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4,5-Dimethylenedioxolane (I) and 4,5-dimethylene-2,2-diphenyldioxolane (11) failed to react with dienophiles other than 
tetracyanoethylene. The infrared C F C  absorption of dialkoxyolefins occurs below 6 p and shifts to shorter wave lengths 
with increasing ring strain and thus is similar t o  that of fluoroalkenes. 

The use of 4,5-dimethylenedioxolanes as dienes 
in the Diels-Alder reaction apparently has not been 
previously investigated. However, 1,Zdimethylene- 
cyclopentane,l 2,3-dimethylenedioxane12 and 2,3- 
dimethoxy (and -diethoxy) butadiene3 have all been 
shown to undergo the Diels-Alder reaction. This 
implies that the five-membered ring and the oxygen 
atoms in 4,5-dimethylenedioxolanes should not 
hinder reaction. This implication is strengthened by 
the data in Table I which indicates a marked simi- 
larity between 1,2-dimethylenecyclopentane and I. 
However, neither I nor I1 reacted with dienophiles 
other than tetracyanoethylene (TCNE) . 4  The 
spectra of the tetracyanoethylene adducts are con- 
sistent with conventional Diels-Alder products. 

I. REH; 11. RsCeHS 

Thus the near infrared spectra showed no indication 
of terminal methylene groups, the adduct with I 
showed no selective ultraviolet absorption, and the 
nuclear magnetic resonance spectra showed only 
two types of hydrogen. The 5.73-5.85 p absorption 
shown by the tetracyanoethylene adducts is at- 

(1) A. T. Blomquist, J. Wolinsky, Y. C. Meinwald, and 

(2) R. K. Summerbell and G. J. Lestina, J .  Am. Chem. 

(3) J. R. Johnson, W. H. Jobling, and G. W. Bodamer, 

(4) W. J. Middleton, R. E. Heckert, E. L. Little, and C. 

D. T. Longone, J. Am. Chem. Soc., 78, 6057 (1956). 

Soc., 79,3878 (1957). 

J .  Am. Chem. Soc., 63,131 (1941). 

G. Krespan, J .  Am. Chem. Soc., 80,2783 (1958). 

tributed to the olefinic bond by analogy with ketene 
acetals and fluoroalkenes. 

TABLE I 
SPECTRA OF SOME BUTADIENE DERIVATIVES 

Compound A,,, mfi log e (solvent) IJ 

Butadiene 217' 4 . 3 2 ( h e ~ a n e ) ~  1.64, 5.5, 6.28 
2,SDimethoxy- 

butadiene 225 4.28 (dioxane) 5.5,6.30 
1,2-Dimethyl- 248b 4.02 (isooctane)b 5.66, 6.15b 

en e c y c 1 o - 
pentane 

4,SDimethyl- 245 4.06 (dioxane) 1.61, 5.6, 

4,5-Dimethyl- 1.60,5.55, 
ene-2,2- 5.95,G.l 
diphenyl- 
dioxolane (11) 

enedioxolane (I) 5.95-6.1 

a A. E. Gillam and E. S. Stern, Electronic Absorption 
Ref. 1. Spectroscopy, E. Arnold Ltd., London, 1954, p. 93. 

Olefinic infrared absorption below 6 p is well- 
known for fluoroalkenes (Table II).6 The reason for 
this absorption a t  unusually short wave lengths is 
not known16 but work in progress indicates the 
important contribution of a mass effect.6 Dr. 
Crawford has suggested6 that the similarity in mass 
of oxygen and fluorine might be manifested in ab- 
sorption at  unusually short wave lengths for 
dialkoxyolefins. Thus ketene acetals, RIR2C=C- 

(5) L. G. Bellamy, The  Infrared Spectra of Complex 

(6) Private communication from Dr. Bryce Crawford, 
Molecules, Methuen & Co. Ltd., London, 1958, p. 42. 
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TABLE I1 
INFRARED ABSORPTION SPECTRA OF OLEFINS 

C=C C=C 
Compound Absorption, p Compound Absorption, p 

Perfluoroc yclobutene 

Perfluorocyclopentene 5.7c 
Perfluorocyclohexene 5.740 

Perfluorobutene-2 
Butene-2 
Cyclohexene 

Cyclopentene 
Cyclobutene 

5.770 
6 .  06d 
6 .  06d 

6.21d 
6 .  31id 

5.73e 

5.81-5.85’ 

5 .89 

a J. R. Xielsen, 11. Z. El-Sabban, and XI. Alpert, J .  Chem. Phys., 23, 324 (1955). 
A. L. Henne and K. A. Latif, J .  ,4nz. Chem. SOC., 76, 610 (1954). 

R. N. Haszeldine, J .  Chettr. Soc., 4423 
Ref. 5, p. 387. e R = H  or C A .  IR,=Rp= (1952). 

R,=R, =CY;  Ri =Ry= H, R? =R, =COiCHg; R, = Rq =H,  Rp= R~=-CO-O-CO-. 

(OR)2, are reported to  absorb at  6.10 p (R,= 

Rz=CH8),andat 6 . 1 2 ~  (Rl=C~H6,R2=HorC6H6).i 
These results appear to confirm the analogy with the 
fluoroolefins with the important qualification that 
the dialkoxyolefin must be at  least monosubsti- 
tuted by alkyl groups to  exhibit shifts to below 
6 b. The work of McElvain and Starni also indi- 
cates that conjugation acts to nullify, in part, 
the otherwise expected shift to shorter wave 
lengths. This is confirmed by examples provided by 
Yates and Robb.8 

The effect of oxygen a t  both ends of an olefinic 
linkage is of most immediate interest to  us in 
explaining the spectra of the adducts of I and I1 
with tetrac yanoe t h ylene. Consistent with the 
previous remarks concerning ketene acetals, di- 
oxene9 absorbed at  6.1 p and 2,3-diphenyldioxene-2 
is reported to absorb at  6.06 p.l0 It was expected 
that alkyl substitution, however, would cause a 
shift to shorter wave lengths and several 2,3- 
dialkyldioxene-2 derivatives were prepared and were 
found to absorb in the 5.81-5.85 p region (Fig. 1 
and Table 11). 

Another analogy of dialkoxyolefins with fluoro- 
alkenes is provided by the effect of ring strain 
(Table 11). As ring strain increases, the wave 
length of C=C absorption increases for hydrocar- 
bons but decreases for fluorocarbons. Similarly, 
the dialkoxyolefins (with a fused cyclohexane ring 
as a common feature) showed a decrease in the wave 

RZ=H), 5.97 p (Ri=H, Rz=CHs), 5.86 p (Ri= 

(7) S. M. McElvain and R. E. Starn, Jr., J .  Am. Chem. 

( 8 )  P. Yates and E. W. Robb, J .  Am. Chem. SOC., 79, 

(9) Prepared according to R. K. Summerbell and R. R. 

(10) R. K. Summerbell and D. R. Berger, J .  Am. Chem. 

SOC., 77,4571 (1955). 

5760 (1957). 

Umhoefer, J. Am.  Cheni. SOC., 61, 3016 (1939). 

SOC., 81,633 (1959). 
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Fig. 1. Infrared spectra of dialkoxy disubstituted olefins 

length of C=C absorption in the series open chain 
> six-membered ring > five-membered ring. 

To summarize we suggest that two oxygen atoms 
attached to  a mono- or disubstituted olefin will 
give rise to C=C absorption below 6.0 p in the case 
of monosiibstitution and below 5.9 p in the case of 
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disubstitution. Ring strain where the double bond 
is endocyclic will decrease, and conjugation will 
increase, the wave length of absorption. 

The preparation of the 4,5-dimethylenedioxo- 
lanes (I and 11) followed conventional routes and 
requires only a few comments. The reaction of an 
epoxide with a ketone to yield a ketal is known," 
but the stereochemistry has apparently not been 
elucidated. The preparation of the identical com- 
pound (VI) by the reaction of I11 with benzo- 
phenone and by the reaction of IV with dichloro- 
diphenylmethane showed that the epoxide (111) 
reacts with inversion. Hydrolysis of VI to yield 
the glycol (IV) further confirmed that inversion 
had occurred. Use of acetone in place of benzo- 
phenone in the sequence III+VI+IV provided a 
further example of inversion. 

The solvolytic stability of I11 and IX is note- 
worthy. Thus I11 mas isolated after long standing in 
a homogeneous aqueous formic acid solution- 
conditions which might be expected to lead to 
solvolysis of the epoxide. Dioxolane is completely 
hydrolyzed in one hour by a 27, sulfuric acid solu- 

H 
ClH&C=CCH&l 

I H  

KMnO, 
HC-CH 

OH 
111 CHzC1 

+ ?H ?H I 1 ClH&CH-CHCH2Cl ClH&CH-CHCH&l 
I 

IV OH 
V 

I 

(CRHj)nCO SnC1, 

3211 
CH,OH /?'/ I 

C,H&1 ,CH*Cl CH2 CHz C H 8 1  
II II I 

VI I1 VI1 

VI11 I 
fiCHn0)i 

I V  V 

(11) M. T. Bogert and R. 0. Roblin, Jr., J .  Am.  Chem. 
Soc., 55, 3741 (1933); T. Bersin and G. Willfang, Ber., 70, 
2167 (1937); G. Willfang, Rer., 74, 145 (1941). 

tion at  room temperature12 but the substituted 
dioxolane (IX) was recovered after similar treat- 
ment for seventeen hours and after refluxing for 
twenty-one hours with hydrochloric acid (pH 
"3) followed by twenty hours refluxing with con- 
centrated hydrochloric acid. However, dioxolane is 
soluble in 2% sulfuric acid, whereas IX is in- 
soluble in the above hydrolytic media and IX is 
hydrolyzed by methanolic hydrogen chloride in 
which it is soluble. 

EXPERIMENTAL 

nL-Bis( chloromethy1)oxirane (111) and meso-1 ,,$-dichloro- 
butanediol ( IV) .  The following method is a modification of 
Owen's procedurel3 for the preparation of I V  in 49% yield. 

A mixture of 600 ml. of 98$& formic acid and 140 ml. of 
30 yo hydrogen peroxide was prepared and maintained a t  
room temperature for 2 hr. It was then cooled to 5' over a 
period of 1 hr. To this mixture was added dropwise 125 g. 
(1 mole) of trans-l,4-dichlorob~tene-21~ over 3.25 hr. The 
initially homogeneous reaction mixture became cloudy when 
somewhat less than one-half of the dichloro compound had 
been added and remained cloudy even when addition was 
stopped for 30 min. When addition was complete the reac- 
tion mixture was allowed to warm spontaneously to 29" 
over 45 min. The mixture was then held a t  -5" for 20 hr. 
and then a t  +5" for 12 hr. When allowed to warm spon- 
taneously, the temperature rose to 36" and the mixture 
became homogeneous. It was then allowed to stand a t  auto- 
geneous temperature for an additional 27 hr. The solvent 
was removed under reduced pressure to yield a mixture of 
liquid and crystals. Steam distillation gave a liquid which was 
separated from the water, dissolved in ether, dried with so- 
dium sulfate, and filtered. Removal of the solvent under 
reduced pressure gave 29 g. (21%) of m-bis(ckloromethy1)- 
oxirane whose infrared spectrum showed no hydroxyl or 
olefinic bands. Redistillation gave a pure sample, b.p. 78-79' 
(13 mm.), nD 1.474(5) (reported's b.p. 66-68' [5 mm.], 

The pot liquor on standing deposited 13.2 g. of crude 
meso-1,4-dichlorobutanediol, m.p. 129-132' ( r e p ~ r t e d ~ ~ t ' ~  
m.p. 127'). The mother liquor was neutralized with a mixed 
cation-anion exchange resin (IR MB-1) and the solvent 
removed under reduced pressure to yield an additional 7.9 g. 
of glycol, m.p. 124.5-127' (total yield 13%). 

~~-I,4-Dichlorobutanediol (V). Following the procedure 
of Owen'3 80 g. (0.64 mole) of Irans-1,4-dichlorobutene-2 was 
dissolved in 1200 ml. of ethanol and cooled to -15". To 
this rapidly stirred solution was added dropwise a solution 
of 80 g. (0.51 mole) of potassium permanganate and 60 g. 
(0.50 mole) of magnesium sulfate in 1650 ml. of water. 
iiddition required approximately 3 hr. during which time 
the temperature was maintained a t  -30 to -15'. After 
warming to room temperature, the manganese dioxide was 
removed by centrifuging. The supernatant liquid was ex- 
tracted with four 200-ml. portions of ether. The ethereal 
extracts were dried with sodium sulfate and the solvent was 
removed under reduced pressure to  yield 52 g. of crude 
glycol, m.p. 75'. 

To the manganese dioxide was added a saturated sodium 
bisulfite solution until a gray slurry was obtained. The slurry 

nD 1.4743). 

(12) H. Hibbert and J. 9. Timm, J .  Am. C'hem. SOC., 46, 

(13) L. X.  Owen, J .  Chem. Soc., 241 (1949). 
(14) Polychemicals Dept., E. I. du Pont de Nemours & 

co. 
(15) P. S. Starcher, D. L. MacPeek, B. Phillips, British 

Patent 794,209, U. S. Patent 2,861,084. 
(16) W. Reppe et al., Ann., 596, 141 (1955), R. M. 

Evans and L. N. Owen, J .  Chem. SOC., 239 (1949). 

1283 (1924). 
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was thinned with water and extracted with three 200-ml. 
portions of ether. These ethereal extracts when treated as 
above yielded 5 g. of crude glycol, m.p. 75", total yield 56%. 

In the course of six preparations the reported13217*1* melt- 
ing point, 62-63', was observed in the first three prepara- 
tions, whereas the last three gave products melting a t  75'. 

Once having obtained the higher melting form all attempts 
to convert it  to the lower melting polymorph by recrystalli- 
zation were unsuccessful. A sample of the higher melting poly- 
morph when vacuum distilled gave a crystalline distillate 
which melted a t  61.3-62.9" when broken into small par- 
ticles and a t  74.9-76.8' after being finely ground. This 
interconversion on grinding prevented characterizing the 
polymorphs by means of x-ray diffraction. The identity of the 
higher melting polymorph was confirmed by preparing the 
diacetate, m.p. 75.2-76.6' (reported13 m.p. 76' for the di- 
acetate of the lower melting form), mixed melting point with 
starting material 55-71'. 

The crude glycol contained a trace of impurity which was 
believed to be a manganese compound [see preparation of 
~~-4 ,5-b is (  chloromethyl)-2,2-diphenyldioxolane]. This im- 
purity was not removed by recrystallization from benzene- 
petroleum ether but was removed by distillation. The im- 
purity had no effect on the melting point and was not de- 
tected by x-ray fluorescence. 

Attempts to  use zinc permanganate in place of the po- 
tassium permanganate-magnesium sulfate system gave 
0-23% yields of product. 

meso-4,5-Bis(chloromethyl)-Z,&diphenyldioxolane (VI). a)  
From Dtbis(ch1oromethyl)ozir~ne (111). To a solution of 5 
ml. of stannic chloride in 100 ml. of carbon tetrachloride was 
added dropwise a solution of 39.5 g. (0.28 mole) of Dbbis- 
(chloromethy1)oxirane (111) and 58.2 g. (0.32 mole) of benzo- 
phenone in 60 ml. of carbon tetrachloride. The reaction mix- 
ture became bright yellow and a t  the end of 55 min. became 
slightly cloudy. Addition was complete in 70 min. after 
which the reaction was stirred for an additional hour. Sixty 
milliliters of 17% potassium hydroxide was added with 
shaking. The residue was removed by filtration and thor- 
oughly washed with water until no longer basic to litmus 
to yield 58.9 g. of the dioxolane, m.p. 135-141'. 

The water was removed from the filtrate and the organic 
phase was dried with sodium sulfate. Removal of the solvent 
under reduced pressure gave an oily crystalline solid. The 
solid was washed thoroughly with carbon tetrachloride to  
yield an additional 11.85 g. of the dioxolane, m.p. 135-137", 
total yield 78%. 

The wash liquor was distilled and after the carbon tetra- 
chloride forerun the following fractions were obtained: 
1) b.p. 82-161", 4.69 g.; 2) b.p. 161-169', 17.16 g., crys- 
tallized on seeding with benzophenone, m.p. 46'; 3) pot 
residue, 3.42 g. of VI, m.p. 132-134.4' (from cyclohexane 
and ethanol). 

An analytical sample of the dioxolane was prepared by 
recrystallizing three times from cyclohexane and once from 
carbon tetrachloride to give a product melting a t  139-140.2", 
m.w. 291 in benzene, calcd. 323. The sample was then re- 
crystallized from alcohol to give a product having m.p. 
139.4-140.4", m.w. 291 in benzene, emax 459 a t  258 mp 
( CzHsOH). 
Anal. Calcd. for C17H160zClz: C, 63.17; H, 4.99; C1, 21.94; 

m.w. 323. Found: C, 63.08; H, 5.08; C1, 21.84; m.w. 287 
(Rast). 

b) From meso-1,4-diehlorobutanediol (IV). A mixture of 
150 ml. of xylene, 7.95 g. (0.05 mole) of meso-l,4dichloro- 
butanediol, and 11.85 g. (0.05 mole) of dichlorodiphenyl- 
methane was refluxed for 19 hr. Sodium bicarbonate (5.5 
g.) was added and the mixture was stirred for 1 hr. Water 
(100 ml.) was then added and the mixture was stirred for 

(17) G. W. Kilmer, M. D. Armstrong, G. B. Brown, and 

(18) M. R. Radcliffe and W. G .  Mayes, U.  S. Patent 
V. du Vigneaud, J .  Biol. Chem., 145,495 (1942). 

2,445,733. 

1 hr. The mixture was then filtered and the residue washed 
with 50 ml. of ether. The organic layer was separated from 
the filtrate and washed twice with 50-nil. portions of water. 
The organic layer was then dried with sodium sulfate to 
yield a clear, slightly yellow solution. Removal of the solvent 
under reduced pressure gave slightly yellow crystals which 
were recrystallized from cyclohexane to yield 6.26 g. of 
product, m.p. 137.2-139.8'. The mother liquor yielded an 
additional 9.28 g. of product (total yield 40%). 

An attempt to prepare this compound from the corre- 
sponding diol (IV) and benzophenone in refluxing benzene 
using p-toluenesulfonic acid as a catalyst gave after 16 hr. 
essentially no water, a 7970 recovery of benzophenone and a 
90y0 recovery of the diol. 

c) Methanolysis. Methanolysis was effected by suspend- 
ing 2.96 g. (0.0094 mole) of meso-4,5-bis(chloromethyl)-2,2- 
diphenyldioxolane in 150 ml. of methanol saturated with 
hydrogen chloride. After standing for 2 days, the solvent was 
removed under reduced pressure to yield a pasty solid. 
The solid was slurried with ether, filtered, and washed ex- 
tensively with ether to yield 0.18 g. of meso-l,4dichloro- 
butanediol, m.p. 129-130°, mixed melting point with authen- 
tic meso-glycol 129-130°, yield 12%. 

The ether wash was neutralized with 5% sodium bicar- 
bonate solution, dried with sodium sulfate, and the solvent 
removed under reduced pressure to yield a crystalline solid. 
The solid was washed by decantation with hot water, dis- 
solved in ether, and the ethereal solution dried with sodium 
sulfate. Removal of the solvent under reduced pressure gave 
a slightly yellow oil which instantly crystallized on seeding 
with benzophenone to yield 0.86 g. of benzophenone, m.p. 
40-45 ', yield 50 %. 

~~-4,5-Bis(chloromethyl)-d,&diphenyldioxolane (VII). A 
mixture of 12.72 g. (0.08 mole) of crude ~~-1,4-dichloro- 
butanediol (m.p. 63.5-66.1"), 15.3 ml. (18.96 g., 0.08 mole) 
of dichlorodiphenylmethane, and 400 ml. of xylene was re- 
fluxed for 19 hr. During the initial warm up period the solu- 
tion turned yellow and then deep blue. The color then 
changed to green and after about 3 hr. was greenish-yellow. 
At the end of the reflux period the solution was bright yellow. 
(On another occasion, using glycol melting a t  55-60", only 
a yellow color was observed throughout the reaction.) The 
solution was filtered to yield a trace of a gray powdery 
residue. The residue when spotted with 0.1N sodium hy- 
droxide turned brown. After drying it was spotted with Ijenzi- 
dine which gave a blue color indicating the probable presence 
of a manganese compound in the glycol starting material. 

Removal of the solvent from the filtrate under reduced 
pressure yielded a bright yellow crystalline slurry which was 
filtered and washed twice with xylene to yield 19.6 g. of white 
crystals, m.p. 129.5-132.0'. The filtrate when worked up 
yielded an additional 3.4 g. (total yield 88%) of brown 
colored crystals, m.p. 128-129.5". One recrystallization from 
cyclohexane, two recrystallizations from carbon tetrachlo- 
ride, and one recrystallization from ethanol gave an analyti- 
cal sample, m.p. 138-140", mixed m.p. with the meso isomer 
125-130°, emaX 479 a t  258 mp ( CZHSOH). 
Anal. Calcd. for C17H160&12: C, 63.17; H,  4.99; C1, 21.94. 

Found: C, 63.42, 63.45; H, 5.08, 4.99; C1, 21.51, 21.79. 
The meso and DL isomers are not readily distinguished by 

melting point but are easily distinguished by their infra- 
red spectra. The meso isomer (VI) has bands a t  12.0 and 
12.4 p which are not present in the spertriim of the DL 
isomer (VII). The preference for using infrared spectra 
rather than physical properties to distinguish between meso 
and DL isomers was also encountered in the case of the 4,5- 
bis(chloromethy1)dioxolanes (VI11 and IX).  
4,6-Dimethylene-Z,Z-diphenyl-dioxolane (11). (a)  Prepara- 

tion. To 150 ml. of 2N ethanolic potassium hydroxide solu- 
tion was added 9.75 g. (0.03 mole) of DL(or meso)-4,5-bis- 
(chloromethyl)-2,2-diphenyldioxolane (VI or VII). The solu- 
tion 'cvas refluxed for 4.5 hr. under nitrogen. Dry Ice was 
then added with shaking followed by 250 ml. of carbon tetra- 
chloride. The solution was filtered and the residue washed 



with an additional 50 ml. of carbon tetrachloride. Additional 
I h y  Ice was added to the filtrate and the gelatinous precipi- 
tate was again filtJered. The solvent was again removed from 
the filtrate under reduced pressure and t8he amorphous mate- 
rial obtained was dissolved in 100 ml. of carbon tetrachloride. 
The solvent was again removed under reduced pressure and 
the residue dissolved in 100 ml. of carbon tetrachloride. 
Filtration of the solution gave a clear, yellow filtrate. A 
sample of this filtrate was not basic to wet litmus paper. 
Removal of the solvent under reduced pressure gave a vis- 
cous orange oil which crystallized. This was dissolved in car- 
bon tetrachloride and the solution passed through an F20 
aluminalg column (12 X 2 cm.) and eluted with carbon tetra- 
chloride unt'il the effluent no longer gave a positive bromine 
test for unsaturation. The effluent had a slightly yellow color 
and the column contained an immobile colored zone 0-0.5 
cm. from the top. The solvent was removed from the effluent 
under reduced pressure to yield a very slightly yellow, heavy 
oil which on scratching immediately crystallized with the 
evolution of considerable heat. The crystals melted a t  54- 
62", weight 2.53 g., yield 33%. 

Further attempts to purify this material by racrystalliza- 
t,ion and distillation were not successful and an analytical 
sample was not. obtained. 

The infrared spectrum of this material showed absorption 
at  5.5 p (=CH2) and a doublet a t  6.0 p. The near infrared 
absorption spectrum of this compound showed absorption 
at  1.6 p characteristic of a t'erminal methylene group. 

A sample of this material was suspended in water con- 
taining sulfuric acid and distilled until the distillate was 
no longer yellow. Addition of hydroxylamine hydrochloride 
and sodium acetat'e to the distillate followed by a solution 
of nickel chloride gave a scarlet red precipitate characteristic 
of nickel dimethylglyoxime. 

( b )  Reaction with tetracyanoethylene. To a solution of 1.02 
g. (0.008 mole) of tetracyanoethylene in 20 ml. of tetrahydro- 
furan was added 2 g. (0.008 mole) of 4,5-dimethylene-2,2- 
diphenyldioxolane (11). This experiment was run in triplicate 
using 1 ) commercial tetrahydrofuran containing hydro- 
quinone, 2 )  tetrahydrofuran free of hydroquinone but con- 
taining peroxides, and 3) tetrahydrofuran freshly purified 
and containing neither peroxides nor hydroquinone. 

The commercial tetrahydrofuran gave a dark blue solu- 
t'ion with tetracyanoethylene which changed to a dark green 
on adding the diene and then faded to a light green after 2 
hr. After 18 hr. there was no further color change. On re- 
moving the solvent under reduced pressure a dark green oil 
was obtained which on trituration with ethanol yielded 
crystals. These were slurried with ethanol, filtered, and 
then recrystallized from ethanol to yield 1.56 g. of product, 
yield SO%, m.p. 164-166'. The tetrahydrofuran free of 
hydroquinone but containing peroxides gave a greenish yel- 
low solution with tetracyanoethylene which changed to an 
orange-yellow color on adding the diene. After 2 hr. the 
solution was light yellow and after 18 hr. dark orange. 
This solution when worked up as described above yielded 
0.15 g. of product', yield 5.870, m.p. 165-167". The freshly 
purified tetrahydrofuran gave a greenish-yellow color with 
tetracyanoethylene which changed to an orange-yellow color 
on adding the diene. After 2 hr. the color was dark yellow and 
no further change occurred on standing for 18 hr. Work up of 
t'his solution as described above yielded 1.91 g. of product', 
yield 747'(, m.p. 165-166.6'. 

This material after two additional recrystallizat,ions from 
ethanol and drying overnight a t  100" under vacuum over 
phosphorus pentoxide melted a t  175-177". 

i lna l .  Calcd. for C23H14N402: C, 73.00; H, 3.73; Tu', 14.81; 
m.w. 378. Found: C, 72.79; H, 3.53; N, 15.04; m.w. 347 
(Rast), 365 (in benzene). 

The product (4,4,5,5-tetracyano-1,2-diphenylmethylene- 
dioxycyclohexene-1 ) did not decolorize bromine in carbon 
tetrachloride hut, did decolorize potassium permanganate 

(19) Aluminum Co. of America, East St. Louis, 111. 

in acetone. The spectrum of this product showed no terminal 
methylene group in the 1.6 p region and had strong sharp 
absorption a t  5.7 p. The nuclear magnetic resonance spec- 
trum20 in  deuterochloroform was composed of an aromatic 
hydrogen peak a t  +99 C.P.S. of relative intensity 2.5 and a 
ring methylene hydrogen peak a t  - 65 C.P.S. of intensity 1. 

( c )  Attempted reaction of 11 with other dienophiles. 4,5- 
Dimethylene-2,2-diphenyldioxolane (11) failed to yield 
products on attempted reaction with (a )  ethylene (600 atm.) 
in alcoholic potassium hydroxide a t  100' for 18 hr., (b)  
maleic anhydride in refluxing benzene for 2 hr., (c) phenyl- 
azomaleianil in benzene for 24 hr., (d )  benzoquinone in bena- 
ene for 96 hr., (e)  fumaronitrile in tetrahydrofuran for 48 
hr., and (f) dimethyl acetylenedicarboxylate in refluxing 
carbon tetrachloride for 16 hr. 

meso-4,G-Bis( ch2oromethyl)diosolane (VIII). An intimate 
mixture of 119.3 g. (0.75 mole) of meso-l,$-dichlorobutanediol 
and 24 g. (0.80 mole) of paraformaldehyde was heated until 
a homogeneous melt was obtained. The mixture was then 
allowed to cool until solids began to form. An additional 1 g. 
of paraformaldehyde and 15 ml. of stannic chloride was 
then added. The mixture was heated on a steam bath for 
20 hr. After cooling to room temperature, 350 ml. of 1770 
potassium hydroxide solution was added with cooling. A 
two-phase liquid resulted. The organic phase was separated 
and the water was extracted with three 50-ml. portions of 
ether. The ether extracts and the organic phase were com- 
bined, dried with sodium sulfate, filtered, and then dried 
with potassium carbonate. Removal of the solvent under 
reduced pressure gave a liquid which was vacuum distilled. 
4 16.71 g. forerun, b.p. 38-94' (13 mm.), was obtained 
whose vapor phase chromatogram indicated 8 components. 
A second fraction (72.92 g.) was obtained with b.p. 94-101" 
(13 mm.), n D  1.482(8)-1.484(2), whose vapor phase chroma- 
togram showed only one component. A brown oily pot resi- 
due remained (5.8 g.). A second distillation of the homo- 
geneous fraction gave an analytical sample, b.p. 216-219.5' 
(762 mm.), n'," 1.484(7). The infrared spectrum is discussed 
in the following section. 

Anal .  Calcd. for CsHBC120~: C, 35.12; H, 4.72; c1, 41.47; 
m.w. 171. Found: C, 35.29; H, 4.75; C1, 41.32; m.w. 168 
(Rast). 

D L - ~ , ~ - B ~ s (  chloromethyl)dioxolane (IX). (a) Preparation. 
L4 mixture of 34.3 g. (0.216 mole) of Dtl,4dichlorobutane- 
diol and 6.6 g. (0.22 mole) of paraformaldehyde was heated 
until partially melted. To this was added 4 ml. of stannic 
chloride and the mixture was heated on a steam bath for 17 
hr. The reaction mixture was diluted with 100 ml. of ether 
and 70 ml. of 17% potassium hydroxide solution was added. 
This mixture was initially quite viscous but thinned on 
shaking. The ether layer %*as separated and the aqueous 
phase was extracted wit.h two 50-ml. portions of ether. The 
combined ether extracts were dried with sodium sulfate, 
filtered, and the solvent removed under reduced pressure. 
The residual liquid was distilled and after a small forerun, 
b.p. 40-84" (8 mm.), there was obtained 30 g. (yield 82%) 
of ~~-4,5-bi~(chlor0methyl)dioxolane, b.p. 84-89' (8 mm.), 
ny 1.477(0). Vapor phase chromatography indicated this 
material to be homogeneous. A second distillation gave an 
analytical sample, b.p. 85.5-86.0" (10 mm.), 212-214' (760 
mm.), n',' 1.478(5) [reported18 b.p. 102" (17 mm.)]. 

A n a l .  Calcd. for CsHB02c12: C, 35.12; H, 4.72; C1, 41.47; 
m.w. 171. Found: C, 35.25: H! 4.74; C1, 41.47; m.w. 171 
(in exaltone). 

(20) We are indebted to Mr. C. B. Matthews, who de- 
termined and interpreted the XMR spectra by means of a 
high resolution XMR spectrometer and associated electro- 
magnet manufactured by Varian Associates, Palo Alto, 
Calif., operating at  40 Mc. and approximately 10,000 gauss. 
Spectra were calibrated in terms of displacements in cycles 
per second (c.P.s.) from the proton resonance of water. 
Negative frequency displacements indicate resonance 
occurring a t  higher field relative to the reference 
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The physical properties of meso- and ~~-4 ,5-b is (  chloro- 
methy1)dioxolane are very similar and the two compounds 
are not readily distinguished by boiling point or refractive 
index. Vapor phase chromatography of the pure compounds 
over didodecyl phthalate on Celite a t  190" indicated a 
slightly greater retention time for the meso compound. This 
difference did not permit, however, a separation of a mix- 
ture of the two compounds. The compounds are most 
readily distinguished by their infrared spectra which al- 
though similar do possess distinct differences. The most 
intense peak in the 7-8 p region is a t  7.7 p for the DL isomer 
and a t  7.96 p for the meso isomer; in the 12-13 p region the 
DL compound has one peak a t  12.19 p and the meso isomer 
has peaks a t  12.30 and 12.60 p ;  in the 14-15 p region the 
DL compound s h o w  no peaks and the meso isomer has sharp 
absorption at 14.59 p .  

(b)  Methanolyszs. Two milliliters of ~~-4,5-bis(chloro- 
methy1)dioxolane was dissolved in 35 ml. of methanol satu- 
rated with hydrogen chloride. After 16.5 hr. the solvent was 
removed under reduced pressure to yield a colorless, heavy 
oil smelling strongly of hydrogen chloride. Seeding with 
~~-1,4-dichlorobutanediol caused immediate crystalliza- 
tion. The crystals were washed with ether and yielded 1.18 
g. of nL-1,4-dichlorobutanediol, m.p. 77-78', mixed melting 
point nith an authentic sample, 77.0-77.5'. 
4,5-Dzmethylenedioxolane (I). (a) Preparation. A solution 

of 24 g. (0.6 mole) of sodium hydroxide in 27 mi. of water 
was added to 200 ml. of 2-(2-ethoxyethoxy)ethanol. To this 
was added 33.1 g. (0.193 mole) of meso (or ~~)-4,5-bis-  
(chloromethy1)dioxolane. The mixture was heated and 
vigorous boiling commenced when the pot reached 113'. 
Heating was continued until the pot temperature reached 
144", a t  which point the head temperature was 121". The 
two phase distillate was collected over potassium carbonate 
in an ice-cooled receiver. Fifty milliliters of ether was added 
and the ether layer was separated from the yellow water 
phase. The water was extracted pi th  an additional 50 ml. 
of ether and the combined ether extracts were dried with 
potassium carbonate to yield a colorless solution. The solu- 
tion m-as then decanted and dried with sodium hydroxide 
which gave a milky solution. The solution was again de- 
canted and lithium aluminum hydride \?*as added. When 
reaction subsided the mixture was rapidly filtered and then 
distilled from fresh lithium aluminum hydride. -4fter the 
ether forerun a fraction, b.p. 75-106.5", was obtained fol- 
lowed by 4.97 g. of product, b.p. 106.5' (reported20 b.p. 115- 
116"), n D  1.472(6)-1.473(8). Vapor phase chromatography 
of the product indicated three trace impurities and dissec- 
tion and weighing of the chromatogram indicated a purity of 
approximately 99%. The product gave a negative Beilstein 
halogen test and was more dense than water. 

The ultraviolet spectrum of this compound in dioxane 
gave log emax 4.06 a t  245 mp, in excellent agreement with 
the value reported for 1,2-dimethylenecyclopentane, log 
emax 4.02 a t  248 mM.l The near infrared spectrum showed 
strong, sharp absorption a t  1.61 p (LCH.2) and the infra- 
red spectrum showed absorption a t  5.6, 11.12, and 11.25 p 
(R1R2C=CH2) and a t  5.95-6.1 p (a  poorly resolved doublet). 

The compound when freshly prepared was colorless and 
had a sweet odor. After exposure to the air for 5-10 min. the 
liquid turned yellow and smelled strongly of formaldehyde 
and after exposure overnight it was converted to a yellow 
glass. Stoppered samples turned yellow but remained liquid 
over several weeks. The instability of the compound pre- 
vented obtaining a satisfactory analysis. 

Unsuccessful attempts were made to dehydrohalogenate 
the starting material using sodium hydride to avoid the 
formation of water. 

(b) Hydrolysis. 4,5-Dimethylenedioxolane (0.27 g . )  was 
mixed with 10 ml. of water containing two drops of coned. 
hydrochloric acid. Shaking for 5 min. gave a yellow solution 
with a characteristic biacetyl odor and a white amorphous 
solid. The solution was filtered and treated with hydroxyl- 
amine hvdrochloride and sodium acetate on a steam bath 

for several minutes. A nickel chloride solution P;as added 
and gave a red precipitate whose infrared spectrum was 
identical with that of an authentic sample of nickel di- 
methylglyoxime. 2 1  

(c) Reaction with tetracyanoethylene. To the dark blue solu- 
tion prepared from 3.96 g. (0.031 mole) of tetracyanoethylene 
and 35 ml. of commercial tetrahydrofuran (hydroquinone 
inhibited) was added 3 g. (0.031 mole) of 4,5-dimethylene- 
dioxolane. The reaction mixture became hot and within 
1 min. assumed an olive-green color. The mixture was 
allowed to stand at  room temperature for 19 hr. during 
which time no further change was noted. The solvent was 
removed under reduced pressure a t  room temperature to 
yield an initially dark blue crystalline solid which became 
light blue on more complete removal of the solvent. The 
solid was slurried with ethanol, filtered, and washed thor- 
oughly with ethanol to yield a green filtrate which was 
discarded and a very slightly green crystalline solid, weight 
5.9 g., yield 86%. 

A n  analytical sample was prepared by recrystallizing 
from ethanol-1,2-dimethoxyethane, vacuum sublimation, 
and two recrystallizations from benzene to yield a white 
crystalline solid, m.p. 237.2-237.7' dec. (discolored a t  220"). 

Anal. Calcd. for CllHSN402: C, 58.40; H, 2.67; X, 24.77; 
m.w. 226. Found: C, 58.95, 59.06, H, 2.95, 3.09; K, 24.60, 
24.87. 

.4n additional recrystallization from benzene gave a solid 
which was dried under oil pump vacuum over phosphorus 
pentoxide for 2 days, m.p. 238.5-239.5 dec. Found: C, 58.75: 
H,2.61;S,25.04;m.w.241,226(inacetone). 

This compound (4,4,5,5-tetracyano-1,2-methylenedioxy- 
cyclohexene-1) showed infrared absorption at  5.7 p, no 
terminal methylene group in the near infrared, a simple cut- 
off in the ultraviolet similar to that found for dihydropyran, 
and in particular no absorption a t  280 mp (no R2CO). The 
S h l R  spectrum's in hexadeuteroacetone was composed of a 
ring methylene hydrogen peak at  -67 C.P.S. of relative in- 
tensity 2 and a formal methylene hydrogen peak a t  +18 
c.p.8. of intensity 1. 

( d )  Attempted reaction of I wath other dienophiles. 4,5- 
Dimethylenedioxolane ( I )  failed to yield products on at- 
tempted reaction with 1) maleic anhydride in benzene for 
19 hr., 2) dichloromaleic anhydride in benzene for 16 hr., 3) 
dimethyl acetylenedicarboxylate in benzene for 19 hr., and 
4) acrolein (no solvent) for 16 hr. 

4,4,5,5-Tetracyano-l,bdimethoxycyclohexene-l, To a solu- 
tion of 3.99 g. (0.0311 mole) of tetracyanoethylene in 50 ml. 
of commercial tetrahydrofuran was added 3.55 g. (0.0311 
molt,) of 2,3-dimethoxybutadiene.a The solution became 
quite hot and the initial blue color changed to an olive green 
within 1 min. and to a light green within 5 niin. After stand- 
ing overnight the solvent was removed under reduced pres- 
sure a t  room temperature to yield 7.38 g. of a blue solid, 
yield 98%. Two recrystallizations from Iienzene followed 
by three recrystallizations from ethanol yielded an analytical 
sample, m.p. 95.2-96.5'. 

Anal .  Calcd. for Cl?HloNaO2: C, 59.50; H, 4.16; Y, 23.14; 
m.w. 242. Found: C, 59.68, 59.50; H, 4.11, 4.05; Y, 23.22, 
23.08; m.w. 253 (Rast). 

The infrared spectrum of this compound showed strong. 
sharp absorption a t  5.89 p. The K-MR spectrumlg in deutero- 
chloroform was composed of a methyl hydrogen peak a t  -44 
c.p.s. of relative intensity 1.5 and a methylene hydrogen 
peak a t  -67 c.p.s. of intensity 1. 

b,2,S,S-Tetracyano-5,8-dzozaocta~~~. To a solution of 12.8 
g. (0.10 mole) of tetracyanoethylene in 60 ml. of purified 
tetrahydrofuran cooled to 10' was added in small portions 
13.75 g. (0.123 mole) of 2,3-dimethylene-dio~ane,~ diluted 
with a equal volume of tetrahydrofuran. A very vigorous 
exothermic reaction ensued, the solution boiled, and a dark 
red color was produced which instantly faded after each 

(21) Kindly provided by Dr. L. G. Donaruma of this 
laboratory. 
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addition. When addition w-as complete the solution was 
light yellow and darkened as the solution cooled to room 
temperature. After standing for 1 hr. the solvent was re- 
moved under reduced pressure to yield a yellow solid. One 
recrystallization from 1,2-dichloroethane gave 17.56 g. of 
product, yield 737,, m.p. 196.2-198.4' (sealed tube). An 
additional recrystallization from 1,2-dichloroethane followed 
by vacuum sublimation gave an analytical sample, m.p. 
198.2-199.4' (sealed tube). 

Anal .  Calcd. for C I ~ H ~ N ~ O Z :  C, 60.00; H, 3.36; N, 23.33; 
m.w. 240. Found: C, 60.16, 60.15; H, 3.53, 3.57; K, 23.48, 
23.52; m.w. 251,248 (Rast). 

This compound showed strong, sharp absorption at 5.82 p. 
Dimethyl 6,8-dioxaoctalin-cis-2,S-dicarboxylate. A solution 

of 3.4 g. (0.0162 mole j of 5,8-dioxaoctalin-cis-2,3-dicar- 
boxylic anhydride2 in 100 ml. of methanol was allowed to 
stand a t  room temperature for 4 hr. followed by refluxing for 
17 hr. To this solution was added an ethereal solution of 
diazomethane until a permanent yellow- color was obtained 
and the solution was no longer acidic to moist litmus paper. 
Removal of the solvent under reduced pressure gave a slightly 
yellow oil. Freezing this oil in a stoppered flask in Dry Ice 
and allowing to warm spontaneously to room temperature 
initiated crystallization to  give a product, m.p. 77-81", Re- 
crystallization from boiling methanol-ether (1 : 1 by volume) 
gave 3.03 g. of product, yield 737& m.p. 83', mixed m.p. 
61-85' with a sample of starting material, m.p. 84-85". 
Three additional recrystallizations from methanol-ether 
followed by drying overnight a t  room temperature over 
phosphorus pentoxide gave an analytical sample, m.p. 

Anal. Calcd. for C1?H1606: C, 56.25; H, 6.30; sap. eq. 
128. Found: C, 56.16, 56.34; H, 6.40, 6.41; sap. eq. 135, 127. 

The anhydride starting material showed infrared absorp- 
tion a t  5.4 and 5.61 (-CO-0-CO-) and 5.86 p. The 
dimethyl ester showed absorption at 5.72 (-C02CH3) and 
5.82 p. 

meso-4,5-Bis( chloromethy1)-d,bdimethyldioxoZane. (a) Prep- 
aratzon. To a stirred solution of 5 ml. of stannic chloride 
in 100 ml. of carbon tetrachloride was added dropwise a 
solution of 24 ml. of acetone and 39.5 g. of ~~-2,3-bis(chloro- 
methy1)oxirane in 75 ml. of carbon tetrachloride. Addition 
was carried out over 2 hr. and the mixture was then stirred 
an additional 17 hr. A solution of 20 g. of 857, potassium 
hydroxide in 80 ml. of water was added with shaking. The 
organic phase was separated, washed free of base with water, 
and dried with sodium sulfate. The carbon tetrachloride was 
removed under vacuum with a hot water bath and the 
residual bright yellow liquid was distilled through a 15 cm. 
Vigreux column. The distillate weighed 33.56 g., b.p. 75-92' 
(10 mm.), ny 1.466(2)-1.468(8). -4 second distillation gave 
3 fractions: (a) b.p. 48-88' (8 mm.), ng 1.468(2), 8.79 g.; 
(b)  b.p. 88-90' (8 mm.), n*z 1.468(5), 7.60 g.; (c) b.p. 90-91' 
(8 mm.), ny 1.468(0), 14.25 g. Vapor phase chromatography 
indicated all fractions contained epoxide starting material, 
an unidentified component, and the major component (as- 

82.0-83.0'. 

sumed to be product). The chromatograms when dissected 
and weighed indicated the following approximate percentage 
compositions: fraction (a), 64.37, product, 33.1 7, epoxide, 
2.5% unknown; fraction (b), 87.8% product, 9.8Tc epoxide, 
2.3y0 unknown; fraction (c), 97.3% product, 1.0% epoxide, 
1.77, unknown. Fraction (cj was analyzed. 

Anal. Calcd. for C7H12O2C12: C, 42.22; H, 6.08; C1, 35.62 
m.w. 199. Found: C, 42.21; H, 6.07; C1, 35.89; m.w. 194, 
209 (in exaltone). 

(b)  Methanolysis. Two milliliters of meso-4,5-bis(rhloro- 
methyl)-2,2-dimethyldioxolane (fraction C above) was dis- 
solved in 35 ml. of methanol saturated with hydrogen chlo- 
ride. At the end of 66 hr. the solution was black. The solvent 
was removed under reduced pressure to yield an amber 
colored solid. Water (100 ml.) was added with heating and 
the solution was treated with 0.5 teaspoon of Darco G60. Fil- 
tration yielded a very slightly yellow filtrate. Removal of the 
solvent under reduced pressure gave a white solid, 1.31 g., 
m.p. 125.5-129.5', mixed m.p. 127-130" with authentic 
meso-1,4-dichloro-butanediol. 

D L - ~ , ~ - B ~ s (  iodomethyZ)-Z,2-diphenyldioxolane. Sodium io- 
dide (30 g., 0.2 mole) was mixed with 100 g. of acetonyl- 
acetone and heated to 115'. The resulting dark colored 
solution was cooled to 40' and 16.25 g. (0.05 mole) of DL- 
4,5-bis( chloromethyl)-2,2-diphenyldioxolane was added. The 
solution was then heated to 155165' for 4 hr. during which 
time the solution turned black and water and 2,5-dimethyl- 
furan were distilled. The black solution was diluted with 
water and filtered to yield a black, highly crystalline residue. 
The residue was washed with sodium iodide solution, ether, 
and carbon tetrachloride. The residue was then washed very 
thoroughly with hot water, followed again by ether and 
carbon tetrachloride to yield 7.40 g. of a dark brown, highly 
crystalline solid, m.p. 191-193'. This solid on ignition liber- 
ated iodine and left no residue. The infrared spectrum of 
this material was nearly identical with the starting material. 
An analytical sample was prepared by recrystallizing twice 
from carbon tetrachloride and twice from n-butyl alcohol to a 
constant melting point, 190-191'. 

Anal .  Calcd. for C17H161202: C, 40.34; H, 3.19; I, 50.15; 
m.w. 506. Found: C, 40.32; H, 3.34; I, 49.93; m.w. 512 
(Rast ). 

The ultraviolet spectrum of this compound in methylene 
chloride showed the expected benzenoid form and absorption 
a t  258 mp but the emaX was three to four times the expected 
value (400-500) and showed marked changes with conren- 
tration: smax 1620 for 1.6 X 10-3M, 1500 for 3.2 X 10-3M, 
1440 for 7.9 X 10-3M, 1430 for 8.1 X 10-3Jf, 1240 for 
15.8 x l O - 3 M ,  and 1170 for 16.2 X l0-3M. 
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