
:iue~oric, :~nd dried irk uucuo u i 7 ~ ” .  ‘rile apcctral tiut:t :ire sliowii 
in Table 11. The yield n-as 26 nip. of  yellow powder that. showed 
:i correct analysis for a hemihydrate. 

Anal. Calcd. for C ~ ~ H I ~ F S ; ~ ~ . U . ~ H ~ O :  CI, 4s.:”: H, 4.09; 
N, 20 93. 

Acknowledgment.-The authors are indebted to Llr. kV. , I .  
h r r e t t  and members of the hialytical Section of Southerii It(,- 
bearch Institute for tlie spectral arid micwaiialytical determiiiatioii 
report,ed heroin. 

Found: C, 49.16; H, 4.38; S, 20.71, 

The Synthesis of Some Benzimidazole and 
Oxygen Analogs of Ethyl Pteroylglutamate 

.i aeries of diethyl S-(2-beiizi1iiidazolyl1nethoxy)benzoyl- 
glutamates (Table I)  waa prepared according to Scheme I. 

ovcr plutiiiu1ii i l l  ( ~ ( l i : ~ ~ i i i l  solution. :lit.cr rvriioviiig i.lic (xt,:ilys(. 
lhe dihydrochloride w:ts precipitated by the :tdditioii of ~ ‘ ( J I i ~ x i l -  

tlated HC1 :ind ether. 
c.ther: yield 4,5c;, n1.p. >:360°. 

I t  vias recrystallizccl frorrl 111otl1:inol 

. tna / .  C’alrd. for C3H11C12K30: C’, 40.60; I I ,  ,$.;(I; A ,  

2-Chlorobenzimidazoles.---The “-chloroinetliylli(~ii~iiliidu~(~l(,s 
\ v i w  prepared from the corresponding 2-h?drosyriiethJ-lt,en~~ mid- 
:~zciIes by heating with SOC12 in CHCIs solution. The :ddition 
of ether to tlie cwoled niisture cornpletrd the precipitation of t,hc 
~- rh loror r i r thy~l )e i iz i i i i id~~~) le  hydrochlorides. In sonip r u s ~ s  
:t pure prirduct, resulted and recrystaliizntiori w:ts not necess:rry. 

thcl hj-drochlorides were recq-stnllized froni ctiiyi 
:llcl~lll~l. 

Condensation of 2-Chloromethplbenzimidazoles with Diethyl 
p-Hydroxybenzoylglutamate. General Method.--Sodium ( 2  
equiv. 1 n-as dissolved in thy etticrnol. 1)iethyI p-liydrosyl~rri- 
zoylgluttirn:ite2 ( 1  eqiiiv.) in ethanol was added and then  1 ccluiv. 
of solid 2-chlr~r1,irietliylbenzimitlazole hydrochloride WRS slow1>. 
:icldetl n i t t i  stirriiig. The mixture \viis stirred for 2 hr. :ii roo111 

teiiipetxtiirt. : h i i d  ( l i e n  reflused for I 4 1ir. Quaiititutivc. yitlils 
111 NaCI were olit:iiiied by rooling 1 lit, rcuction inist,ure. T i l  

.soiiie c.:tses tlir :itldition of water to tlrc filtrate gave :in oil nliic,ic 
solidifirri 011 cooling. ‘The products were rec*rgstallized f l o r ~ ~  

-1 more general procediire T ~ S  t o  
‘I’hc oil was then treated wil l i  

This iviis then repeatfed !vi1 11 

17,s~). I”(JLii1d: (,‘,40.70; 1.1,4.69; s, 17.77, 

,eta1 e. 
e t o  iiii  oil. 

ethanol aiid again evuporctted. 

Yield, 
h 0. 11 It’ It” It”’ 5% 

XXII H €1 H H 13 
XXIII OCH:, H H OCHj 11 
XXIV H OCHs OCHI H 11 
XXV H H 0CH3 H 27 
XXVI H H CHs H 20 
XXVII H CH, CHI H 11 
XXS’III H H NH2 H !J 
Recrystallized from benzene. Req-btallized fro] 

S C m X E  1 

H H 

dry benzene. Ysiially this azeotropic removal of volatilo irii- 
purities caused the oil to solidify. 2-Chloromet,hyl-5( 6)-amino- 
benzimidazole was used as its dihydrochloride. In  this c:iw 
3 equiv. of sodium was used. The reflux time TV&Y shortened in 
1 hose cases where the reaction mixture darkened too rapidly. 
Actually the reactions proceed at  r ~ o m  temperature and go i o  
completion if given eiiough t,ime. The yields of the condensatiori 
prodiicts were low. It is well knuwii that, 2-cliloromethylberiziinid- 
:izoles undergo self-condensation to form condens:ttion polymer.<. 
M’e believe that tliis is the cause of the poor yields of desirecl 

O N / L - C H & H  
N 

products. 

CUUCIH;, 

r v a u e  - CONHLCH2CH2CUUC2H, 

-\ryelographic Agents. I. Iodobenzoates 
Exoerimental 

All melting points were determined with a Thomas-Hoover 
melting point apparatus. 
2-Hydroxymethylbenzimidazoles were prepared froin the cor- 

responding o-phenylenediamines and glycolic acid by the pro- 
cedure described by Phillips.1 Two of these are new compounds. 
2-Hydroxymethyl-4-amino-6-nitrobenzimidazole was isolated 

in 63%, yield, m.p. 256-257’ dec. 
Anal. Calcd. for C8II83403: C, 46.15; H, 3.87; N, 26.02. 

Found: C, 46.33; II,3.96; N, 26.92. 
2-Hydroxymethyl-B( 6)-aminobenzimidazole Dihydrochloride. 

- -P-Hydroxymethyl-5( 6)-nitrobenzimidazole was hydrogenated 

(1) 11. A. Phillips, J .  Chern. Soc., 2393 (1928). 

J. E. Sroc:iss, J. I i .  A C ~ I ; E R M . ~ S ~  ;tiid -1. &I. I,.ias~:s 

Stei.ling-ll’intii,‘olJ Rescurch Institute, IZenmeluer, .I-eco l-orl; 

-4s part of o ~ i r  search for iniproved X-ray coiitrast agents \vc 
have synthesized a series of iodinated esters (Table I). These 
esters are oils or low-melting solids containing aromatic iodine 
aiid consequently are stiitable for myelography.’ In liquid form 
the esters have been injerted cisternally into cat.q arid dogs arid 
1i:tve been found to permit vimalization of details of the spinal 

(1) Tor a re \ iea .  see J. 0. Hoplie in “lledicinal Chemistrl;,” Vol. 6 ,  J o h n  
\Vile?. arid Sons, Inc.. Sew York. X-. Y.. 1963, p. 290. 
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TABLE I 
IODOBEKZOATES 

COO (CHz),COOR 

Q I 
No 

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2,5 
26 
27 
28 
29 
30 

I 
posi- 
tion m 

P I  
P 1  
P a  
0 2  
0 2  
0 2  
m 2  
mb 2 
P 2  
P 2  
P 2  
P 2  
P 2  
P 3  
P 3  
P 3  
0 3  
m 3  
m 3  
mb 3 
P 3  
P 3  
P 3  
P 3  
P 3  
P 3  
P 3  
P 3  
P 4  
P 5  

R 

C2Hs 
n-CdH g 

n-C3HI 
CH3 
C2Hs 
n-C3H7 
n-CaH7 
n-C3H7 

n-C3H7 
n-C4Hg 
C2HsOCH2CH2 
CH3CH( OCHa)CHgCH2 
CHI 
C2H5 
n-C3H7 
n-C4Hg 
n-C3H? 
n-C4H9 
n-C4Hg 
n-C4Hs 
CHz=CHCH2 
CH3CH( CHs)CH,CH2 

CHaOCHzCH2 
C ~ H ~ O C H I C H ~  

C 

n-CaHgOCH&Hz 

n-C4Hg 
n-CsH7 

CHaSCHiCHz 

B.P. (mm.) 
or 

m.p., OC. 

55.4-56.4 
126(0.007) 
95 (0.007) 

122 (0.03) 
124 (0.04) 
129 (0.04) 
143(0.01) 
113(0.007) 
123(0.02) 
137 (0.08) 
144 (0.03) 
144(0.02) 

127 (0.02) 

145 (0.04) 
124 (0.01 ) 
142(0.03) 

143 (0.03) 
137 (0.02) 
150 (0.03) 
148(0.01) 
144 (0.009) 
143 (0,009) 
160 (0.01)  
172(0.03) 
156 (0.01) 
169 (0.05) 

38.6-39.4 

43.6-45.8 

38.8-42.0 

46.2-46.8 

y - - C a l c d . ,  %----- 
C H  I 

39.54 3.32 37.99 
43.11 4.17 35.04 
43.11 4.17 35.04 
39.54 3.32 37.99 
41.40 3.76 36.46 
43.11 4.17 35.04 
43.11 4.17 35.04 
42.87 4.37 32.36 
41.40 3.76 36.46 
43.11 4.17 35.04 
44.69 4.56 33.74 
42.87 4.37 32.36 
44.35 4.71 31.24 
41.40 3.76 36.46 
43.11 4.17 35.04 
44.69 4.56 33.74 
46.17 4.91 32.52 
44.69 4.56 33.74 
46.17 4.91 32.52 
45.73 5.04 30.20 
46.17 4.91 32.52 
44.94 4.04 33.92 
47.53 5.24 31.40 
45.95 4.58 30.35 
42.87 4.37 32.36 
44.35 4 .71  31.24 
47.01 5.34 29.23 
41.18 4.20 31.08 
47.53 5.24 31.40 
47.53 5.24 31.40 

------Found. 
C H  

39.63 3.35 
43.38 4.20 
43.13 4.09 
39.49 3.30 
41.34 3 .73  
43.06 4.15 
43.25 4.05 
43.08 4.19 
41.29 3.52 
43.14 4.17 
44.78 4.51 
43.17 4.20 
44.58 4.58 
41.52 3.63 
43.40 4.06 
44.49 4.47 
45.92 4.83 
44.44 4.39 
46.41 4.94 
45.56 5.26 
45.90 4.77 
45.17 4.21 
47.68 5.08 
45.87 4.44 
42.69 4.24 
44.07 4.46 
47.17 5.58 
40.91 3.90 
47.51 4.94 
47.60 5.28 

%-- 
i 

37.61 
34.45 
35.33 
37.22 
36.58 
34.64 
35.00 
33.00 
36,56 
34.27 
34.43 
31.98 
30.94 
36.70 
34.77 
34.50 
32.86 
34.06 
32,79 
30.13 
33.11 
34.42 
31.72 
30,29 
32.52 
31.51 
29.36 
31.49 
32.09 
31.72 

T L ~ D  

1.5520 
1.5468 

1.5556 
1.5478 
1 ,5443 
1 5575 
1.5582 
1.5512 
1.5452 
1.5461 
1.5402 

1.5547 
1.5475 
I. 5401 
1.5430 
1.5389 

1.5427 
1.5597 
1.5379 
1.5591 
1.5509 
1 5450 
1.5338 
1.5758 
1.5387 
1.5386 

a (CH2), = -CH(CH,)-. b There is a 4-OCH3 group. c Tetrahydrofurfuryl. 

a 

X n B.P.,  OC. (mm.) 

Br n-Bu 133 (25) 
Br CH3CH( CH3)CHaCH2 127 (14) 
c1 CH3(CH2)30CH&Ht 166 (27) 
c1 CHaSCH2CH2 155 (27) 
Anal. Calcd.: S, 16.30. Found: S, 16.51. 

TABLE I1 
SOME HALOBUTYRATEB 

X( CH2)$2OOR 

Formula C H C H n% 
----Calcd., %- --Found, 70- 

CJLBrOz 43.07 6.78 43.27 6.51 1.4539 
CJLBr02 45.57 7.22 45.45 7.17 1.4552 
CioHi~C103 53.93 8.60 53.92 8 .70  1.4411 
CiHi3C102S' 42.74 6.66 43.02 6.58 1.4858 

cord structure and to be eliminated from the animals in periods 
ranging from a few weeks to a few months. 

The method of synthesis involved reaction of either a sodiiim 
iodobenzoate (method A) or an iodobenzoyl chloride (method B)  
with a suitably substituted aliphatic carboxylic ester. Method 
A was used for the acetates, butyrates, valerates, and hexanoates. 
Method B was used for the propionates where the use of method 
A led to extensive tar formation. 

Experimental2 
Iodobenzoyl Chlorides and Sodium 1odobenzoates.-Litera- 

ture directions were used for the preparation of 0 - , 3  m,4 and p- 
iodobenzoyl chloride.s The sodium iodobenzoates are known 
compounds and were prepared from commercially available 

(2) Melting points were taken in a modified Hershherg apparatus and are 

(3) L. C. Raiford and H. P. Lankelma, J. Am. Chem. Soc. ,  47, 1121 (1925). 
(4) J. B. Cohen and H. S. Raper, J .  Chem. SOC., 86, 1273 (1904). 
( 5 )  H. Meyer, Monateh. Chem., 22, 780 (1901). 

corrected. 

iodobenzoic acids by treatment with aqueous NaOH and removal 
of the water under reduced pressure. 3-Iodo-4-methoxybenzoyl 
chloride was prepared as described previously.6 

Esters of Hydracrylic Acid.-Four of the esters of hydracylic 
acid used in the present work have been described by Gresham, 
e t  aE.7: methyl hydracrylate, ethyl hydracrylate, n-propyl 
hydracrylate, and n-butyl hydracrylate. Gresham's procedure 
was used to prepare 2-ethoxyethyl hydracrylate, b.p. 66-67' 
(0.05 mm.), nZ5o 1.4348, and 3-methoxybutyl hydracrylate, b.p. 
78-80" (0.05 mm.), n% 1.4361, from P-propiolactone and the 
alcohol. The last two compounds were used as intermediates 
without further characterization. 

Ha1obutyrates.-Some of these esters are shown in Table 11. 
The chlorobutyrates of Table I1 were obtained from 4-chloro- 
butyric acid (Aldrich Chemical Co.) and the alcohol in the 
presence of p-toluenesulfonic acid monohydrate. Allyl 4-chloro- 

(6) S. Archer, U. S. Patent 2,572,828 (1951). 
(7) T. L. Greaham, J. E. Jansen, F. W. Shaver. J. T. Gregory, and W. L. 

Beears, J. Am. Chem. SOC., 70, 1005 (1948). 
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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.), nZ5u 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 

't:rt> 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 Cheniiwl 
( ' 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 l i r ~ ~ i e .  7'he cwinhined oil and h e x m e  extracts were 
w:tshed sric,cwsively wi th  cdd  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 WE 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 t1istill: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 


