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centrated nitric acid. The addition of ammonium molyb- 
date solution followed by warming of the mixture gave a 
yellow precipitate, indicating the presence of arsenic. 

The aqueous layer of the hydrolyzed reaction mixture 
was extracted with ether and removal of the solvent from 
the ether extract after drying over sodium sulfate, gave a 
residue which was successively extracted with petroleum 
ether (b.p. 60-70"), methanol and hot benzene, The meth- 
anol extract gave 5.7 g. of triphenylsilanol, which melted 
at 151-153', after crystallization from cyclohexane. A mixed 
melting point with an authentic sample was not depressed. 

From the bcnzene extract, 0.3 g. of hexaphenyldisilane, 
m.p. and mixed m.p. 360-362' and 0.25 g. of hexaphenyl- 
disiloxane, m.p. and mixed m.p. 224-226") were isolated by 
fractional crystallization. 

The petroleum ether extract was chromatographed on 
alumina. Elution with the same solvent gave 3.1 g. (13.2%) 
of triphcnylsilane, identified by a comparison of the infrared 
spectrum in carbon tetrachloride with that of an authentic 
sample. Thc characteristic Si-li absorption band was ob- 
served a t  2105 cm.-1. Elution of the column with carbon tet- 
rachloride gave 0.97 g. of hexaphenyldisiloxane, m.p. and 
mixed m.p. 224226". The column was finally eluted with 
methanol to  give 1.1 g. of triphenylsilanol, m.p. and mixed 
m.p. 152-153". The total yield of hexaphenyldisilane was 
10.0 g. (44%), of triphenylsilanol was 6.8 g. (13.3%), and 
that of hexaphenyldisiloxane was 1.3 g. (5.1%). 

Triphmykilyllithium and antimony trichloride. A solu- 
tion of 0.06 mole (140 ml.) of triphenylsilyllithium was 
slowly added to 4.6 g (0.02 mole) of antimony trichloride 
dissolved in 25 ml. of tetrahydrofuran, during one hour a t  
room temperature. Color Test I was negative after all the 
triphenylsilyllithium had been added. The mixture was 
hydrolyzed by adding water, the insoluble residue was re- 
moved by filtration and the aqueous layer was extracted 
with ether. The brown residue was extracted with hot 
tetralin to give 7.8 g. (50.1%) of hexaphenyldisilane, m.p. 
and mixed m.p. 366365'. The tetralin-insoluble portion 
(2.2 g., 90.5%) was identified as metallic antimony by 
qualitative testa. 

The ether extract was dried over sodium sulfate and re- 
moval of the solvent gave a viscous liquid, which was chro- 
matographed on alumina. Elution with petroleum ether 
(b.p. 60-70') gave 0.8 g. (5.1%) of triphenylsilane, identi- 
fied by a comparison of the infrared spectrum with that of 
an authentic sample. Elution with benzene gave 1.0 g. (6.2%) 
of hexaphenyldisiloxane, m.p. and mixed map. 227-228"; and 
filial elution of the column with methanol resulted in the 
isolation of 3.5 g. (21.l'%) of triphenylsilanol, m.p. and 
mixed m.p. 154-155'. 

Triphenykilyllithium and bismuth trichloride. Addition of 
0.09 mole (103.5 ml.) of triphenylsilyllithium to 9.5 g. (0.03 
mole) of bismuth trichloride (dissolved in 50 ml. of tetra- 
hydrofuran) was carried out, at room temperature, during 
1 hr. The reaction was exothermic to give a black mixture 
and Color Test I was negative a t  the end of the addition. 
The mixture waa hydrolyzed with water. The insoluble resi- 
due on extraction with tetralin gave 18.4 g. (78.8%) of 
hexaphenyldisilane, m.p. and mixed m.p. 365-366', and 5.1 
g. (81.3%) of metallic bismuth, identified by qualitative 
tests, The aqueous layer obtained after hydrolysis was ex- 
tracted with ether and work-up as in the previous case by 
chromatography, gave 0.8 g. (3.4%) of triphenylsilane, 0.5 
g. (2.1%) of hexaphenyldisiloxane and 1.9 g. (7.6%) of 
triphenylsilanol. These compounds were characterized by 
mixed melting point determinations with authentic samples. 
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Dialkylaluminum hydrides, such as diisobutylaluminum hydride and diethylaluminum hydride, effectively reduced cyclo- 
hexanone to cyclohexanol, benzoic acid to benzyl alcohol, benzonitrile to benzaldehyde, n-butyl caproate to n-butanol and 
n-hexanol, methyl benzoate to benzyl alcohol and diethyl fumarate to trans-2-butene-l,4diol. No selectivity in reduction 
of the acetylenic bond of 2-butyne-1,Miol was obtained but some selectivity was found with 1-ethynylcyclohexanol. The 
stoichiometries involved in the reductions with dialkylaluminum hydrides are very similar to those observed with lithium 
aluminum hydride. 

Dialkylaluminum hydrides, i e . ,  diisobutyl- 
aluminum hydride, are effective reducing agents 
and are similar to lithium aluminum hydride in 
their reactivities. The dinlkylaluminum hydrides 
are liquids and are conveniently handled under 
nitrogen. Although the equivalent reducing weight 
of lithium aluminum hydride is lower than that of 
the dialkylaluminum hydrides, the latter appear to 
be more selective in certain reactions. Moreover, 
the ease of preparation and the relatively low cost 

of the dialkylaluminum hydrides offer certain 
advantages over lithium aluminum hydride. 

The reduction of cyclohexanone with diisobutyl- 
aluminum hydride in a 1 : l  mole ratio gave 83% 
yields of cyclohexanol. 

Meerwein' reported that triethylaluminum and 
triethyl boron could be used to reduce aldehydes, 

(1) H. Meerwcin, G. Hinz, 13. hfajcrt, and 13. Sonke, .I. 
Prakt. Chem., 147, 226 (1937). 
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ketones, a,~-unsaturated aldehydes and halogeiiated 
aldehydes and ketones to the corresponding 
alcohols. We view this reaction as a particular case 
of the &leerwein-Ponndorf-Verley reduction2 in 
which the alkyl groups act as hydrogen donors to 
give the corresponding aluminum alkoxide with the 
evolution of an olefin. However, the exact analogy 
cannot be drawn since the reduction with triethyl- 
aluminum is not reversible. 

Ziegler3 repeated Meerwein's work and also noted 
the use of diisobutylaluminum hydride as a re- 
ducing agent but failed to report his experimental 
results. 

Benzoic acid was reduced with diisobutylalumi- 
num hydride to give 72% yields of benzyl alcohol. 
Gas was evolved upon the addition of the hydride 
to benzoic acid until one mole of the reducing agent 
had reacted with three moles of benzoic acid; 
thereafter, the addition gave no gas. Therefore, 
the isobutyl groups on the diisobutylaluminum 
hydride react quantitatively with active hydrogens, 
but, as we will try to indicate in this paper, these 
alkyl groups are not involved in the reduction of 
compounds other than aldehydes and ketones. 
Moreover, the stoichiometry of the reduction, as 
based on hydrogen evolved from excess reagent, 
seems to be six equivalents of hydride per mole of 
aluminum benzoate. This stoichiometry corresponds 
to that observed with lithium aluminum hydride. 

The reduction of benxonitrile with diisobutyl- 
aluminum hydride gave no benzylamine, as such, 
instead only benzaldehyde and berizalbenzylamine 
were obtained. Using a 4:l mole ratio of hydride 
to nitrile, 68% of benzaldehyde and 319% of benzyl- 
amine (based on hydrolysis products) were ob- 
tained, whereas u 2:l  mole ratio of hydride to  
nitrile gave benzaldehyde and 13% benzyl- 
amine (based on hydrolysis products). When this 
reaction was repeated with a 1:l mole ratio of hy- 
dride to nitrile 90% yields of benzaldehyde were ob- 
tained with only a trace of benzalbenxylamine. 
Moreover the gas obtaiiied from the decomposition 
of the reduction complex consisted of only iso- 
butane with no hydrogen or isobutylene. This indi- 
cates that a 1 : 1 mole ratio of hydride to  nitrile is 
most efficient for reduction to  the aldehyde and 
that the isobutyl groups do not participate in the 
reductioii. 

Benzoriitrile hap been reduced to benzylamine in 
72% yield using a 2:l mole ratio of nitrile to  lithium 
aluminum hydride and in 93y0 yield with a 1:l 
mole ratio.4 Benzalaniline has been reduced to 

(2) A. L. Wilds, Org. Reaclious, 11, 178 (1944). 
( 8 )  K. Zicgler, K. Srtineidrr, arid J. Schnrider, ilngew. 

Chm., 67, 425 (1955). 
(4) It. F. Nystrorri and W. G. 13rown, J .  Am. Chem. Soc., 

70, 3738 (1918). L. H. Amrindscri arid L. 6 .  Xelson, J. Am. 
ChCf7L. L s h ,  73, 2-18 (1951). 

N-benzylaniline in 93% yield with a 4: l  mole 
ratio of benzalaniline to lithium aluminum hydride. 

Friedman5 reported the reduction of nitriles to 
aldehydes with lithium aluminum hydride by the 
very careful addition of one mole of hydride to four 
moles of nitrile. 

Therefore i t  appears that diisobutylalumiuum 
hydride is a more selective reagent than lithium 
aluminum hydride in the reduction of nitriles to  
aldehydes. 

n-Butyl caproate was reduced with diisobutyl- 
aluminum hydride in varying mole ratios. With a 
1: l  mole ratio of hydride to ester very poor yields 
of 1,hexanol were obtained. This is evidence that the 
residual alkyl groups on the hydride are not in- 
volved in the reduction of esters. Good yields of 1- 
hexanol were obtained with mole ratios of 3:l and 
4:l of hydride to ester, but in each case the gases 
evolved upon decomposition of the complex indi- 
cated the proper stoichiometry to be a 2:l  mole 
ratio of hydride to  ester. Therefore, methyl ben- 
zoate was reduced with a 2:l mole ratio of di- 
isobutylaluminum hydride to ester and a 90% yield 
of benzyl alcohol was obtained. Moreover, the off 
gas from this experiment contained 4 moles of iso- 
butane and no hydrogen. 

Lithium aluminum hydride has been reported6 
to  reduce a,P-unsaturated esters to the correspond- 
ing a,@-unsaturated alcohols in excellent yields. 
We were unable to reduce diethyl fumarate to 
trans-2-butene-l,4diol with lithium aluminum 
hydride although many different reaction condi- 
tions were tried. However, both diisobutylaluminum 
hydride and diethylaluminum hydride reacted with 
diethyl fumarate to produce trans-2-butene-1,4- 
diol in 6570% yields. In  each case a 4 : l  mole 
ratio of reducing agent to diester was required. 
Siuce the olefin was obtained in good yields and since 
no gaseous olefin was obtained in the off-gas, it 
seems apparent that the residual alkyl groups on the 
hydrides are not involved in the reduction. 

Wilke and Xlueller7 reported the reduction of 
disubstituted acetylenic hydrocarbons, ie., 3- 
hexyne, to the corresponding cis olefins with di- 
isobutylaluminum hydride. It has also been shown 
that8 lithium aluminum hydride reduced acetylenes 
to trans olefins in excellent yields if the triple bond 
is flanked by a propargylic hydroxyl group. There- 
fore, the reductions of l-ethynylcyclohexanol and 
2-butyne-l14-diol were tried with diisobutylalumi- 
num hydride. In  the case of 2-butyne-1,4-diol the 
reduction was not selective and a very poor ma- 
terial balaiice was obtained. The reduction of 2- 
butyne-l,-l-diol with lithium aluminum hydride 

(5) L. Friedman, Abstracts of Papers, llGth Meeting 
American Chemical Society, September 18-23, 1949, p. 5 M. 

(6) C. J. Martin, A. I. Schepartz, and B. F. Dauhert, J. 
A?/$. Ckctn. Soc., 79, 2601 (1948). 

(7) J. Wilkc and H. Mueller, Chem. Ber. ,  89, 444 (1956). 
(8) A. R. Rates, IC. R. H. Jories, and M. C .  ,Whiting, J. 

C'heni. Sor., 1854 (1954). 



gave trans-2-butene-1,4. diol in very poor yields. 
The reduction of 1-ethynylcyclohexanol with 
diisobutylaluminum hydride gave a product which 
contained 48% of 1-vinylcyclohesanol and 52% of 
unreacted 1-ethynylcyclohexanol. 

EXPERIMENTAL 

Koppers Co. diisobutylaluminum hydride and diethyl- 

All melting points and boiling points are uncorrected. 
Hydrogen numbers were determined by reduction of the 

compounds in 95% ethanol with 0.1 g. Adams' platinum 
catalyst a t  25" and one at,mosphere of hydrogen. 

Reduction of cyclohexanone. Cyclohexanone (21.6 g., 0.22 
in.) in benzene (28 ml.) was added under nitrogen over 1.5 
hr. to  a stirred solution of diisobutylaluminum hydride 
(0.22 m.) in benzene (100 ml.). The temperature rose to  45" 
during the addition and was maintained a t  this temperature 
during an 8-hr. stirring period. The cooled reaction mixture 
was decomposed by the addition of methanol (22.8 g., 0.71 
m.) in 25 ml. benzene followed by the addition of water (12.0 
g., 0.66 m.) in 25 mi. mcthanol. The gas evolved during the 
decomposition contained isobutane but no isobutylene. 
The decomposed reaction mixture was filtercd and distilled 
to give 18.3 g. (83% yield) of cyclohexanol; b.p. 82.5-83.0"/ 
40 mm., T Z ~  1.4655. 

The 3,5-dinitrobenzoate of cyclohexariol was prepared in 
the usual manner and after recrystallization from aqueous 
ethanol melted a t  111' and gave no melting point depression 
when admixed with an authentic sample. 

Similarly the phenylurethane of cyclohexanol was pre- 
pared (m.p. 82' from petroleum ether) and gave no melting 
point depression when admiscd with an authentic sample. 

Zteductiun of benzoic acid. I)iisobiitylaluminum hydride 
(0.45 m.) was added under nitrogen over 3 hr. to  a stirred 
mixture of benzoic acid (18.3 g., 0.15 m.) in 200 ml. of ben- 
zene. Gas evolution stopped after 0.05 m. of diisobutylalumi- 
num hydride had been added. The reaction temperature row 
to 45" and stirring was continued at. this temperature for 8 
Ilr. The cooled reaction mixture waa decomposed by the 
addition of methanol (44.8 g., 1.4 m.) in 45 ml. of benzene, 
followed by water (24.3 g., 1.35 m.) in 25 ml. of meth:tnol. 
The gas evolved during decomposition contained 0.18 m. 
hydrogen and 0.69 m. of isobut,anc. The rcaction mixture 
was filtered and distilled to  give 11.7 g. (72% yield) of 
benzyl alcohol; b.p. 100"/18.5 mm., n? 1.5390. 

The phenylurethane was prepared in the usual manner 
and after recryst.allization from petroleum ether melted at 
77.5' and gave no melting point depression in admixture 
with an authentic sample of the phenylurethane of benzyl 
alcohol. 

Reduction of bmzonitrile. Diisobutylaluminum hydride 
(0.4 m.) was added under nitrogen over 1.5 hr. to a solution 
of benzonitrile (10.3 g., 0.1 m.) in 140 ml. of benzene. No 
gas evolution was observed and the temperature rose to 
45'. Stirring was continued a t  45' for 8 hr. The cooled reac- 
tion mixture w.w decomposed by the addit,ion of methanol 
(38.4 g., 1.2 m.) in 45 ml. of benzene followed by water 
(21.6 g., 1.2 m.) in 50 ml. of methanol. The gas evolved dur- 
ing dccompositiori contained 0.32 m. hydrogen, 0.60 m. of 
id )u tane  and no isohiityleno. The solid sliiminum salts were 
filtercd and t)he filtrate was oonc:cnt,rated under rodriced prcs- 
sure. The concentrate was dissolved in ethcr (300 ml.) and 
extracted with 5% hydrochloric acid (2 X 100 ml.). The 
ether layer was dried and distilled to give 3.9 g. (37% yield) 
of benzaldehyde boiling a t  50-60'/5 mm. The 2,4-dinitro- 
phenylhydrazone of benzaldehyde (m.p. 237" from ethanol) 
was preptlrcd in the usual manner arid gave no melting point 
depression when admixed with an autohent,ic sample. 

The acid extract was made alkaline with aqueous sodium 
hydroxidr, t,he organic amine extracted wit,h ether and 
dried over anhydrous magnesium sulfate. Ilistillation of the 

aluminum hydride were used in this investigation. 

dry &her solution gavc 6 .1  g. of product boiling a t  168-- 
170"/5 mni.; 7 1 2  1.5962. Quantitative hydrogenation of this 
material over a palladium catalyst gave a hydrogen number 
of 0.88 assuming the compound to  be l~erizalbenzylamine, 
Thc hydrogenated product was convcrtcid to the benz- 
amide10 melting a t  112.5-113.5' and to  the benzcnesulfori- 
amide'.' melting at 66-67'. 

In a subsequent experiment run under identical conditions 
benzonitrile (17 g., 0.165 m.) was reduced with diisobutyl- 
aluminum hydride (0.33 m.). However, the decomposed reac- 
t>ion mixture was acidified with 300 Inl. of 20% sulfuric acid 
and steam distilled. The steam distillate gave 12.2 g. of 
benzaldehyde and 4 g. of benzylamine was isolated from thc 
residue by making it alkaline and extracting with ether. Thc 
gas evolved during decomposition contained 0.14 m. hydro- 
gen, 0.51 m. of isobutane and no isobutylene. 

This experiment was repeat>ed with 22.8 g. (0.22 in.) of 
benzonitrile and :11.9 g. (0.22 m.) of diisobutylalumirium 
hydride and a 90% yield (20.9 g.) of benzaldehyde was ob- 
tained. Also only a trace of ~~enzalbcrizylrimine was obtaincd 
and the gas evolved (0.44 in.) upon decomposition was en- 
tirely isobutane. 

Retluclion of n-butyl caproate. 1)iisobutylaltiminiiin hy- 
dride (0.33 in.) was added under nitrogen ovcr 2.5 hr. to a 
stirred Bolution of n-but'yl caproate (18.4 g., 0.11 m.) in 150 
ml. of benzene. The temperature rose to 45" during the 
:iddition and was maintained a t  this temperature for another 
8 hr. The cooled react~ion mixture was decomposed by the 
addition of methanol (82.0 g., 1.0 m.) in benzene (55 ml.) 
followed by wat,er (18.0 g., 1.0 m.) in methanol (30 ml.). 
The gas evolved during decomposition contained 0.19 m. of 
hydrogen, 0.62 in. of isobutane, and no itjobutylene. The de- 
composed reaction mixture was filtercd, concentrated, and 
distilled to give 4.7 g. (58% yield) of l-but*aIiol boiling at, 
116", ny  1.3970, and 8.2 g. (73% yield) of 1-hexanol boiling 
at, 155', ng 1.4174. 

The a-naphthyl urctharie of 1,he 1-hexiiriol was prepared in  
t,he U H L I ~ I  manner and after recrystallization from petroleum 
ether melted a t  58.5-59.0'. No mixed nielting point dopres- 
sion w w  observed when admixed with an authentic sample. 

This experiment was repeated in petroleum ether and the 
ostcr was added to the diisobutglaluminum hydride; 1-  
hexanol was obtaincd in 7774 yield. With a 1: I mole rat>io of 
diisot~utylalumirium hydride to oster a very poor yield 
of 1-hexanol was obtained; a 4: 1 mole ratio gavc 82% yields 
of 1-hexanol. The gases obtained from decoinposit~ion of thc 
react.ion mixtures contained very lihtle isobutylene arid 
thercfore the isobutyl groups could riot bc great>ly involvcd in 
t,he reductions. 

Reduction of nteth!/l benzoale. I)iisobutylalriminum hy- 
dride (30.6 g., 0.22 m.) was added under nitrogen ovcr 1 hr. 
to a stirred solution of methyl 1)erizoate (14.6 g., 0.11 m.) in 
250 ml. of benzene. The temperature rose to 45' during the 
addition arid was maintained a t  this tcmpcrat,ure for 
anot,her 2 hr. The product was decomposed in the usual 
manner to  give 0.44 m. of gas which consisted entirely of iso- 
but.ane with no hydrogen or isobutylene. Distillation of t,he 
organic product gave 10.4 g. (90% yield) of 6enzyl alcohol; 
h.p. 90-91°/7 mm., n g  1.5386. 

Redvrtion of diethgl f umarale. 1)iisobutylaluminum hy- 
dride (0.85 in.) was added under nitrogcii over 10 hr. to a 
stirred solution of diethyl fumarate (34.4 g., 0.2 in.) arid 
benzcnc (I60 ml.). The maximum ttxnpcratiire during t h e  
addition was 50". After standing overnight at, room t,cmpcra- 
tiire, tlrc react,ion mixtiirc was dct:omposed by the addition 
of methanol (76.8 g., 2.4 m.) in benzene (150 ml.) followed 
by water (45 g., 2.5 in.). The gas evolved during the de- 

(10) H. Franzen, Ner. ,  42, 3465 (1909) reported a melting 
point, of 112' for dihenzylamine benzitmitle. 

(11) Ti. 1,. Shriner and R. C. Fnson, Itlenli'ication oj" 
Organic Compovnds, p. 194, Johri \!%y R: Sons, Xiow York, 
1948, reports thc melt.ing point, of dibt:nzylamine bonzeiic- 
sulfonamide to be 68". 

- 
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composition contained 0.09 m. of hydrogen, 1.60 m. of iso- 
butane, and 0.06 m. of isobutylene. The reaction mixture 
was fittered and the aluminum salts were washed several 
times with methanol. The filtrate was distilled to give 12.3 g. 
(70% yield) of trans-2-butene-1,4-diol boiling at 86-88"/0.5 
mm.; n y  1.4758. 

Bromine (12.2 g., 0.076 m.) was added dropwise over 4 
hr. to a stirred mixture of trans-%butene-l,Pdiol (6.6 g., 
0.075 m.) in chloroform maintained a t  5-10'. The product 
was filtered and recrystallized from chloroform to give 14.2 
g. of meso-2,3dibromo-1,4butanediol~* melting at  130.0- 
130.6'. 

Anal. Calcd. for C4H802Br2: Br, 64.5. Found: Br, 64.5. 
Reduction of diethyl funlarate. Diethylaluminum hydride 

(0.2 m.) wm added under nitrogen over 1 hour to a stirred 
solution of diethyl fumarate (8.6 g., 0.05 m.) in benzene 
(300 ml.). The temperature rose to 45' during the reaction. 
After stirring an additional 2 hr., the reaction mixture was 
decomposed a t  room temperature by the slow addition of 
methanol (25.6 g,, 0.8 m.) in benzene (55 ml.) followed by 
water (15 g., 0.8 m.), The gas evolved during the decomposi- 
tion contained 0.39 m. of ethane and 0.02 m. of ethylene. 
The decomposed reaction mixture was filtered and the 
aluminum salts were washed several times with methanol. 
The filtrates were combined and distilled to give 2.9 g. 
(66% yield) of tram-2-butene-l,4diol boiling at 86-sS0/0.5 
mm.; n y  1.4752. 

Reduction of 9-butyne-l,$dwl with lithium aluminum hy- 
dn'de. 2-Butyne-l,4diol (43.2 g., 0.5 m.) in tetrahydrofuran 
(300 ml.) was added dropwise to lithium aluminum hydride 
(39.0 g., 1.0 m.) in anhydrous ether (1 1.). The reaction miv- 
ture was refluxed for 18 hr., cooled, and decomposed by the 
addition of water (72 g., 4.0 m.). The resulting slurry was 
filtered, the ether dried and concentrated. Distillation of the 
residue (6.1 g.) gave 2-butene-1,Pdiol (3.3 g., 7.5% yield) 
boiling a t  ll2-114'/3 mm. 

Anal. Calcd. for C,Ha02: Hvdroaen No., 1.00: Hvdrovvl 
N0.,13 2.0. Found: Hydiogen ko., i.05; Hydroxyl Go., 1.5. 

(12) C. Prevost, Compt. rend., 183, 1292 (19%). 
(13) S. Siggia, Quantitative Organic Analysis via Func- 

tional choups, p. 9, John Wiley & Sons, New York, 1954. 

This was confirmed as the trans isomer by its infrared 
spectrum and dibromo derivative (m.p. 129-130'). 

Reduction of 2-butyne-1 ,&diol wath diisobutylaluminum 
hydride. Diisobutylaluminum hydride (0.2 m.) was added 
over 4 hr. to a stirred slurry of 2-butyne-1,l-diol (25 8 g., 
0.3 m.) in benzene (160 ml.). The volume of gas evolved 
during this addition indicated that the reaction of the di- 
isobutylaluminum hydride with the hydroxyl goups  of 2- 
butyne-1,Pdiol was practically quantitative. After stirring 
a t  45' for 6 hr., a second portion of diisobutylaluminum 
hydride (0.3 m.) was added over 0.5 hr. The mixture WRS 
stirred for 8 hr. a t  45' and then was decomposed by the 
addition of methanol (32.0 g., 1.0 m.) in benzene (35 m.) 
followed by water (27.0 g., 1.5 m.) in methanol (30 ml.). 
The reaction mixture wm filtered and concentrated under 
reduced pressure leaving 19.7 g. of solid residue. Recrystal- 
lixation from ethyl acetate produced unreacted Zbutyne- 
l,4diol (15.0 g.) melting a t  55-58'. 

Reduction of l-ethyn?&yclohaanl. Diisobutylaluminum 
hydride (0.2 m.) was added under nitrogen to a stirred soh- 
tion of l-ethynylcyclohexanol (12.4 g., 0.1 m.) in 150 ml. of 
benzene over 1.1 hr. The temperature rose to 40' during the 
addition. The reaction mixture was stirred at  60" for 8 hr., 
cooled and decomposed by the addition of methanol (19.2 
g., 0.6 m.) in benzene (50 ml.) followed by water (10.8 g., 
0.6 m.) in methanol (25 ml.). The product was filtered and 
concentrated to give 9.7 g. of residue which gave a hydrogen 
number of 1.52 and a methynyl hydrogcn number14 of 0.51. 
Therefore, this crude product contained 52% of unreacted 
1-ethynylcyclohexanol and 48% of 1-vinylcyclohexanol. 
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(14) S. Siggia, Quantitative Organic Analysis via Func- 
tional Groups, p. 86, John Wiley & Sons, New York, 1954. 

[CONTRIBUTION FROM THE RESEARCH LABORATORIES, TENNESSEE EASTMAN COMPANY, 
DIVISION O F  EASTMAN KODAK COMPANY] 

Phosphorus-Containing Derivatives of 
2,2-Dimethyl-l,3-propanediol 

RICHARD L. McCONNELL AND H. W. COOVER, JR. 

Received October SO, 1968 

A number df phosphorus-containing esters were made from 2,2-dimethyl-l,3-propanediol. Phosphoryl chloride gave a 
cyclic phosphorochloridate which could be treated with an alcohol or phenol to produce a neutral ester. Phosphonic di- 
chlorides gave cyclic neutral esters directly. When phosphorus trichloride was used, a cyclic bisphosphite was produced; 
howcver, when this reaction was carried out in the presence of an alcohol, a cyclic hydrogen phosphite was formed. Treat- 
ment of 2,2-dimethyl-1,3-propanediol with diethyl phosphorochloridate gave a neutral bisphosphate which on pyrolysis 
liberated triethyl phosphate to yield a cyclic neutral ester. In general, these derivatives of 2,2-dimethyl-l13-propanediol 
are stable, white, crystalline compounds. 

This investigation was undertaken to study the 
preparation and properties of phosphorus-contain- 
ing esters derived from 2,2-dimethyl-l,3-propane- 
diol, a derivative of isobutyraldehyde. These esters 

glycol with a phosphorus dihalide or trihalide 
usually result,s in the formation of cyclic esters.'-la 
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