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Anal. Caled for CeHiOeS;: €, 22,22, H, 3.73; 3, 20.65.
Found: C, 22.30; H, 3.80; 8, 29.70.
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tional Institutes of Health, Bethesda 14, Maryland, for
the screening of the compounds and for making the
results available.
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In developing structural designs for compounds
which would prove effective as systemically admin-
istered insect repellents, we sought to combine within
a single molecule (1) a component known to have
affinity for dermal tissue with (2) a component possess-
ing certain insect-repellent (or prophylactic or thera-
peutic) propertiex. In the initial phase of our explora-
tory work, we have synthesized a series of compounds
(I-IIT and VI-VIII) combining into one molecular
entity a moiety (IV) known to be transported to and
found in epidermal tissue in significant quantities?
[or a component (IX) of the latter], with moieties
ascertained  to  have mosquito-repellent properties
(anisyl aleohol,?* N, N-diethyl-m-toluamide,?» and citro-
nellol®).

OR ¢ OCH, OR 0
H
{ )=o
HCO 0 H,CO 0" H
Cl CH; Cl
I, R = p-CH2C5H4OCH3 \I, R = p-CH2C6H4OCH3
II, R = m-CH.C:H,CON- V1L R = m-CH,CeH,CON-

(CeHy),

2 Ha)2
II, R = CH,CH,CH(CH,)- VI R = CH,CH,CH(CH,)-

' CH,CH,CH=C(CHj,), CH,CH,CH=C(CH,).
IV, R = CH; IX, R = CH,
VR =H X, R =H

Chemistry.—The subject compounds could be viewed,
basically, as condensation products of 4-demethyl-
griseofulvin?® (V) and of the corresponding coumaran-3-
one (X) with anisyl aleohol, N,N-diethyl-m-toluamide,
and citronellol.

Compounds I, II, and III were actually obtained
by treating V with anisyl bromide’ (XI), 3-(N,N-
diethylearbamoyl)benzyl bromide (XITI), and citro-

(1) This investigation was supported by Research Contract No. DA-49-
193-MD-2636 from the U. S. Army Medical Research and Development
Command, Washington, D. C.

(2) F.J. Roth, Jr., and H. Blank, A.M.4. Arch. Dermatol., 81, 662 (1960).

{3) W. V. King (Compiler), “Chemicals Evaluated as Insecticides and
Repellents at Orlando, Fla.,"” Argiculture Handbook No. 69, Entomology
Research Branch, Agricultural Research Service, U, 8. Department of Agri-
culture, Washington, D. C., 1954: (a) p 52; (b) p 327; (c) p 120.

(4) V. Arkley, J. Attenburrow. G. I. Gregory, and T. Walker, .J. Chem.
Sne., 1260 (1962).

(%) W. Q. Beard, Jr., and C. R. Hauser. J. Urg. Chem., 25, 334 (1960).
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nellyl bromide® (XIII) in acetone and/or dimethyl-
formamide, in the presence of potassium carbonate.

7-Chloro-4-hydroxy-6-methoxycoumaran-3-one  (X).
a hitherto unreported moiety, was obtained by the
selective  demethylation of 7-chloro-4,6-dimethoxy-
coumaran-3-one (IX) using a modification of the pro-
cedure employed in the demethylation of grizeofulviu
by Arkley, et al.®

The structure of the hydroxycoumaranone (X) wus
established by chemical and spectral evidence.  Oxida-
tive degradation of X in anticipation of obtaining the
known’ 3-chloro-2,6-dihydroxy-+-methoxybenzoic acid
proved unsuccessful.  Qur inability to isolate a prod-
uet from this direet oxidation appears to be couslsten
with the observation of Molho®; according to his in-
terpretation, the corresponding salieylic acid deriva-
tive could not be obtained from a 4-hydroxy-substituted
cowmnaranone because it is destroyed under the pre-
vailing reaction conditions. Since our attempts 1o
oxidize 7-chloro-4,6-dimethoxycoumaran-3-one (1X) niet
with suceess and vielded the expected 3-chloro-2-
hyvdroxy-4,6-dimethoxybenzoic acid® (XIV), we were
led to the following approach. Both the hydroxy-
coumaranone (X) und the known* 7-chloro-4+-hvdroxy-
6,2’-dimethoxy-6"-methylgris-2’-ene-3,4’-dione (V).
upon conversion to the respective ethyl ether deriva-
tives (XV and XVI4 and subsequent oxidation with
potassium permanganate, yvielded the same acid, 3-
c¢hloro-6-cthoxy-2-hydroxy-4-methoxybenzoic acid (N~
VID), as confirmed by the melting and mixture melting
points of the acids as well ax their superimposuble -
frared spectra, and the elemental analyses of the acid
and its anilide derivative (XVIII). Moreover, had
the hvdroxyeowmaranone been the isomeric 7-chloro-

OH 0 C.H:O 0
| :
mco” Yy o0 H H,CO H
c Cl
X XV \\
OH O OQCH, OC:Hs
COOH
LI XD=o
HsCO ¢ Hs:CO OH
Cl CH; Cl
XVII

R /
N\ CH:Q 0 OCH;

=0
H;CO 0
Cl CH;

XVI

6-hydroxy-4-methoxycoumaran-3-one, oxidative degra-
dation of its ethyl ether derivative would have afforded
the known 3-chloro-4-ethoxy-2-hydroxy-6-methoxyben-
zoic acid,® mp 179-181° dec.

(6) R, Lukes, A. Zobacova, and J. Plesek, Croat. Chem. Acta. 29, 201
(1957): Chem. Abstr., 83, 17898¢ (1959).

(7) 1. F. Grove, P. W. Jeffs. and D. W. Rustidge, J. Chem. Soc.. 1954
(1956).

(8) D. Molho, Bull. Sec. Chim. France, 39 (1956); Chem. Ahstr.. 60,
14726/ (1956).

9y J. F. Grove, D, Ismay, J. MacMillan. T. P. . Mulholland, and M, .
T. Rogers, J. Chem, Soc., 3958 (1952).

(10) I.. A, Duncanson, J. F. Grove, J. MaeMillan, and T. P. C. Muliol-
laund, ihid., 3555 (1957).
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ULTRAVIOLET ABSORPTION CHARACTERISTICS OF 7-CHLORO-4-HYDROXY-6-METHOXYCOUMARAN-3-ONE (X))
AND SELECTED REFERENCE COMPOUNDS

Ref compd?®
R, O
H K-band
H In 959, EtOH In 959 EtOH with 29, HCI In aqueous 0.1 ¥ NaOH
R; 0 Found? Ref? Found® Ref® Found®
R Amax, Amax, Amax, Amax. Amax-
3 log e mu log e mu log « mu log ¢ mu log ¢ mu
XIX,R; = OH; R; = OCH;; R; = H 4.33 283 4.31 280 4.31 284 4.35 285 4.25 284
XX,R;, =0CH;; R, =0H; R, =H 4.35 284 4.53 318

« Summarized from a paper by Duncanson, et al.®® * For 7-chloro-4-hydroxy-6-methoxycoumaran-3-one (X).

We obtained additional confirmation for the struc-
ture of X by determining its ultraviolet absorption
characteristics (see Table I). It can be seen that the
spectral characteristics of X are in excellent agreement
with those reported by Duncanson!® for the similarly
substituted 4-hydroxy-6-methoxycoumaran-3-one (X-
IX), and are consistent with the observations of Cram
and Cranz!! on the spectra of o- and p-hydroxyaceto-
phenones in ionizing and nonionizing media. Com-
pound X must be a 4-hydroxycoumaran-3-one since
its K-band, like that of Duncanson’s 4-hydroxy de-
rivative, has maxima of similar intensity and wave-
length in both ionizing as well as nonionizing media;
those of Duncanson’s 6-hydroxycoumaran-3-one oceur
at considerably longer wavelengths and with signifi-
cantly greater intensity in ionizing media.

Compounds VI, VII, and VIII were prepared by the
interaction of X with XI, XII, and XIII in dimethyl-
formamide in the presence of potassium carbonate.

Evaluation of Repellency.—The compounds synthe-
sized have been subjected to screening for mosquito
repellency by Dr. C. N. Smith and Mr. H. K. Gouck of
the Entomology Research Division, U. 8. Department.
of Agriculture at Gainesville, Fla., by their standardized
test.!? Preliminary tests have shown that the six
compounds evaluated possessed no repellent activity
against 4edes aegypti mosquitoes.

Experimental Section!3!¢

3-(N,N-Diethylcarbamoyl)benzyl Bromide (XII).—To an ice-
cold solution of 61.4 g (0.221 mole) of 3-bromomethylbenzoyl
bromide®* (XXI) in 200 ml of anhydrous benzene, a solution of
diethylamine (32.3 g, 0.442 mole) in 150 ml of anhydrous benzene
was added dropwise. After the reaction mixture was stirred at
room temperature for 3 hr, the precipitated diethylamine hydro-
bromide was removed by filtration and washed with anhydrous
benzene. The filtrate and washing were combined and the sol-
vent was removed under reduced pressure. The residual oily
liquid (57.0 g, 95.5% ) was used without further purification after

(11) D. J. Cram and F. W, Cranz, J. Am. Chem, Soc., 72, 595 (1950).

(12) Communication from the Entomology Research Division, U. 8. De-
partment of Agriculture, Beltsville, Md. (Gainesville, Fla.); ¢f. C. N.
Smith, I. H. Gilbert, H. K. Gouck, M. C. Bowman, F. Acree, Jr., and C. H.
Schmidt, ‘“Factors Affecting the Protection Period of Mosquito Repellents,”
Technical Bulletin No. 1285, Entomology Research Division, Agricultural
Research Service, U. 8. Department of Agriculture, Washington, D. C., 1963.

(13) The authors acknowledge the technical assistance of Miss Linda F.
Lorenzen and Miss Patricia J. Ward.

(14) Melting points were determined with a Swisseco melting point ap-
paratus containing silicone fluid and are corrected. Boiling points are un-
corrected. Ultraviolet spectra and infrared spectra were obtained, respec-
tively, with the Perkin-Elmer Model 202 and 137B spectrophotometers. A
Rudolph Model 62 polarimeter was employed to determine optical rotations.
Analyses were performed by Drs. G. Weiler and F. B. Strauss, Oxford,
England.

(15) W. Davies and W. H. Perkin, Jr., J. Chem. Soc., 131, 2202 (1922).

drying at 100° (0.5 mm) for 3 hr, since it decomposed during all
attempts to purify it by vacuum distillation.

8-Bromo-2,6-dimethyloctene-2 (citronellyl bromide) (XIII)
was prepared according to the procedure reported for the synthe-
sis of 5-bromo-2-pentene by Goering and co-workers.’® Phos-
phorus tribromide (24.5 g, 0.090 mole) was added slowly to a cold
solution of citronellol (31.2 g, 0.200 mole) ([«]%*p +1.2981°
(neat, I. = 1 dm), d?® 0.8557) and pyridine (6.32 g, 0.090 mole),
maintaining the reaction temperature below —20°; the reaction
mixture was stirred for 0.5 hr subsequently. The crude product
(38.3 g) obtained by a preliminary distillation under reduced
pressure was dissolved in ether and washed successively with
ice water, 59, NaHCQ;, and saturated NaCl solution. After
drying (Na,SOy), the ether was removed by distillation, and
fractionation through a 22.5-em Vigreux column yielded a color-
less liquid (31.8 g, 72.69% ), bp 104-108° (56 mm), n%p 1.4764,
[«]®Dp —2.9182° (neat, . = 1 dm), d?¢ 1.0946; lit.® bp 111° (12
mm), n¥p 1.4756, [a]*D —6.93°, d*°1.1105.

7-Chloro-4-hydroxy-6,2'-dimethoxy-6'-methylgris-2’-ene-3,4'-
dione (V) was synthesized by the method of Arkley and
co-workers.* The analytical sample, obtained as the monohy-
drate by recrystallization from aqueous acetic acid and aqueous
methanol, melted at 113.8-115.0° (fusion) in accordance with the
observation of Boothroyd, et al.’” While Arkley and co-workers*
reported the melting point as 140-143°, their value for the specific
rotation was in agreement with our findings, [«]%*p +322.4°
(¢ 1.250, acetone).

Anal. Caled for C¢H;;ClOs-H0: C, 53.87; H, 4.80; Cl,
9.94. Found: C,53.78; H, 4.78; Cl, 10.15.

Prior to use as a reactant in the synthesis of I, TI, ITI, and XV,
this material was dried at 100° (2 mm) for 3 hr.

7-Chloro-4-hydroxy-6-methoxycoumaran-3-one (X).—To a

refluxing mixture of 27.8 g (0.110 mole) of iodine in 80 ml of
anhydrous ether and 100 ml of anhydrous benzene, 5.6 g (0.230
g-atom) of magnesium turnings was added gradually. The
reaction mixture was refluxed for 4 hr and was allowed to stand
overnight at room temperature. The clear solution obtained by
decantation from this reaction mixture was added slowly to 27.8
g (0.122 mole) of 7-chloro-4,6-dimethoxycoumaran-3-one!s!®
(IX) in 2 1. of refluxing anhydrous benzene. After refluxing for
24 hr, the solvent was removed by distillation under reduced
pressure. The residue was treated with 300 ml of 3 N HCI
and the resulting yellow solid was treated with 150 ml of boiling
chloroform. Upon cooling, the resulting solid was filtered off
and suspended in 200 ml of boiling dioxane; to this mixture
300 ml of 3 N HC], and subsequently, 200 ml of water were
added. The yellow solid so obtained crystallized in the form of
vellow needles (12.2 g, 46.69) from 88, dioxane-water; re-
crystallized from 859, dioxane-water, it melted at 241.5-242.7°
dec; AESF 210 mu (e 20,200), 235 (18,200), 283 (21,600), 325
(4200); AEQCH=2% HCl 910 my (e 20,000), 236 (17,800), 284 (20,200),
325 (4200); AV MC" 219 mu (e 17,600), 240 (17,000), 284
(17,600), 355 (6200); ASECS 5,90 u (C==0).

(18) H. L. Goering, S. J. Cristol, and K. Dittmer, J. Am. Chem. Soc., 70,
3314 (1948).

(17) B. Boothroyd, E. J. Napier, and G. A. S8omerfield, Biockem. J., 80,
34 (1961).

(18) G. Stork and M. Tomasz, J. Am. Chem. Soc., 86, 471 (1964).

(19) J. MacMillan, T. P. C. Mulholland, A. W. Dawkins, and G. Ward,
J. Chem. Soc., 429 (1954).
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Anal. Caled for CoH:ClO,:
OCH;, 16.02.
15.02.

3-Chloro-2-hydroxy-4,6-dimethoxybenzoic Acid (XIV).—To «
solution of 2 g (8.75 mmoles) of 7-chloro-4,6-dimethoxycoumaran-
3-one (IX) in 700 ml of anhydrous acetone, 8 g of powdered
KMnO; was added. The mixture was stirred at room tempera-
ture for 24 hr, and the resulting brown solid obtained by filtration
was washed with acetone, dried at 120° for 15 min, and ground
with 40 ml of 10¢¢ \H4()H solution.  The filtrate and washing
were combined and added to 100 g of crushed ice, and this mixture
was carefully acidified with concentrated HoSQ5,  The gelatinous-
tvpe precipitate was filtered off, dried, and recrystallized from
elh\l.{(etale The resulting tan needles (0,51 g) melted at 222.0+
223.0° dec in accordance with the literature.”

7-Chloro-4-ethoxy-6-methoxycoumaran-3-one (XV).—To
mixture of 30 g of anhydrous KoCOy and 4.20 g (0.020 mole) of
7-chloro-4-hydroxy-6-methoxyeoumaran-3-one (X) in 120 ml ot
dimethylformamide, a solution of ethyl bromide (3.27 g, 0.030
mole) in 40 ml of dimethylformamide was added. The reaction
mixture was slowly heated to 65° and maintained at this temperu-
ture for 5 hr. Tt wuas then added to 800 ml of ice water, and
the resulting red precipitute was washed with water. Recrystal-
lization from aqueous ethanol gave orange-red needles (3.1 g,
63.9¢; 10 after recrvstallization from 957 ethanol, a melting
point ot 180.7-182.2° der was obtained: )\,E,,‘ff* 210 mu (e 18927
235 C18,200), 286 (19,656, ¢ IB 588 w1 (a0,

Anal, Caled for CoHaClOg ) H, 4.57: L 14.61,
Tound: ¢, 54.558; H, 4.5%: O, 14.70.

7-Chloro-4-ethoxy-6,2’-dimethoxy-6’-methylgris-2’-ene-3,4"-
dione {XVI) was prepared from 10.16 g (0.030 mole) of 7-chloro-
4-hydroxy-6,2’-dimethoxy-6"-methylgris-2’-ene-3,4'~dione (V) ac-
cording to the procedure used iu the svnthesis of XV, The white
solid product (101 g, 91.77 ) wer 1i/ed fl(xm l)en/ene -ether
in white needles: mp 213.0-213. i 1.523,
acelone): Ao 218 mpu (e 23,100), 235 \22,920,, 291 - )b 5497,
32N (A685 ) ASHTE 585 (C==03, 6.02 u (COC=C): L.t mp
2112138,

H, 3.29; Cl, 16.52:
a6 Cl 16.30: OCH,,

C, 50.: oz
Found: C, 50.32; H,

,lain 3240,

3-Chloro-6-ethoxy-2-hydroxy-4-methoxybenzoic Acid (XVII).
A. From the Oxidation of 7-Chloro-4-ethoxy-6-methoxycou-
maran-3-one (XV).—Compound XV (2.0 g, 8.24 mmoles) was
oxidized by the procedure described for oxidation of IN. The
product (0.47 g), recrystallized from ethyl acetate, melted at
210.0-211.7° dect NIT 315 cOIL, 397 thonded OHY, 592 w
(s O,

Anal, Caled for CipHnClOs: O, 45707 H, 4.50:
Found: €, 48.62; H, 4£.535; Cl, 14.29.

B. From the Oxidation of 7-Chloro-4-ethoxy-6,2’-dimethoxy-
6’-methylgris-2’-ene-3, 4’-dione (XVI).—A solution of 80 g
(0. ().’.’ mo le) of XVI in 1.8 1 of anhydrous acetone was treated
with 32 g of powdered KMnOy by the procedure described for the
oxidation of XV, The acid obtained from this reaction melted at
204.7-206.7° dec after recrystallization from ethyl acetate;
mixture melting point with the acid obtained in part A above was
207.7-200.0° dee.  The infrared =pectrum (in KBr) was super-
imposable on that of the acid obtained in part A.

3.Chloro-6-ethoxy-2-hydroxy-4-methoxybenzanilide (XVIII)
was prepared in the customary manner from 0.40 g of 3-chloro-6-
ethoxy-2-hydroxy-4-methoxybenzoic acid (XVIIT) and 1 ml of
aniline.  Recrystallization from benzene yvielded 0.092 g of silky
white needles, mp 210.0-210,5°, AN 3,03 (NH, OIT) and 6.08
INCe=()),

Anal.  Caled for CisHoCINO,: €, 59.73; 1, 5.01: Cl, 11.02:
N, 4.35. Found: C,3u.6%: H, 5.30; C],11.08; N, 4.53.

7-Chloro-6,2’-dimethoxy-4-( p-methoxybenzyloxy )-6’-methyl-
gris-2’-ene-3,4’-dione (I).—A benzene solution of freshly
prepared and vacuum dried (at 23°) crude p-methoxybenzyl
bromide (XI, prepared from 3.45 g (0.025 mole) of anisyl alcohol)
wax added slowly to a stirred mixture of 6.77 g (0.020 mole) of
anhydrous  7-chloro-4-hydroxy-6,2-dimethoxy-6’-methylgris-2'-
ene-3.4'-dione (V), 25 g of anhyvdrous KyCO;, and 200 ml of
anhydrous acetone.  After the reaction mixture was refluxed for
16 hir, the solid separated by filtration was washed with two 40-
mi portions of boiling acetone and the filtrate and washings were
combined and concentrated to drvness, The resulting solid
product (8.5 g, Y2.577) was recrystallized from dioxane-absolute
ethanol; it melted at 201.6-202.2° dec; [a]*®p +246.32° (¢
1.224, dioxane): ACSY 231 mu (e 36,712), 202 (22,027). 335
(64253 AT 5 Q0 (O, 6.0 1 (COC==0),

Cl, 14,3,

Anal, Caled for CuuHaClO;:
Found: C, 62.69; H, 4.83. CL 8
7- Chloro 4 [3-(N N-dleth)lcarbamoyl)benzylox)J-b 2%-di-
methoxy-6’-methylgris-2’-ene-3,4’-dione (II) was prepared from
V339 g, 0.010 mole) and XTI (3.0 g, (L0111 mole’ by the pro-
cedure described for the ;\'111]19&%‘ of 1. The crude prodiet
47 g, )00, veervstallized from benzene, gave white ervetal-
line plutes: mp 191.0-192.0°; "a'™p =21541° (¢ 1012, qce-

tone); A 21 i Te 35,6410, 235 (20,509), 292 21,412
m 3808 Ai”j" 583 (C==0), 6.02 u ( COC==("1.
tnal, Culed for G, C l\() 63,690 HL 573 O nT2
N, 2,65, Found: C,63.61; H,5.51: CL6.61; Ny 251,

7-Chloro-6,2’-dimethoxy-4-(3,7-dimethyl-6-octenyl-1-0xy }-6"-
methylgris-2’-ene-3,4’-dione  (III) wasx prepared f{rom V
PO g, 0,020 mole s aed NTTT (4.6 ¢, 0.021 mole) by the procedun
<l(=><11 ed for the synthesis of T except that dimethyvliformamide
was emploved a~ the solvent wnd the reaction temperature wus
held at 25° for 1 hr and 70° for 4 b, The crude produet (7.5
g, SO0 ervstallized from SO0 methanol in the form of white
crvstalline plates: mp 136.5-137. F)c ’a‘"“l) 252,337 {0 4NN,
acetone s AT 218 myg e 24,3 32 3,135, 201 122,658
327 (50635 AT 582 ¢ Crmee)” —.——m.

Anal. (‘- led for .”,5( 10, 1 6,970 CL 745
Found: ¢, 65,42 H,8.91; ], 7.60.

7-(Thlor0 6-methoxy-4- (p-methoxybenzyloxy)coumaran-B-one
/VI\ wis prepared from X (2,15 g, 0.010 mole) and XTI (2 61 [

10T mole) by the procedure d(«(nhui for the =vnthesix of 111
lht =obid product <30 g, 926771 was recryvstallized from dioxane
giving the analvtieal .\‘:anl(" mp 1826~ lN’ 2° dec: AU g0
mp fe 26,4461, 255 (17,4081, 322 13021 ATPT86 my e
237608, 2N DN BT N3N0 AT 5T e (et

Anal. Caled for CpHCLOS €0 60090 T 8520 CLotos.
Found: €, 60.04; 1, 4.76; CL, 1005,

7-Chloro-4-[3-(N,N-diethylcarbamoyl)benzyloxy |-6-methoxy-
coumaran-3-one { VII) wus prepared from X (2,15 g, 0.010 mole)
and NIT (2,097 ¢, .011 mwoled by the procedure described for the
svuthesi= of [T, The product 12,9 g, TIN5 was recrystallized
from ethyl acetate giving eream-colored microcrystalline needles:
mp 141.0-143.0° dee: AZ0Y 208 tp e BTAATY, 235 126,252y,
286 (10,7901, 320 16566 13 A S ST =00, BN (NC=0) 1,
Anal. Caled for Oy HuCINO;: (‘. 62.45; I, 5.40: O ST
N, 347, Found: ( .1»_’.()‘.): I, 5460 CLY.00; N, 3,50,

7-Chloro-6-methoxy-4-(3,7- dimeth\l 6-0ctenyl 1-0xy jcouma-
ran-3-one {VIIl) wus prepared from X (2.15 g, 0.010 male;
and XITL 2,65 g, 0.012 mole) by the procedure described for tlie
svnthest= of THL The product 2.1 g, 39577 was recrvstallized
from methanol, vie 141'mf the analvtical ~ample: mp 75.2-76.0%
A f\‘” 200 my e ._{HH U235 CIN3490, 280 (18,1732, 520 40405
ANHOS S S5 w0

Anal. ('zllm] l'm' L lClOy: O 467 HL 7004 OL 10,05,
Found: Co64L67; 117050 ¢ 10.05,
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Phenethylbiguanide hydrochloride (1) is a clinically
effective drug for the control of selected cuses of di-
abetes.!  We have sought to develop for hypoglyeemic

i1y ). Pomeranze, H. Iuiji. and GV Muratoff. Frre. Soe Baoptl Biol,

Med., 95, 193 (1057).



