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(120 ml), HNO; (d 1.42) (8 ml) was slowly run in at 45 & 2°,
After stirring at this temperature for a few minutes, Hy50, (2 ml)
was added to the reaction mixture in several portions. Stirring
was continned at 55-60° for 15 min and cooled, and the product
was filtered off giving 10.2 g (979%). Recrystallization from
FE1OH gave vellow needles, mp 308-300°.  Anal. (CpHsFNO,)
C,H,N.

2-Amino-4-nitro-6(5H)-phenanthridinone (5).—A solution of
KOH (1.1 g) in H.O (5 ml) was added in one portion to a boiling
suspensicn of 4 (3.1 g, 9 mmoles) in 959, EtOH (400 ml). The
solution was boiled until erystallization of the product took place.
The rest of the solveut was then driven off without heat by an air
stream. The solid was triturated in H:O and collected by filtra-
tion, 2 g (87%;). Recrystallization from PhMe gave ai analytical
sample, mp 308-309° dec. Anal. (CisHN;O3) C, H, N.

N-Acetyl derivative melted at 284-285° (AcOH).
(CisH.uN;304) C, H, N.

4-Nitro-6(5H)-phenanthridinone (2b).—Deamination of 5
with H;PO, (509,) gave yellow needles (CéHe—EtOH), mp 259-
260° (1it.* mp 264-265°). Amnal. (C,3HsN,0s) C, H, N.

4-Amino-6(5H)-phenanthridinone (6). By Rearrangement of
9-Oxofluoren-1-amine.—Saturated aqueons NaN; (20 g) was
added dropwise to a stirred and ice-cooled mixture of 9-oxofluoren-
l-amine® (30 g) and H.S0; (200 ml) over a period of 2.5 hr.
After 22 hr of stirring at ambient temperature the reaction mix-
ture was diluted with ice-water (200 ml). The amiue sulfate
was collected, treated with excess 59, NaOH, and the product, 28
g (87%,), was recrystallized from EtOH giving lustrous crystals,
mp 311.5-312.5°.  Anal. (CsHN0) C, H, N.

By Reduction of 2b.—A suspension of 2b (1.4 g), 859, N;H,-
H,0 (3 ml), and 59, Pd-C (50 mg) in EtOH (100 ml) was gently

(9) H. Gilman and J. Eisch. J. Am. Chem. Soc.,. 79, 5479 (1957).

(10) E. H. Huntress, K. Pfister, and K. H. T. Pfister, thid., 64, 2846
(1942),

Anal.
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refluxed for 5 hr and filtered, and the filtrate was concentrated
giving 0.9 g, melting point and mixture nelting point with the
above componund showed no depression.

2,4-Diamino-6(5H )-phenanthridinone.—Reduction of 5§ the
same way as described above gave the diamme (70;), nip 310~
211°0 Anol. (CsHUN:OY C, H. N

Converslon of 1-Iodo-9-oxofluorene Oxime to 1-lodo-9-oxo-
fluorene in PPA.—1-lodo-9-oxofluorene oxime? (0.5 g) was
mixed with PPA (25 g). The mixture was heated at 125-130°
for 15 min, cooled, and diluted (H,O). The yellow solid was re-
crystallized from EtOH and then chromatographed in (eHg
through an alumina calunmn giving 0.8 g of I-ioda-9-axofluna-
renel. 1! (melting point aud mixture melting point).

Conversion of 1-Nitro-9-oxofluorene Oxime to 1-Nitro.9-
oxofluorene in PPA . —Similarly 1-nitro-9-oxofluoreue oxime (0.5 g)
and PPA (25 g) were heated at 120-125° for 15 min and treated
with H,O. After chromatography on alumina (C¢Hs), 1-nitro-9-
oxofluorene!? (melting point and mixture melting point) was
obtained.

4-Todo-6(5H)-phenanthridinone (2a).—Saturated aqueous Na-
NO; (3.5 g, 0.05 mole) was added portianwise to a stirred mixture
of 6 (6.3 g, 0.03 mole), H;SO4 (60 ml), and H,O (120 ml) at 5-10°
(156 min). After stitring at 0-3° for 1.5 hr, excess HNO, was
destroyed by meaus of urea (1.2 g). A cold (5°) solution of KI
(48 g), 1, (24 g), and H.O (50 mil) was then added all at once to the
diazotization mixture, which was allowed to stand overnight,
heated for 15 min on a steam bath, and diluted with H,O. The
prodilet was filtered off and treated with dilute Na,8,0; giving 7.6

g (83.59%). Chromatography on alumina with C¢Hs as eluent
gave lustrous platelets, mp 243-244°, Anal. (C,;H;INO) C, H,
I,N.

(11) N. Kharasch and T. C. Bruice, 1bid., 78, 3240 (1951).
(12) R. H. Chase and D. H. Hey, J. Chem. Soc., 553 (1952).
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New nuclear-substituted (3-acetamido, -amino, -carbethoxy, -chloro, -fluoro, -methyl, and -trifluoromethyl
and 4-amino, -nitro, and -nitroso) bis(2-methanesnlfonoxyethyl)anilines have been prepared by (1) N-hydroxy-
ethylation of an appropriately ring-substituted aniline with ethylene oxide, (2) esterification of the hydroxyl

groups with methanesulfonyl chloride, and (3) further ring substitution (nitrosation or nitration).

The com-

pounds were evaluated for antitumor activity and the pertinent results are reported. N N-Bis(2-methane-
sulfonoxyethyl)-p-uitrosoaniline reported previously is still the most active compound in the series.

Earlier we reported??® the high antitumor activity of
N,N-bis(2-methanesulfonoxyethyl)-p-nitrosoaniline (20)
against a variety of animal tumors. The most
significant activity of 20 was shown against Walker
carcinosarcoma 256 (intramuscular), Dunning leukemia
(ascites), and against the cytoxan- and thiopurine-
resistant strains of Dunning leukemia (ascites). It was
also effective against intracerebral Dunning leukemia
and had an EDy in the order of 10— yg/ml in KB and
L1210 cell cultures. In a mitetic index study using

(1) (a) Presented in part at the First Northeast Regional Meeting of the
American Chemical Society, Boston, Mass., Oct 13-15, 1968, The work
was sponsored by the Cancer Chemotherapy National Service Center,
National Cancer Institute, National Institutes of Health, Contract No.
PH-43.66-502. Paper VI: Z. B. Papanastassiou, R. J. Bruni, and E.
White, V, Ezperientia, 24, 325 (1968). (b) Deceased. (c¢) To whom in-
aniries should be addressed.

(2) 4. P., Papanastassiou, R. J. Bruni, E. White, V, and P. L. Levins,
J. Med. Chem., 9, 725 (1966).

(3) 1. Wodinsky, Z. B. Papanastassiou, and C. J. Kensler, Proc, Amer.
Assoc. Cancer Res., T, 77 (1966).

L1210 cell culture, the compound was found to be a
potent inhibitor of cell division.* Preclinical toxicology
studies of 20 unfortunately showed that dogs and mon-
keys developed leukopenia and congestive heart
failure at doses of about 0.25 mg/kg.
Chemistry.—Because of the interesting biological
properties of 20 and in the hope of finding a compound
of even higher activity, we undertook a program to
svnthesize a series of related compounds. These were
prepared via the straightforward route illustrated in
Scheme I. The substituted anilines 1 were hydroxy-
ethylated with ethylene oxide®” to the N /N-bis(2-

(4) P. E. Baronowsky, I. Wodinsky, W. I. Rogers, and C. J. Kensler,
Pharmacologolist, 8, 211 (1966).

(5) P. E. Palm, M. 8. Nick, E. P. Denine, and C. J. Kensler, J. Tozicol.
Appl. Phurmacol., 12, 313 (1968).

(8) M, Freifelder and G. R. Stone, J. Org. Chem., 26, 1477 (1961).

(7) J. Degutis and V. Bieksa. Lietuvos TSR Aukstuju Mokyklu Mokslo
Darbai:  Chem. ir Chem. Technol., 8, 33 (1962): Chem. Abstr., §9, 8629
(1963).
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hvdroxvethyDanilines II. Most hydroxy compounds
were available commercially or had been reported
cavhier.s  1thysical properties of the two new ones arc
listed in Table 1.

The methanesulfonates I1I were prepared by treating
1T with MeSO.CL%  Some of the methanesulfonates

18) O. V. Ginzbairgh, B AL Porai-kosliits, and Yu Mar'vanovskaya, Zh.
Ohshel. Khim., 30, 570 (1960): Ckem. Abstr., 54, 24677 (1960): M. Szekerke,
R. Wade, and ¥, lersel, J. Ckem, Soc.. 1807 (1065): A. K. 8en. T. Okuda,
¢'. (. Price, ant! R. Rutman, Acta Unio Intern. Contra Cancrum, 26, 774
(1960); Chem. Abstr,, 58§, 548 (1961); V. M. Shimanski, A. F. Gaevski, and
M. A. Chernaya, 8b. 7Tr. Ukr. Nauchn.-Issled. Inst. Poligr. Prom., 6, 99
(1960), Chem. Abstr., 58, 10107 (1963): J. J. D'Amico, C. C. Tung, and
l.. A. Walker, J. Am. Chem. Soc., 81, 5957 (1959).

¢4} (a) A. Cohen and R. S. Tipson, J. Med. Chem., 6, 822 (1963). (b}
Cohen and Tipson® reported N,N-bis(2-methanesulfonoxyethyl)aniline ti
lie inactive in Walker carcinoma 256 but in Dunning IRC741 leukemia it
prroduced 30-day survivors at 5 mg/kg/day.

caled, 40.007; faund, 40.05;  ash, 0.30,
ealed, 34,0575 faund, 35,09,

ANt enled, 7.10; fannd, 6.63. - Cr o caled,

[II were nitrosated m HCl by the addition of aqueous
NaNO. or mtrated in AcOH by the addition of con-
centrated HNOjy to give the substituted anilines IV.
Some of the nitro groups were reduced eatalyvtieally
(1'd-C) to amino groups. The methanesulfonate esters
{Table I) prepared by this selieme were identified by ir
(1850- and 1175-em~! bands for OSO.CH:) and nme
(6 3.0 %, £.0 t, 4.5 t. and 6.5-S.1 m ppm for SO.CH;,
NCH,y, OCH.. and aromatic H, respectively) spectra and
elemental analvsis.  In general they were stable
crvstalline solids, although their stability appeared to
depend oun the clectron-donating and -withdrawing
ability of the nuclear substituents X and Y. The
vreater the donating power, the lesser the stabtlity;
e.g.. the phenyvienediamine 9 was shown by nmr to
solvolize (with the formation of MeSOzH) at n faster
rate than the nitrosoaniline 20, Methanesulfonation of
N.N-bis(2-livdroxvethyl)-p-msidine. m-IN,N-bis(2-
hvdroxvethyl)amnino [benzoie  aeid,  m-{N,N-bix(2-hy-
droxyethyDaino [phenol, p-[N,N-bis(2-hvdroxyvethyl)-
amino Jacetanilide, and N, N-(2-hydroxydiethyl)aniline
gave only pure oils. The desired products eould not
be purified duc to their instability, attributed to the
higher basieity of the amino nitrogen of these eom-
pounds. The nitroso compounds were relatively stable,
but they appeared to be slightly sensitive to light and
leat.

For the preparation of 12 it was necessary to use
isoamyl nitrite in AeOH with a siall amount of con-
centrated HCL since the usual nitrosation procedure
proved unsuceessful.  Furthermore, we were not able
to repeat the synthesis. The nitrosation of 7 and 8 was
also unsuccessful.

The nitrocarbethoxv compound 18 was prepared by
the usual nitration of 8 but 18 was also the only com-
pound isolated during the attempted nitrosation of 8.
The nitrochloro eompound 15 was obtained as two
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Tasre 11
SCREENING Dawac
X*Q—N(CH:(‘H:Z);
Y
KB EDs, LEP WME
Compd X Y Z ug/ml mg/kg T/C. 9 mg/kg T/C. %
3 H Ci OMs 2.6 X 1072 8.00 150 16.0 2
4 H F OMs 1.6 X 1071 20.0 151
b H NHCOCH; OMs 8.9 3.00 186 5.00 0
(i H NO, OMs 6.8 100 148 100 ]
7 H CF; OMs 7.6 25.0 156 17.0 0
8 H COOC.H: OANIs 2.9 X107t 200 132 128 0
9 H NH. OMs 6.6 8.00 2094
10 NO CH;, OMs 5.9 X 103 0.50 149 5.00 3
11 NO Cl OMs 1.3 X 1072 0.50 138 0.20 6
12 NO F OMs 1.3 X 1072 7.00 151 5.00 12
13 NO NHCOCH; OMs 1.3 X 1072 0.40 130 3.40 17
14 NO, H OMs 3.6 400 121 400 3
15 NO: Cl OMs 6.7 400 130 50.0 24
16 NO. F OMs 6.2 400 105
17 NO, CF; OMs 1.6 X 10 400 93
18 NO, COOC,H; OMs 1.7 400 104 400 79
19 NH, COOC,H; OMs 6.0 5.00 154 5.00 3
20) NO H OMs 1.7 X 10 0.64 140 2.00 0
21 NO H OTs 1.4 X 10! 100 124 50.0 5
22 NO H OH 8.3 X 10 20.0 101
@ Only the most effective doses below lethal levels and the resulting T/C percentages are presented for each compound. *LE =

L1210 lymphoid leukemia.

polymorphs of different melting points, as proven by
microscopical fusion analysis, in two identical prepara-
tions.

Biological Results.——The compounds were screened
for antitumor activity against KB cell culture, 1.1210
lymphoid leukemia, and Walker carcinosarcoma 256
(intramuscular) under the auspices of the CCNSC,

Our results (presented in part in Table II) indicated
that the addition of almost any nuclear substituent
imparted higher activity to the parent N, ,N-bis(2-
methanesulfonoxyethyl)aniline.®®* Of the groups in-
vestigated the p-NO produced the highest activity;
20 stands as the most active compound in the series.
The addition of a p-NO group to the meta-substituted
methanesulfonoxyethylanilines (10-13) failed to in-
crease the activity above that of 20 even though some
of the meta-substituted methanesulfonoxyethylanilines
themselves (3-9) showed considerable activity. The
corresponding nitro compounds (14-18) were less active
than the unnitrated compounds. Both nuclear sub-
stitution and the methanesulfonate alkylating moiety
seemed to be required for attaining carcinolytic
activity; e.g., 22 (a nuclear-substituted hydroxyethyl-
aniline) and N,N-bis(2-methanesulfonoxyethyl)aniline
(a methanesulfonate with no nuclear substituent) were
both inactive, whereas 20 (a nuclear-substituted
methanesulfonate) was very active. Two examples
(chlorambuecil and sarcolysin) of nuclear substitution
enhancing the activity of the parent aromatic mustard
were cited by Ross.10

An attempted correlation between the estimated
pK, values of the substituted methanesulfonoxyethyl-
anilines and the cytotoxicity in KB cell culture was
unrewarding. The values were too scattered to indicate

(10) W. C. J. Ross. ''Biological Alkylating Agents," Butterworth and Co.
(Pulilishiers) Ltd., London, 1962.

¢ WM = Walker carcinosarcoma 256 (intramuscular).

4 Nonreproducible results.

a trend. Thus the compounds of the methanesulfonate
series did not follow quantitatively what Everett and
Ross'! had demonstrated for the aryl-2-haloalkylamines,
i.e., that “‘substitution in the aromatic nucleus tending
to reduce the chemical reactivity of the halogen atoms
(as measured by the rate of hydrolysis in aqueous
acetone) also reduces the biological activity.”

N,N-Bis[2-(p-toluenesulfonoxyethyl) l-p-nitrosoani-
line (21) was found to be less active than the correspond-
ing methanesulfonoxy compound 20.

Experimental Section!?

Except for the following examples, the usual synthesis tech-
niques referred to above were followed for the preparation of the
compounds mentioned.

3-/Bis(2-methanesulfonoxyethyl)amino}acetanilide (5).—
MeSO.Cl (14 ml, 0.18 mole) was added with stirring to a solution
of 17.6 g (0.075 mole) of 3-[bis(2-hydroxyethyl)amino]acetanilide
in 105 ml of dry (BaO) pyridine at —10°. The mixture was
stirred at —10° for 30 min, then poured into petroleum ether
(bp 37-48°) to precipitate the crude product as an oil. The
solvent was decanted and the oll was triturated several times
with petroleum ether. The oil was dissolved in CHCl; and the
solution was washed (ice-cold 59, H,S80,, H:0, saturated NaCl).
The dried (Na.S0,) CHCIl; solution was warmed and clouded with
petroleum ether and allowed to crystallize. Properties of the
product are listed in Table I.

N,N-Bis(2-methanesulfonoxyethyl)-3-fluoro-4-nitrosoaniline
(12).—To a solution of 1.43 g (0.004 mole) of N,N-bis(2-methane-~
sulfonoxyethyl)-3-fluoroaniline in 5.0 ml of AcOH and 0.8 ml of
concentrated HCl was added 0.7 ml (0.006 mole) of z-AmONO.

(11) J. L. Everett and W, C. J. Ross, J. Chem. Soc., 1972 (1949).

(12) All melting points were taken on a Mel-Temp capillary melting point
apparatus and are uncorrected. Ir spectra were determined as Fluorolube
and Nujol mulls and were recorded on a Perkin-Elmer 237 spectrophotom-
eter. The nmr spectra were obtained on a Varian Associates A-60 spectrom-
eter equipped with a V-8040 variable-temperature controller and probe.
The microanalyses were performed by Dr. S. M. Nagy of the Massachusetts
Institute of Technology. Where analyses are indicated only by symbols of
the elements, analytical results obtained for these elements were within
+0.4% of the theoretical values.
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The solntion was stiered far 10 min wirh slight enoling and they
wosolutian of 0.4 g (0,006 mole) of aren f 1 wd of 1O and 5
draps of concentrated 11CI was added.  The reaction solution
was immediately poured inta 150 ml of cold Hy(O) and extracted
(EtOAe). The FtOAe solution was partially dried by filtering
thrangh CaS0, and encugh petrolenm ether was added to force
I1:0 and a brown tar oat of solutinn. The EtOAc~petrolenni
etlier solution was decanted from 110 awd tar and elonded with

Charge-Spatial Models.

Vol 12

wmore petrolenn ether and allowed vr erystallize at Dreyv Tee
tenperature.  Traperties of the praduet are listed in Talde 1.

N,N-Bis|2-( p-toluenesulfonoxy)ethyl] -p-nitrosoaniline (21 &
N,N-Bis!2-(p-toluenesulfonoxy Jethyljaniline®s was nitrosated in
a mixture of AcOH and 6 N HCI and worked up in the usuul
way.” The crude product was recrystallized from absolute
EtOH ta give a 759 yield of pure 21 as a green puwder, mp
7118 dee,  tral, (CoHuaN20:8) () T, N,

cis- and trans-3- and -4-Substituted Cvelohexyl

Phosphates as Analogs of 2’-Deoxyuridine 5’-Phosphate!

MaTaIAs P, MERTES AND EvGENE A, Coars

Departwent of Medicinal Chewrisivy, School of Pharmacy, University of Kansas, Lawrence, Kansas 66044

Received fanuary 24, 1964

The isomers of 3- and 4-substituted cyclohexyl phosphates were synthesized for examination of the binding

sites af thymidylate =yuthetase.

chloridate gave c¢is-s-diphenylphosphoryleyvelohexanecarbaxylic acid (5a).
fallowed by NHLOI gave cis-3-carbamoylevelohexyl diphenyvl phosphate (5b).
3-N-acetylearbamoyleyelahexyl diphenyl phosphate (5e).
phienyl phosphate (58d) was accanplished by treating the acid chloride of 5a with urea.
genolysiz of the diphenyl phosphates 5b-d vielded the respective phosphates 1b-d.
(2b-d), cis-4 (3b-d), and mixed cls-trans-4 (4b-d) phoxphates were prepared by the same sequence.

cls-3-Hydraxyeyclahexanecarbaxylie acid treated with dipheuylphosphora-

Subsequent treatmeut with SOCL
Acetylation of b gave cis-
The =ynthesis of e/s-3-allophanovicyclohexyl di-
Pt-catalvzed hydro-
The corresponding ¢rans-3
The phos-

phates were found ta be weak inhibitors of thymidylate syuthetase; highest activity resided in ¢is-4-N-acetvi-
carbamayleyvelohexyl phospliate (3¢) and ¢/s-4-allophanoylevelohexyl phosphate (3d).

The commonest approach to the design of enzymatie
inhibitors is based on analogs of the natural metabolites
of the particular enzyme.  While there is no gquestion of
the produectivity of this approach, the metabolite varia-
tions that can be designed as potential inhibitors arve
limited and in many cases the svnthesis becomes ex-
tremely laborious.

Another approach to the design of enzyine inhib-
itors that is unlimited in scope can be built on the prem-
ise that the most important features in speecific en-
zymatic binding reside in 4 maximumn of two or three
portions of a molecule, and the remainder of the mole-
cule 1s o template strueture holding the correet charge
sites in the proper spatial arrangement.  Binding to
the enzyvme through these charge sites of the molecule
relies on attractive forees such aus exist between unlike
charges, either dipoles or ion-ion pairs, hyvdroplobic
bonding, or other physiecochemical cohesive forees.?  An
exsential to binding is that these sites of the molecule
are held in the correct sterie-spatial relationship with-
ont sterie interference of approach to the enzvine.

Tu an attempt to examine these postulates initial
studies were direeted to the inhibition of thymidylate
syiithetase, the enzyime eatalyzing the conversion of
2’-deoxyvuridine 5’-phosphate to thymidine 5’-phos-
phate.*  Previous studies by many investigators have

i1) This work was supporiel by a DPublic Nealth Suvrvice predocteral
fellowsliip 5-171-GM-29.336 to EAC and by Grants CA5639 and 1K3-CA-
10,739 frim tle National Clancer Institutes, Natianal Institutes of 1Tealtl,.
Alatrageted in nart from the PlD. thesis of I, A, C. snlimitted to the
Craduate Selool, University of Kauras,

(2) For furtlier consideration of ntiravtivee forees Letween molecttlis
particnlarly as aptlietl to enzymatie hinding see: (a) B, R, Baker, "'Design
of Active-Site-Direrted Irreversible Pnzyme Inhibitars,' John Wiley and
Sons, Inc., New York, N. Y., 1867; (h) I, Lerden Webl, “Enzyme an!
Metabolic Inliiliitors," Val. I. Academic Press, New York, N. Y., 1963.

(3) (a) M. Friedkin, .Annu. Rev. Biochem., 82, 185 (1963): (b) R. L.
Islakely, 3. V. Ramasastri, and B. M, McDougall, J. Biol. Chem., 238, 307"
(1963); (e) P. Reves and C. Heidelberger, Mol. F'hurmacol., 1, 14 (1865:;
(1) M, J. 8. Lomax and G. R. Greenberg, J. Biol. Ckem., 242, 1302 (11167}
ey B 1 Pastore and M, Friedkin, ¢bid., 287, 3802 (1962).

demonstrated that the phosphate group is essential for
binding. In addition, studies reported on azapyrimidine
nucleotides and 3-fluoro- or 3-trifluoro-2’-deoxyuridine
57-phosphates suggest a requirement for an acidie func-
tion (pK, = 9.510 ~7.0) at the NgH-C,;0 portion of the
pyrimidine ring.*»* ‘The correet spatial relationship of
these two moieties for maximum binding has not been
studied.  Assuming the syn or anti configuration for the
pyrimidine ring and the fact that the 5-phosphate is
theoretically freely rotating, several possible spatial ar-
rangements can be formulated. Using the substrate
2’-deoxyuridine 5’-phosphate as the model, witlh a fully
extended phosphate the syn and ant pyrimidine ring
configurations show a range of 6.4-7.6 A between the
center of the T atonn and the center of N-3. 3

For the preliminary studies this range of 6.4-7.6 A be-
tween the acidie function and a phosphate was selected.
The models used were cyvelohexyl phosphates substi-
tuted ¢is or (rans at positions 3 or 4: compounds 1b-d.
2b-d. 3b-d. und 4b-d. The substituents used at these
positions were the amide whieh is neutral and should be
mactive, the N-acetylamide, and the acvilcarbamate
group. hoth of which are weakly acidic.  Although the
1.5-trans and the 1,4-cis syvstems arve flexible. the dis-
tanees between the jonizable NH and the 1' atom in
these models, assuming extended phosphate and :thli(li-
Zroups, are (;stimate(l to be (}.(2 i (1,3-trans), 6.4 A
(1,3-¢is), 6.8 A (1 4-cis), and 7.2 A (1,4-trans).

Catalvtic hydrogenation of m-hydroxybenzoie aeid?
has afforded mainly eis-3-hvdroxyeyelohexanecarbox-
vlie acid.  On the basts of more recent favorable results
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(3) (a) A. Einhorn, Anqa., 291, 301 (1896); (b) W. H. Perkin ani G.
Tattersall, J. Chem, Soe., 91, 486 (1907):; (c) E. J. Boorman and R. 1"
linstead, thid., 258 (1935); (d) D. S. Noyce and D. B. Denney, .JJ. lut.
Chem, Soc., T4, 4012 (1952); (e) M. Kilpatrick and J. G. Morse, ihil., 75,
184 (1953); 1f) . S. Noyee and H. J. Weingarten, ibid., 79, 3098 (1457);
(g) H. O, House, H. Babad, R. B. Toothill, and A. W. Noltex, J. Org. Clem.,
27, 4341 (1982,
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