
. I r r c r l  C a l d  for CCH120&. C', 22 .22 .  H, XZ3, d, 29 65. 
Found C, 22.30: H, 3.80; S, 29.70. 
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Synthesis of Grisan and Coumaran-3-one 
Derivatives with Potential 

Insect-Repellent Properties' 

111 developing btructurul deiigiis for conipountl- 
\vhic.h would prove effective a- sy+temically admiii- 
iztwed in-ect repellent-, we -ought to  (,omhilie withiii 
:I nir ig lc  iriolecule ( I )  :I compoiiciit l<rion.ii to  have 
affiiiit y for deriiial tir-ue with ( 2 )  c~omponeiit posse';-- 
iiig certain iiiirc~t-reI)ellent (or prophylactic or them- 
Iwutic) Ixopertiek. It1 the initial pha-e of our explora- 
tory worl;, we have iyiithe,izrtl a Yeriei of' coriIpouiid~ 
(1-111 and T71-VIII) conihiiiiiig irito oiie iiiolecular 
ciitity u moiety (IT') Liio\vii t o  l i ~  trnri-ported to  : I I I ~  

foutitl i i t  e1)idermal t i-ue 111 Ggiiificaitt quantitie.? 
[or :i caomponeiit (IX) of the latter], with moietie. 
:twcrtaind to have iiiohciuito-rei)ellent I)roperties 
(:tiii-yl : L ~ c o ~ o I . ~ ~  S,S-dietli~I-i,c-tol~iai~iit~e,3" arid citro- 
I l f 4 l O l ~ r ) .  

?R 0 OCH, ?R 0 

C-EiiO 0 
OH 0 I I '  

\'; 1: = H X: 11 = H 

Chemistry.---The subject compounds could be viewed, 
basically, as coriderisatioii producte of d-demethyl- 
griseofulviii4 (I-) and of the corresponding coumaran-3- 
o i i t '  (X) with aiiisyl alcohol. S , S - t l i e t h y l - n ~ ~ - t o l u : ~ ~ i i i ~ ~ ,  
ai id citronellol. 

C'ompounds I, 11, and 111 were actually obtained 
by treating T- with ariisyl broaiidej (XI), 3-(9,S- 
diet hylcarbamoyl) benzyl bromide ( X I )  arid ctitro- 

(1  j T h i x  investigation u a i  siippurted Iiy Research Contract Xo, DA-4Y- 
19:3-31D-2636 from the  U. S. Army AIetiicaI Research and Development 
Command, \Vasliingtun. D.  ('. 
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Hepel1t~nt.i a t  Orlando. I;ia.," .irsiculture Handbook No. 69. Entomology 
Research Hranch, .-\gr;cultiual Research Service, U. S.  Department of .igri- 
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(.ij \V. (1. I3eard, Jr . ,  and ('. R .  Haii-er. ./. (I,.y. ChPrn.. 26, 334 11960). 
So,,., 1260 (196'2). 
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CI 
xv j 

(i-hydroxy-4-methoxycouiiiwrllri-:3-one, oxidat.ive degrx- 
dation of its ethyl ether derivative would h:ive affordcd 
the known 3-chloro-4-et hoxy-2-hydroxy-G-met IiosyhcJi I- 
zoic acid,l" mp 179-181" dec. 
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TABLE I 

AND SELECTED REFERENCE COMPOUNDS 
ULTRAVlOLET ABSORPTION CHARACTERISTICS OF ~-CHLORO-4-HYDROXY-6-METHOXYCOU~ARAX-3-O~E (X) 

Ref compda 

R2 Jyk 0 
K-band-- ________ 

I n  95% EtOH I n  9.5% EtOH with 2% HCI In  aqueous 0.1 .V S a O H  
Found5 Refa Found5 Refa Foundh 

I 
~ r n a x ,  Xmax, h a x v  his.; h a t .  

XIX, Ri = OH; Rz = OCH3; RI H 4 .33  283 4.31 280 4.31 284 4.35 285 4.25 284 
log c mp log e mp log m r  log e mp log e mp R3 

XX, R 1  = OCH,; Rz = OH;  R3 = H . . .  . . . 4 .35  284 . . . . . . 4.53 318 . . . . . .  
Summarized from a paper by Duncanson, et  ~ 1 . 1 0  * 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 Duncansonio 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 I<-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 occur 
at  considerably longer wavelengths and with signifi- 
cantly greater intensity in ionizing media.'O 

Compounds VI, VII, and VI11 were prepared by the 
interaction of X with XI, XII, and XI11 in diniethyl- 
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 A h .  H. K. Gouck of 
the Entomology Research Division, U. S. Department 
of hgriculture a t  Gainesville, Fla., by their standardized 
test.'* Preliminary tests have shown that the six 
compounds evaluated possessed no repellent activity 
against iledes aegypti mosquitoes. 

Experimental Se~tionl3~14 

3-(N,N-Diethylcarbamoyl)benzyl Bromide (XII).-To an ice- 
cold solution of 61.4 g (0.221 mole) of 3-bromomethylbenzoyl 
bromide1E (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.  Ckem. Soc., 79,  595 (1950). 
(12) Communication from the Entomology Research Division, I?. S. De- 

partment of Agriculture. Beltsville, Md.  (Gainesville. Fla.) : cf. 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. S. 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 Swissco 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 t o  determine optical rotations. 
Analyses were performed by Drs. G. Weiler and F. B. Strauss, Oxford, 
England. 

(15) W. Davies and W. H .  Perkin, J r . ,  J .  Chem. Soc.,  111, 2202 (1922). 

drying a t  100' (0.5 mm) for 3 hr, since i t  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.I6 Phos- 
phorus tribromide (24.5 g, 0.090 mole) was added slowly to a cold 
solution of citronellol (31.2 g, 0.200 mole) ( [a ]Z6~  +1.208l0 
(neat, 1. = 1 dm), dg6 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, 5% NaHC03, and saturated KaC1 solution. After 
drying (Na?SO*), the ether was removed by distillation, and 
fractionation through a 22.5-cm T'igreux column yielded a color- 
less liquid (31.8 g, 72.6%), bp 104-108' (5-6 mm), n Z 5 ~  1.4764, 
[LY]*~D -2.9182' (neat, 1. = 1 dm), dz6 1.0946, lit.6 bp 111' (12 
mm), n Z o ~  1.4756, [ a l Z o D  -6.93", dgo 1.1105. 

7-Chloro-4-hydroxy-6,2'-dimethoxy-6'-methyl~is-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 a t  113.8-115.0" (fusion) in accordance with the 
observation of Boothroyd, et al.I7 While Arkley and co-worker34 
reported the melting point as 140-143", their value for the specific 
rotation was in agreement with our findingq, [ a I z 6 ~  +322.4" 
(c  1.250, acetone). 

Anal. Calcd for C16H15C106.H~0: C, 53.87; H, 4.80; C1, 
9.94. 

Prior to uhe as a reactant in the synthesis of I, 11,111, and X1.1, 
this material was dried a t  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 a t  room temperature. The clear solution obtained by 
decantation from this reaction mixture was added slowly to 27.8 
g (0.122 mole) of 7-~hloro-4,6-dimethoxycoumaran-3-one'8~~ 
(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 S HC1 
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 thi, mixture 
300 ml of 3 '1- HCl, and subsequently, 200 ml of water were 
added. The yellow solid so obtained crystallized in the form of 
yellow needles (12.2 g, 46.6%) from 8 8 5  dioxane-water; re- 
crystallized from 857, dioxane-water, it melted a t  241.5-242.7' 
dec; A::" 210 mp ( e  20,200), 235 (18,2001, 283 (21,600), 325 
(4200); A:?-*' HC1210 mp ( e  20,000), 236 (17,8001, 284 (20,200), 
325 (4200); A",~"'o" 219 mp ( e  17,6001, 240 (17,000), 284 
(17,6001, 355 (6200); 

Found. C, 53.78; H, 4.78; C1, 10.15. 

5.90 p (C=O). 
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