
VOl. 8 

Iii i~yi,:%ti;, 11.p. 97" ( I 6  nitn.). 7 ~ ~ ~ u  1.4465, was obtained by the 
s:tni (~ procedure :md used without further characterization. 
'I'he procedure of Linstead and hleade* was used l o  prepare 
pI'opy1 4-bl.oniot)utyrate, b.p. 106" (13 mni.), n2% 1.4536, from 
;-l)tityrol:ictone and the alcohol in the presenre of HRr. This 
procedure also was used to prepare the bromobutyratee of Tablr 
I1 :iiid the following new 4-bromobutyrates: tetrahydrofurfurvl 
4-t)rcitnobut~r~ite, ti.p. 79' (0.04 nim.) ,  n% 1.4820; ?-metho 
vthyl 3-br1iriii)butyrate, h.p. 12<j-1;32' (12 mni.), 713% 1.46 
2-elhoxyetliyl 4-broniohutyr:rte, h.1). l:%-l:3So ( I2 niiii. 1, nZ511 

1 .4,5BX. 
Haloalkanoates.---I~tli~-l chloroat e aiid but>-1 vhloruac.etat(L 

Y:W distilled before use. Propyl rornopropionitt e was pre- 
ired :is previously reported.Q Butyl 5-hromovalerate. b.p. 
4' i 15 nun.)) n% 1.4565, was prepared from 5-bromowleru- 
trile (Aldricli Cheniicd (10. )  anti butanol in the presence of 

i~ii i i~en t ra ted H2W4 by the p rocdure  of ;Idanis and Thai.'" 
h J p y 1  ti-hroriii)hexanoate, i1.p. 143' ( 17 inin.). n %  1.4525, 
\\:is pi~ep:ireti frlim (i-hroniohexanoiiitrile (,lldricah Chemiwl 
( ' 1 1 . )  1)y the  procediire used for butyl 5-bronmvalerate. 

Method A. Butyl 4-(p-Iodobenzoyloxy)butyrate (21).--.I-)I- 
i i i i ' t  Iiylforni:iniide (400 nil.) which had been dried over silica gel 
W:IH pl:i(red in :I flask :tnd heated to llOo. With vigorous stirring 
4!i.,-i p. i0.1SX mole) of finely powdered sodiuni p-iodobenzoate 
w:tb :idded rapidlj-. In one portion 40.2 g. (0. IS0 mole )  of hutyl4- 
I)roiiiiibiityr~ile was added to the resulting suspension. Stirring 
:ti i t1 lientiiig :it 105---115' were continued for 24 hr.  The cooled 
iiiixture w:is poured into ice water and the aqueous layer was 
t i w : i i i t e d  fri ini  the yellow, oily prec*ipitate and  extracated several 
1,iines with lirwme. 7'he cwinhined oil and h e x m e  extracts were 
w:tshed sric,cwsively wi th  c d d  xiiter, cold 
HCl, I O '  ; NaHSO;, 2 (  SaHCO:3, water, 
At'tc~r iii,ying over Ilrierite and tre:iiment with decolorizing char- 
( . i i : i l ,  the solvent W E  removed : i t reduced pressure to give ci'2.1 p. 
i i f  yellow o i l .  1)iptillatiirn gave 50.:3 g. ( 7 1 c i )  of produci (21),  
1i.p. 140 -144" (0.04 IIIIII .) .  .%]I :iliqUIJt of the distil1:tte \v:is 
f i ~ v i  ionally distilled t o  furnish a11 :inalytical sample. 

Propyl 3-( pIodobenzoy1oxy)propionate (IO).--- :Z 
siiliitiim of l i4 .0  p. (0.652 mole) of p-iodobenzoyl chloride in 1 I .  
ill' 1)enxeiit. WNS prepared -4 solution of 86.9 g. (0.668 mole) 
I![ 1)ri)liyl 1iydr:tcrylare and N).5 nil. (0 .75  mole) of triethylamine 
iii 50 7111. i i f  henzeiie x a s  added dropaise over 10 niiri. to the 
st ir lrrl  solution. An exothermic reaction orcw-red and the  
reart ioii niixtiii~r grew vloudy. Refluxing with stirring \viis 
c ~ i i i i t i n u r t l  for 4ii  hr. -After (wiling, the white precipitate was 
filterecl (if1 : i i id  wwlied with :I little benzene. The cwmbined 
i)eiizc.iie solut ic~iis were extracted \\-it h (told water  :uid cold 5 
K4Y):( siilritioii until the acidified aqueous wash showed no whi 
i)rrc.ilii~utc,. Thr kieiizene soluticitl w:is further washed o n ~ e  
w i l h  c ~ c i l t i  2 ( (  HC1 :ind several times wi th  water, dried (SanS04). 

1)istillatinii gave 177 g.  
.Zii aliquot of 

111(1 i1istill:Lte wm fr:ic~tii)n:ill!~ tiistilled \ ( I  furnish :in niia1ytic:il 
s:iinplc,. 

Method B. 

i't: I O  give 207 g. of palr yellou- oil. 
of product (IO)? b.p, sTo ( 2  x to-5 n~ni.) .  

i 
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Rl 

Propyl 
Butyl 
Pentyl 
Hexyl 
Heptyl 
Benzyl 
Phenethyl 
Propyl 
Phenyl 

R2 
Acetyl 
A4cetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
iicetyl 
Tosyl 
Benzoyl 

TABLE I1 
DIETHYL AXD hIONOETHYL ALKYLPHOSPHONIC ACID ESTERS 

RzOCHRiP(0)(OR,)(OCzH5) 
-Carbon, %- -Hydrogen, %- Phosphorus, R 

R3 Yield. "To 
H 58 
Ethyl 75 
Ethyl 39 
Ethyl 71 
Ethyl 24 
Ethyl 27 
Ethyl 34 
Ethyl 39 
Ethyl 49 

Purification 

DMFa 
83-85 (0 .1 )  
97-lOO(O.3) 

124 (0.3) 
115-117(0.5) 
118-120 (0.3) 
144-148 (0.25) 
Toluenea 
Xylenea 

nf jD 

1.4406 
1 ,4267 
1,4290 
1.4346 
1.4365 
1.4891 
1.4830 
1,4929 
1.5377 

Falling-film molecular still. 6 Anal. Calcd.: S, 8.79. Found: 

chymotrypsin. 
extensions to reactions previously reported.' 

Table I1 describes intermediates used in their preparation. 

The synthetic routes to these compounds involve 

Table I reports physical constants on these compounds, and 

Experimental 

Diethyl a-hydroxyalkylphosphonates were prepared via the 
reaction of diethyl hydrogen phosphite with aldehydes according 
to the method of Kharasch.2 The crude reaction mixtures ob- 
tained could be acetylated directly; however, better yields of the 
acetates were obtained if the a-hydroxy compounds were distilled. 
In most preparations decomposition occurred when the usual 
distillations were carried out. Consequently for most distillations 
and particularly for the distillation of the higher members of the 
series, a falling-film niolecular st,ill was employed; such a still 
separated the desired products from a considerable quantity of 
high-boiling residues. 

Diethyl a-Acetoxyalky1phosphonates.-The a-hydroxy com- 
pounds were acetylated in the usual way with acetic anhy- 
dride.2 The diethgl a-acetoxyalkylphosphonates were stable to 
distillation once the higher boiling residues had been removed. 

Ethyl a-Acetoxyalkylphosphonoch1oridates.-The diethyl es- 
ters were chlorinated with PCls as previously described by Haf- 
ner, et al.1 Physical constants of the once distilled ethyl a- 
acetoxyalkylphosphonochloridates, ie., yields (%), index of 
refraction (n25v), and boiling points ["C. (mm.)], are as follows: 
butyl, 68, 1.441, 77-79 (0.05); pentyl, 72, 1.444, 88-90 (0.1); 
hexyl, 86, 1.445, 94-95 (0.03); heptyl, 81, 1.445, molecular still 
(benzene); octyl, 86, 1.445, molecular still (toluene); ethyl 2- 
chloroethylphosphonochloridate, 53, 1.468, 112-115 (20). 

Ethyl p-Nitrophenyl a-Acetoxyalky1phosphonates.-The ethyl 
a-acetoxyalkylphosphonochloridates were treated with p-nitro- 
phenol and triethylamine as previously described by Hafner, 
et al.' 

Diethyl a'( p-Toluenesulfony1)butylphosphonate.-Diethyl a- 
hydroxybutylphosphonate was treated with p-toluenesulfonyl 
chloride according to the procedure of MarveL3 The product did 
not crystallize and was, therefore, extracted from the HC1 phase 
with ether. The ether solution after drying (SazSOa) was fil- 
tered. The solvent was removed from the filtrate and the residue 
was distilled through a falling-film molecular still. 

Diethyl 1-naphthylmethyl-, 2-naphthylmethyl-, and t-chloro- 
eihylphosphonates were prepared from triethyl phosphite and 
the appropriate 1- or 2-naphthylmethyl chloride or 2-bromoethyl 
chloride via the usual llichaelis-Arbuzov reaction conditions. 

Monoethyl a-Acetoxybuty1phosphonate.-A solution of water 
(2.2 g., 0.124 mole) and triethylamine (12.6 g., 0.124 mole) was 
added dropwise to a stirred solution of ethyl a-acetoxybutylphos- 
phonochloridate (30.1 g., 0.124 mole) and 50 ml. of ether. An- 
other 50 ml. of ether was then added and the mixture was stirred 
1 hr. I t  was filtered and the residue was washed with dry ether. 

(1) E. L. Decker, T. R.  Fukuto, B. Doone, D. C. Canham, and E. Boger, 
Biochemistry ,  2, 7 2  (1963); B. H. Alexander. L. S. Hafner, 11. V. Garrison, 
and J. E. Brown, J .  Org. Chem.,  28, 3499 (1963); L. S. Hafner, AX, V.  Garri- 
son, J. E. Brown, and B. H. Alexander. ibid., SO, 677 (1965). 

(2) Xi. S. Kharasch, R. A. Mosher, and I. 6. Bengelsdorf, ibid., 26, lo00 

(3) C. S. Xlrtrvel and V. C. Sekera, "Organic Syntheses," Coll. Vol. 111, 
(1959). 

John Wiley and Sons, Inc., New York,  N. Y., 1955, p. 366. 

Calcd. Found ( 

42.8  42 .4  
49 .6  49 .3  
5 1 . 4  51.1  
53 .1  5 3 . 0  
5 4 . 5  5 4 . 2  
56.0 56.4 
5 7 . 3  57 .3  
49 .5  50.2 
62 .1  62.5 

2alcd. Found Calcd 

7 6  7 4  1 3 8  
8 7  8 9  1 1 6  
9 0  8 9  111  
9 2  9 7  1 0 5  
9 5 Y 6 10 1 
7 1  7 2  1 0 3  
7 4  8 3  9 9  
6 9  7 5  8 5  
6 1  6 1  8 9  

Found 

14 0 
11 2 
11 3 
10 3 

9 9  
10 3 

9 5  
8 5  
8 6  

After drying (Xa2SO4), filtering, and removing the solvent, the 
residue was distilled in a falling-film molecular 5till iising first 
benzene and then dimethylformamide as heating liquids. 

Acknowledgment.-The authors gratefully acknowledge the 
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3-Pheny1phthalimidines1 

PRICE TRCITT, LIRUA R E E ~ E S  ~ R 4 X I \ l h R ,  
A \ D  LINDA T R ~ I T T  CREAGH 

Ch<,trizcal Laboratories, S o r t h  Texas Stale C.niversity, 
Denton, Texas 

RecezLed December 21, 1964 

The recent report by Topliss and co-u-orkers2 of the antih>-per- 
tensive effects of certain 3-hydroxy-3-phenylphthalamidi1les 
prompted us to disclose our work with similar S-sribstitiited 
phthalimidines. 

The method of Sachs and Litdwig3 was iitilized for the prepara- 
tion of 3-hydroxy-3-phenyl-N-substituted phthalimidine (I). 
Other related phthalimidines (11) were prepared by the replace- 

OH R' 

I I1 

ment of the 3-hydroxy1 by chloride and subsequent displacemelit 
of the reactive halogen with nucleophilic reagents.4 

Most of the compounds prepared in this work were tested for 
antibacterial and antifungal activity and central nervous system 
effects, but none of the tests were promising.5 The compound? 
substituted a t  the 2-position with alkyl or alkylaminoalkyl groups 
were toxic in the range of 125-250 mg./kg. in mice while the 2-aryl 
compounds were not toxic a t  250 mg./kg. when administered nib- 
cutaneously in these test animals. Although the phthalimidinei 
which were substituted with nitrogen mustard and piperidino 
groups in the 3-position displayed slight antitumor effects, none 

(1) Supported by rt grant from the h-ational Institutes of Health (Cy- 
3908), a North Texas State University Faculty Grant,  and a grant from 
Parke, Davis and Co. 

(2) J. G. Topliss. L. M. Konzelman, N. Sperber. and F. E. Roth,  J .  
.Wed. Chem.,  7 ,  453 (1964). 

(3) F. Srtchs and A .  Ludwig, B e r . ,  97, 388 (1904). 
(4) 'w. von Graf, E. Girod, E. Bclimid, and \T. G. $toll. H e l r .  Chin[. 

( 5 )  These tests were arranged tlirough Ur. E. Elulayer of Parke, Ilal-is 
and Co. 

~ ~ t ~ ,  42,1085 (1959). 


