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dropwisc, to ti stirred solution of isopropyln~agncsiiini chlo- 
ride which had been prepared from 48.6 g. (2.0 g.-atoms) of 
magnesium, 157.1 g. of isopropyl chloride, 750 ml. of ether, 
and 4 ml. of ethyl bromidc. The mixture was stirrcd and 
refluxed for 20 hr. 

Iodine (126.9 g., 0.5 mole), dissolved in 1000 ml. of ether, 
was added, dropwise, to the stirred mixture. After the ma- 
terial had been stirred for 140 hr., it was poured into a mix- 
ture of 167 ml. of concd. hydrochloric.acid, ice, and 1000 
ml. of water and then stirred for an hour. The layers were 
separated, the aqueous layer was extracted with benzene, 
and the solvents were removed from the combined organic 
solutions in a stream of air. The crystalline material was 
filtered and exposed to air for several days to remove traces 
of iodine. The product, after recrystallization from acctic 
acid, weighed 75.0 g. (55%) ; m.p. 239-24OO.s 

Anal. Calcd. for c~&,0,: c, 71.10; HI 5.22; neut. equiv., 
135.1. Found: C, 71.12; HI 5.52; ncut. equiv., 135.8. 
N,N,N',N'-Tetramethyl-u,u'-diphenykruccindiamide. N,N- 

Dimethylphenylacetamide' (32.6 g.), dissolved in 250 ml. of 
ether, waa added, dropwise, to a stirred solution of isopro- 
pylmagnesium chloride prepared from 4.8 g. of magneeium, 
16.5 g. of isopropyl chloride, 500 ml. of ether, and 4 ml. of 
ethyl bromide. Iodine (25.4 g.), dissolved in 250 ml. of ether, 
was added, dropwise, to the stirred mixture followed by the 
addition of 500 ml. of benzene. The material was stirred 
and refluxed for 3 hr. and then stirred for 20 hr. a t  room 
temperature. After the addition of a mixture of 16 ml. of 
concd. hydrochloric acid and 500 ml. of ice water, the layers 
were separated, and the solvents were removed from the or- 
ganic layer in a stream of air. The brown residue became 
crystalline after trituration with acetone. The product, after 
recrystallization from ether, weighed 7.9 g. (24%); m.p. 

Anal. Calcd. for C,oHuOtNs: C, 74.04; HI 2.46; N, 8.64. 
Found: C, 74.02; H, 7.30; N, 8.46. 

N,N-Dibenzylphenylucelamide. Dibenzylamine (197.3 g.) 
was dissolved in 1 1. of ether, the solution was stirred and 
58.8 g. of phenylacetyl chloride& was added, dropwise. After 
the mixture had been stirred for 4 hr., the precipitated di- 
benzylamine hydrochloride waa filtered. Removal of the 
solvent'from the filtrate yielded 83.2 g. (69%) of product; 
m.p. 64-65' after recrystallization from ether. 

A d .  Calcd. for C*2HIION: C, 83.77; H, 6.71. Found: 
C, 83.78; H, 6.66. 

N, N,N',N'-Tutrabenzyl-u,u'-dipha?/lsuccindiami~. This 
compound was obtained in 15% yield from NJdibenzyl- 
phenylacetamide by the process described above; m.p. 172- 
173' after recrystnllkation from ether. 

A n d .  Calcd. for C,,H400rN~: C, 84.04; H, 6.41. Found: 
C, 83.90; H, 6.19. 
B,S-Diphen~l-1,4-butnediol. Lithium aluminurn hydride 

(5.9 9.) was suspended in 750 ml. of ether, stirred ana a sus- 
pension of 21.6 g. of meso-a,ol'-diphenylsuccinic acid in 
750 ml. of ether was added slowly. The mixture was stirred 
for 24 hr., cooled, stirred, and 12 ml. of water was added, 
dropwise. After filtration, the solvent v; 3 removed from 
the filtrate and the residue was recr,. ,Ailzed from benzene; 
yield 10.8 g. (55%) ; m.p. 143-144'. 

Anal. Calcd. for CISHI~O~:  C, 79.31; HI 7.49. Found: C, 
79.27; H, 7.54. 

Isolation of 9,4-dzphenyltetrahydrojuran f r o m  the attempted 
preparation of 6,6'-diphenyl-8-brom~thyl-l,5-diozolane. A 
mixture of 9.7 g. (0.04 mole) of 2,3-diphenyl-l,Pbutanediol, 
7.9 g. (0.04 mole) of bromoacetal, 1 ml. of concd. hydrochloric 
acid and 1 ml. of concd. sulfuric acid was placed in a Claisen 
flask and heated in an oil bath. As the bath temperature was 

(2) I. M. Pnnaiotov, Conipt. rend. acad. bulgare xi., 9, No. 

(3) 1. A. Smith [Rer., 71, 641 (1938)], m.p. 242-243". 
(4) H. J. Tnvcrne, Rec. trav. chim., 16, 37 (18'37). 
(5) P. Truitt, D. Mark, L. M. Long, aiid J .  Jeaiies, J .  

193-194'. 

3, 25 (1056); Chem. Abstr., 52, 1074 (1058). 

Am.  Chem. SOC., 70, 4214 (1048). 

riiiscd slowlg from 05--150", an uiiidcntifictl liquid t l i h l i l l c t l .  
The residue was then distilled iirider reduced prcssurc; l i . ~ ) .  

142' (0.9 mm.). The distillate solidified rapidly and w s  rc- 
crystallized from ethanol; m.p. 86-88"; j-icld 3.5 g. (39';; ). 

Anal. Calcd. for CIbHI6O: C, 85.6s; €I, 7.10. Fourid: C, 
85.67; H, 7.07. 
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Of thc two suggested formulas for phthalocya- 
nine (CsHaN& (I) or (CJI&2)4H, (11) various lines 

w 
I 

of evidence have shown I1 to be the most probablc.' 
Nevertheless, thc analytical difference has been too 
small to  be resolved by conventional combustion 

,chniques, and a direct demonstration of Formula 
I1 is lacking. 

I n  developing syntheses of deuterio-phthalocya- 
nine we have obtained analyses which show that 

of the total hydrogens are easily replaced by 
deuterium under conditions such, that  coppcr 
phthalocyanine shows no exchange. This is takcn 
to  indicate that there are 18 hydrogen atoms pcr 
mole and that t w o  of tliem diffcr chemically from 
thc others in accord with formula 11. 

An infrared pcak a t  3208 em.-' has bccn rc- 
ported for phthalocyanine and attributcd to two 

(1) This work was performcd under the auspices of tllc 
U. S. Atomic Enwgy Cornmission. 

( 2 )  R. P. 1,inste:d :md A.  R. Lon.?, J .  Chem. Soc., 1934, 
1031; C. E. I h i t ,  R. 1'. Liiisteud, :md A. R. Lowe, J .  Chem. 
SOC., (1033). 
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T. I3LE I 
SUMM.4RY OF ANALYTICAI. REsuurs 

C N  

Calcd. for 
(CsHaNdrHz 74.69 21.78 

Found 74.74 21.82 
Calcd. for 

(CsH4Nz)a CU 67.18 10.45 
Found 67.23 19.51 
Found for (CsHIT\rTZ)( 

Cu treated with 
DzSO~ and DzO 67.20 19.48 

(CsHaNd4 Dz 74.40 21.69 
Calcd. for 

( CSHINZ),DZ obtained 
from 
(CsHaNz)& 

5th crystallization 74,40 21.70 
6th crystallization 74.43 21.66 

(CsHaNdrDz 
obtained from 
(G&Nz)Liz 

5th crystallization 74.42 21.63 
6th crystallization 74.44 21,68 

Coin- 
bus- 
tion Atom 

Cu Water D 

31.51 0.016 
31.44 0.016 

11.03 25.02 0.016 
11.02 24.96 0.016 

11.01 25.00 0.065 

31.78 11.11 

followed by dilution with deutcriiiiii oxidr :it O " ,  and rc- 
crystallized from deutcro sulfuric ncid-dcutcrium oxide to 
constant analysis. 

Sulfuric acid and deutero sulfuric acid were prepared b,v 
cautious addition of the stoichiometric amount of water, 
or deuterium oxide, to sulfur trioxide. All deuterium oxide 
used was contaminated with 0.13y0 protium. 

Infrared spectra were run on potassium bromido disks in a 
Beckman Model IR-7 at rcsolutions of 2 cm.-' or better. 

X-ray analyses indicated that' all phthalocyanine prepnra- 
tions were of the alpha crystalline m~dification.~~'  

Combustion analyses were performed in duplicate on cnch 
of two samples to minimize random errors. 

H lo D ratio was analyzed on a mass spectrometer. The 
gas used was obtained by reacting the water of conibustion 
with purified sodium. 
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31.74 11.10 
31.70 11.12 

(6) G. Susich, Anal. Cheni., 22, 426 (1050). 
(7) A. A. Ehret and H. B. Gottlieb, J .  Am.  Chem. Soc., 

74, 2806 (1952). 

31.80 11.10 
31.77 11.09 

pyrrole XH bonds.3 Since a band a t  this frequency 
has also been observed for copper phtha l~cyanine ,~  
it would appear unlikely that it is assignable to 
NH. If such an  NH bond were present one would 
expect to find an ND bond peak a t  2333 cm.-' in 
deuterio-phthalocyanine with concomitant disap- 
pearance of the 3298 cm.-' peak. We observed a 
weak band a t  3298 cm.-' in phthalocyanine, 
deuterio-phthalocyanine, and copper phthalocya- 
nine but failed to observe any peaks in the region 
1700 to 3200 cm.-' in the spectra of the deuterio- 
phthalocyanine, its spectra being identical to that 
of phthalocyanine over the range 830 to 4000 em.-' 

EXPERIMENTAL 

Dilithium phthalocyanine was prepared according to 
Barrettj6 and recrystallized from anhydrous acetonc-benzene 
to constant analysis. 

Phthalocyanine was prepared from dilithium phthalo- 
cyanine by solution in 100% sulfuric acid followed by dilu- 
tion with water,s a t  Oo, and recrystallized from sulfuric 
acid-water to constant analysis. 

Copper phthalocyanine W:LS prcpared from dilithium phthal- 
ocyaninc and anhydrous cripric chloride5 and recrystallized 
from sulfuric ncid-water, nt O " ,  to const:rnt analysis. 

De?Ltcrio-phthalocZlanine (method 1 ) was prepared from 
dilithium phthalocyaninc by solution in 100y6 deutcro 
sulfuric acid followed hy dilution with deuterium oxide at  
0" and recrystallized from deut(Srosu1furic acid-tlcutcriuin 
oxide to constant analysis. 

Deicterio-phthalocya.nine (method 2 )  was prcpircd from 
phthalocyanine hy solution in 1OOC.i dcutcro sulfuric acid 

(3) A. S.  Tcrrnin and .4. N. Sitlorov, Spcrlrochinz.  .lcla 

(4)  J. E. Tyler and's. A.  Elirhardt: ; lnct l .  C 'hm?. ,  25, :3\)0 
( 1958). 

(5) P. A. Barrctt, L). A .  E'ryc, :tnd It. 1'. I,inbttxd, J .  

S u p p l .  Int. Cong. Spect. 9,574 (1857). 

Chem. Soc., 1938, 1157. 
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Addition of two moles of chlorine to a conwn- 
trated aqueous solution of malononitrile a t  0' \vas 
reported' to  produce an oily product from which 
dichloromalonoiiitrile (b.p. 97'/754 mm.) and di- 
chlorocyanoacetamide (m.p. 91'; b.p. 150°/15 mm ) 
were isolated. It is obvious, although not stated t,y 
the authors, that  the aqueous malononitrile soluticin 
became quite acidic as soon as chlorine introductirn 
was begun and that  some dichloromalononitrile 
separated from the reaction mixture before it 
could react further with chlorine in the aqueous 
phase. 

The chlorination reported here differs from that 
cited above in t'hat, in the present investigxtioit, 
a dilute malononitrile solution was added to  hypo- 
chlorite a t  an initial pH of 7 and ambient ternpcrn- 
ture, with continual neutralization of acid formed 
in the reaction, and in the final molar mtio of 
chlorine to malorionitrile of 2.5. While 110 attciiipt 
was made to isolate volatile products, su(~h ns tho,<(! 
encountered by Ott and co-workers,' or t o  get :I 

quantitative measure of yield, dic~lilo~o~ic~ctaiiii(1~ 
was obtained in about 18Yc and dic~1iloi~oin:ilo~~- 
diamide in ahout 376 of the thcoi-etic,:il : i i i i o i i1 i (  ,s, 

Carbonate was also detected among thcx p i w I l 1 t . t  F 

of reaction. This note ( ~ i i i ( ' c ~ i ~ s  ityclf ivith (lx1)l:iiit- 
ing the origin of the compounds itleiitiiied, iii:t,.- 
much as the rapid hydrolysis of nitrile groups 1 0  
amide and t 1 i ~  i~cpl:t(~~iic~iit  of 0 1 1 ~  ainitlc f i i n c * t  io i t  


