,~Li prepared from 1000 mg of bromobenzene and 150 mg of Li in 8 ml of ether was added, and the mix-
ture was refluxed for 1 hr. When the isolation procedure was carried out in the same fashion as for the reac-
tion of VII-0 with C;H;-MgBr, VIId-12% was obtained. The yield was shown in Table VII.
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