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One of the prominent tetrafunctional C-cores1 for the construction of dendritic macromole- 
cules is 6,6-bis(carboxy-2-oxabutyl)-4,8-dioxaundecane- 1, I 1 -dicarboxylic acid. Thus far, the most 
highly branched, aliphatic polyfunctional cascade polymers have been synthesized utilizing this 
simple tetraacid core, because alternative four-directional cores [e. g., adamantane-tetracarboxyiic 
acid2 and tetrakis(carboxyethyI)methane3], are available only by cumbersome multiple step proce- 
dures. The inexpensive reagents, pentaerythritol and acrylonitrile, have been to construct the 
tetranitrile 1, the ideal precursor for the tetracarboxylic acid 2; however, the original preparation, as 
well as subsequent slight improvements, generally provided a highly impure product, in which the 
isolated compound was described as an oil. Some progress in small scale preparation of 1 was 
achieved but tedious chromatographic separationa from its principal by-product, 4-oxa- I ,7- 
dicyanoheptane and an array of dark-colored side-products was a notable deterrent. 

Since these methods were not amenable to large scale preparations, development of a rational, 
feasible synthesis and a highly efficient work-up prwedwe for both 1 and 2 was desired. The use of 
water as the reaction medium (and a moderator of an otherwise very exothermic reaction) combined 
with Triton-B, a.. base catalyst, provided a highly efficient combination to afford nearly colorless 1. The 
bulk of the by-product, 4-oxa-l,7-dicyanopentane, was removed by simple distillation and final purifica- 
tion was readily achieved by recrystallization of 1 from water; residual traces of 4-oxa- 1,7-dicyanopen- 
tane were water soluble.',l" The single crystal structure of 1 was confirmed by X-ray ana1ysis.l' 

Previously, tetranitrile 1 was converted12J3 into the tetramethyl ester using conventional 
methods; subsequent alkaline hydrolysis provided the desired 2 in unspecified yield and purity. In 
general, only small scale preparations of 2 have been mentioned in the literature and no large scale 
method for purification has been furnished. Since the pure, crystalline tetranitrile 1 is free of contami- 
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nants, simple hydrolysis with concentrated HCI, followed by ether extraction from the aqueous phase 
provided nearly pure material, which was recrystallized from acetonitrile to furnish pure, crystalline 
tetraacid 2. 

EXPERIMENTAL SECTION 

A11 starting materials were purchased from Aldrich Chemical Co. Melting points are uncorrected. 'H 
and NMR spectra were recorded on a Bruker AC 250 MHz spectrometer. 

5,5-bis(4-Cyano-2-oxabutyl)-1,9-dicyano-3,7-dioxanonane (l).- (Caution: Acrylonitrile is 

highly toxic, its use should be confined to a well ventilated hood.) A 3-liter flask was equipped 
with a mechanical stirrer and charged with water (1 L), pentaerythritol (136 g, 1 mol), 
benzyltrimethylammonium hydroxide (30 mL, Triton-B; 40% in H,O), and acrylonitrile (370 
g, 462 mL, 7 mol). Rapid stirring was commenced and maintained for a period of 8 hrs. Undis- 
solved crystals of pentaerythritol slowly dissolved as the reaction proceeded. The product 
separated as a heavy oil and formed a suspension in the bottom of the flask. The reaction 
mixture was transferred into a 5-liter separatory funnel and conc. HCI (15 mL) was added. The 
lower oily layer was separated, dissolved in toluene (1.5 L) and washed with water (2 250 
mL). Toluene and traces of water were removed in vucuo affording a colorless oil, which was 
distilled in vucuo to yield 55-60.5 g (75-77%) of 4-oxa-l,7-dicyanoheptane as a colorless oil, 

Hz, 4H, CH,O), I3C NMR (DMSO-d,): 6 18.0 (CH,CN), 65.07 (CH,O), 118.92 (a). 
The residual light oil was poured into a 500 mL beaker and allowed to solidify 

affording 325-335 g (93-96%) of colorless crystals, which were dissolved in a boiling water- 
ethanol mixture (9: I ;  3250-3350 mL) and allowed to cool slowly to 25" with mechanical stir- 
ring. At 30-35", crystallization may be induced by adding a crystal of the tetranitrile. Crystal- 
lization without stirring resulted in the formation of large lumps of crystals with occluded 
water. After cooling in an ice bath, the crystals were collected and dried in vacuo over P20, to 
yield 261-286 g (7577%) of white needles, mp. 44-46". 'H NMR (DMSO-d,): ( 2.83 (t, J = 

5.8 Hz, 8H, CH,CN), 3.67 (s, 8H, CH,O), 3.95 (t, J = 5.8 Hz, 8H, OCH,),  I3C NMR (DMSO- 
d6): 6 17.59 (CH,CN), 45.24 (4C), 65.67 (OCH,), 68.54 (CH,O), 119.14 (CN). 
6,6-bis(4-Carboxy-2~oxabutyl)~,~d~xaunde-l,ll-dicarboxylic Acid (2).- A 1 -liter 3- 
necked round bottom flask, equipped with a stirrer and thermometer was charged with 66 -  
bis(4-cyano-2-oxabutyl)-4,8-dioxaundecane- 1,ll-dinitrile (104 g, 300 mmol) and conc. HCI 
(450 mL). The stirred suspension was heated14 at 70-75" for 1 hr; crystals of 1 slowly 
chssolved and ammonium chloride began to participitate at about 50-55". Then the solution 
was diluted twice with water (450 mL) and concentrated in VUCMO to give an oily semicrys- 
t a k e  residue, which was dissolved in water (260 mL) and continuously extracted with diethyl 
ether for 8 hrs. Acid 1 is not very soluble in ether and thus separated as an oil, affording an 
immiscible suspension. The ether was removed in vucuo yielding a colorless oil, from which 

bp. 110-120"/0.1 W. 'H NMR (CDC1,): ( 2.78 (t, J = 5.9 Hz, 4H, CH,CN), 3.67 (t, J = 5.8 
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the residual water was also removed in vacua over 3-8 hrs. The resultant solid (1 10-1 12 g) was 
recrystallized from acetonitrile (180-185 mL) to give 99-100 g (87-89%) of the pure tetracar- 
boxylic acid 2 as white crystals, mp. 104-106", lit.' mp. 94-96". IR (nujol): 3450-2500 
(CO,H), 1701 (C0,H) cm-I, 'H NMR (DMSO-d,): 6 2.84 (t, J = 6 Hz, 8H, CH,CO,H), 3.67 (s, 

8H, CH,O), 3.96 (t, J = 6 Hz, 8H, CH,O), I3C NMR (DMSO-d,): 6 36.01 (CH,CO,H), 45.43 
(Q, 67.09 (OCH,), 173.16 (C0,H). 
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