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trum showed a fragment ion peak at  m/e 163, which is 
considered to be generated by loss of C,H,OH from 
the parent ion peak by McLaff erty rearrangemenL5 

A plausible reaction mechanism is postulated in 
Scheme I. It seems reasonable to assume that initially 
the base may attack the 5-position of the furan ring in 
3. Cyclization of the intermediate 6 may occur be- 

SCHEME I 

-.. - I 

tween the 01A and CN groups to give the intermediate 
7, which then yields, when treated with water, the 
product 3. When the primary arylamines are used 
as a base in the reaction, the resulting intermediate 8 
similar to 6 would cyclize between the OH and NH 
groups to give the product 2. 

8 

Experimental Section 

Nmr spectra were obtained on a JNM-C-60 high-resolution nmr 
spectrometer a t  a temperature of 19-20". Tetramethylsilane 
(6, 0) was used as an internal reference standard. I r  spectra 
were determined in the chloroform solution using a Perkin- 
Elmer 521 spectrophotometer. Mass spectra were measured 
with JMS-01s instrument operating a t  75 eV. 

Reaction of Ethyl a-Cyano-p-faylacrylate( la) with Morpho- 
lime.-A mixture of 10 g (0.052 mol) of the ester and 40 ml of 
morpholine waEi stirred a t  room temperature for 30 min. The 
reaction was exothermic, and the solution immediately turned 
orange, then reddish brown, and finally dark red. After being 
allowed to stand overnight, the viscous solution was poured 
into 1.0 1. of water under vigorous stirring. The resulting solid 
matrial was recrystallized from chloroform to give 5.9 g (54% 
yield) of 3a as yellowish green needles: mp 174-175'; uv max 
(CHCls) 284 mp (e 5200), 374 (34,000); (99.5% EtOH) 228 
(10,100), 284 (7200), 387 (36,500); ir (CHC13) 3508,3382 (NH2), 
2818, 2730 (aldehyde CH), 1685 (aldehyde C=O), 1672 (ester 
C=O), 1636 (C=C), 1612, 1378, 1312, and 985 om-1 (furan 
ring); nmr (de-DMSO) 6 1.27, 4.23 (COOCHBCH,), 6.06 (quar- 

(5) G. Spiteller, Monatsh. Chem., 98, 1142 (1961). 
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tet, Hg, Jgr = 15.0 Hz, Jap = 7.8 Hz, J,, = ca.O), 7.30 (d, 
H,, Jay = 15.0 Hz), 9.78 (d, Ha, Jap, = 7.8Hz), 7.14 (8, furan 
ring H),  7.82 (broad, "2). 

A d .  Calcd for CloHll~O4: C, 57.42; H,  5.26; N, 6.70. 
Found: C, 57.49; H, 5.17; N, 6.77. 

The 2,4-dinitrophenylhydrazone (4) occurred as dark brown 
needles (from pyridine-methanol), mp over 250". 

Anal. Calcd for CleHlsNsO?: N, 17.99. Found: N, 18.05. 
The semicarbazone 5 occurred as vellow needles (from metha- 

nol), mp 203-204". 
Anal. Calcd for C11HldN404: N, 21.05. Found: N, 20.98. 
Reaction of Benzyl a-Cyano-B-furvlacrvlate ( lb)  with Moroho- 

line.-The reaction-procedure was the same as described abbve. 
Recrystallizations of solid 3b from chloroform and from glyme- 
ethanol gave brown needles: mp 188-189'; uv max (CHCla) 
287 mp (e 5,100), 375 (30,600); (99.5% v/v EtOH) 227 (9400), 
285 (7000), 385 (33,200); ir (CHCls) 3495, 3380 (NH1), 2800, 
2720 (aldehyde CH), 1685 (aldehyde C=O), 1672 (ester C=O), 
1630 (C=C), 1613, 1382, 1303 cm-l (furan ring); nmr (de- 
DMSO) 6 5.23 (s, COOCHgPh), 6.04 (quartet, Hp, Jp ,  = 15.0 
Hz, J,p = 7.8 Hz), 7.20 ( 6 ,  furan ring H),  7.30 (d, H,, Jp ,  = 
15.0), 7.99 (broad, NHg), 9.45 (d, Ha, J,p = 7.8); mass spec- 
trum (75 eV) m/e 271 (molecular ion peak). 

Anal. Calcd for C16HlaN04: C, 66.41; H,  4.83; N, 5.16. 
Found: C, 66.82; H, 4.74; N, 5.04. 

Registry N0.-3a, 23386-18-7; 3b, 23386-19-8; 
4,23386-20-1 ; 5,23386-21-2. 
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The reduction of nonterminal acetylenes by chromous 
sulfate2 has been reported3 to lead stereoselectively to 
trans olefins in high yields. Sterically hindered alkyl- 
acetylenes are found to react slowly or to be inert to 
chromous sulfate. Conversely, the presence of hy- 
droxyl or carboxyl substituents near the acetylenic 
bond enhances reduction. 

We have found that the reduction of 2-methyl-3- 
hexyne-2,5-diol with aqueous chromous sulfate, while 
proceeding readily a t  room temperature, does not 
produce the expected trans-2-methyl-3-hexene-2,5-diol. 
Rather the reaction leads to three isomeric reduction 
products (Scheme I) in which the hydroxyl group 
rather than the triple bond is reduced. The overall 
yield of products is 70%, the balance being recovered 
starting material. 

The hydrogenolysis of a hydroxyl group under such 
mild conditions is unusual and seems to have been 
previously observed only in reductions with lithium 
aluminum h ~ d r i d e . ~ ! ~  

The reduction products (1, 2, and 3) were isolated in 
pure form by preparative gas chromatography (glpc) 
(see Experimental Section). 

(1) To whom all oorrespondenoe should be directed: Chemistry De- 

(2) For a review of the reactions of Cr(II) ,  see J. R. Hanson and E. 
Angew. Chem., Int .  Ed. Enol., 7 ,  

(3) C. E. Castro and R. D. Stephens, J. Amer. Chem. Soc., 86, 4358- 

(4) W. Oroshnik, A. D. Mebane, and G. Karmas, ibid., '76, 1050 (1953). 
(5 )  J. Meinwald and L. Hendry, Tetrahedron Lett., 1657 (1969). 

partment, Stanford University, Stanford, California 

Premuzio, Angew. Chem., 80, 271(1968); 
247 (1968). 

(1964). 

94305. 
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The previously known 5-methyl-3-hexyn-2-01 (1)6 
was identified by inspection of its ir and nmr spectra. 
The structural assignment was confirmed by Jones 
oxidation' of the alcohol to the corresponding ketone 
4,6 identified as the 2,4-dinitrophenylhydrazone whose 
physical properties agreed with those reported.6 

2-Methyl-2,3-hexadien-5-01 ( 2 )  was characterized by 
its ir8 and nmr spectra, and elemental analysis. The 
structural assignment was more firmly established by 
oxidation' of the alcohol to the corresponding ketone 5 
whose ir and nmr spectra were as expected for an 
allenic ketone (see Experimental Section). 

2-Methyl-2-hexen-4-one (3) was identified by com- 
parison of its ir and nmr spectra with those of authentic 
material (Aldrich Chemical Co.) ; the two sets of spectra 
were superimposable. 

Experimental Section 

Nmr spectra were recorded on a Varian A-60A instrument; 
samples were 50 vol. yo solutions in chloroform-d with internal 
TMS as a reference. Infrared spectra were recorded on a Perkin- 
Elmer Model 237B instrument. Elemental analyses were per- 
formed by Mr. N.  H.  Tashinian a t  the University of California, 
Berkeley, Calif. Product separation was effected on a Varian- 
aerograph model A-90-P3 gas chromatograph with a 5 ft X 
in. aluminum column (packed with 60-80 mesh Chromosorb G 
coated with 6y0 Carbowax 20M) using a helium flow rate of 
40 ml/min and a temperature of 128'. 

2-Methyl-3-hexyne-2 $diol was prepared as previously de- 
scribedB in 60% yield: bp 120-123' (10 mm); n% 1.4669 [lit.B 
bp 89-90' (3 mm), nZoD 1.46513; nmr (CDCls) 6 1.44 (d, 3, 
J = 6.5 Hz, CHs), 1.51 [s, 6, (CH,)zC], and 4.56 ppm (9, 1, 

Oxidation of a small amount of the diol with activated mag- 
nesium dioxide by the method of Attenburrowlo yielded 5270 2- 
methyl-2-hydroxy-3-hexyn-5-one: bp 76-79" (0.7 mm); 12% 

J 6.5 Hz,  CH(0H)CHz). 

5 

(6) L. I. Smith and R. E. Kelly, J. timer. Chem. Soc., 74, 3305 (1952). 
(7) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 

J .  Chsm. Soc., 39 (1946). 
(8) For the characteristic ir absorptions of 2-methyl-2,3-hexadien-5-ol (a), 

see M. Bertrand and R. Maurin, C.R. Acad. Sci., Paris, 260, 6122 (1965). 
(9) M. F. Shostakovskii, V. M. Vlasov, and A. A. Vasil' eva, Izu. Akad. 

Nauk, SSSR,  Ser. Khim., 696 (1964); Engl. transl., Bull. Acad. Sei. USSR, 
644 (1964). 

(10) J. Attenburrow, A. F. B. Cameron, J. H. Chapman, R. M. Evans, 
B. A. Hems, A. B. A. Jansen, and T. Walker, J. Chem. Soc., 1094 (1952). 

3 
6% 

1.4593 [lit.ll bp 60' (0.8 mm), Y L ~ O D  1.46191: nmr (CCl4) S 
1.56 [s, 6, (CHa)&H(OH)] and 2.32 ppm (s, 3, COCHI). 

Cr(I1) Reduction of 2-Methyl-3-hexyne-2,5-diol.-To 9.8 g 
(0.077 mol) of 2-methyl-3-hexyne-2,5-diol in 25 ml of nitrogen- 
purged (1 hr) water was added 37 g (0.16 mol) chromous 
sulfate pentahydrate [prepared (and handled) in a nitrogen 
atmosphere, in 47% yield, according to the method of Lux and 
Illman12] in 375 ml of nitrogen-purged (1 hr) water. The mix- 
ture was stirred to obtain a homogeneous solution and was 
then allowed to stand at  room temperature in a glass-stoppered 
flask for 22 days. [Glpc analysis (FFAP at 230") of aliquots of 
the reaction mixture showed that most of the conversion of 
starting material to products occurs within 48 hr.] The mixture 
was then extracted six times with 100-ml portions of ether, satu- 
rated with ammonium sulfate, and extracted twice more with 
100-ml portions of ether. The combined extracts were dried 
(hIgSO4); the solvent was removed using a rotary evaporator. 
There was obtained 8.5 g of a colorless liquid, from which three 
compounds (70% of the mixture) in the ratio of 70:24:6 were 
isolated by preparative glpc as previously described (the re- 
maining 30% of the mixture was largely starting material accord- 
ing to its glpc retention time). Each compound separated was 
rechromatographed (one or two times) to obtain the pure product 
and to demonstrate that isomerization did not occur during 
chromatography. Product 1 (5-methyl-3-hexyn-2-01): nmr 

CH,), 2.56 [m, 1, J = 6.5 and 1.5 Hz, CH(CHI)g], 4.51 [m,, 1, 
J = 6.5 and 1.5 Ha, CH(OH)CHa], and 3.4 ppm (s, 1, position 
concentration dependent, OH). L 

Oxidation of 1.-To 350 mg (3.12 mmol) of 5-methyl-3-hexyn- 
2-01 in 1 ml of acetone (redistilled over potassium permanganate) 
was added 0.8 ml of standard Jones reagent7 (solution of 26.7 g 
of chromium trioxide in 23 ml of concentrated sulfuric acid 
diluted with water to a volume of 100 ml) a t  0' over 1 hr. The 
resulting mixture was extracted four times with 50-ml portions 
of ether; combined extracts were washed once with water and 
dried overnight (MgS04). Solvent removal yielded 200 mg (58%) 
5-methyl-3-hexyn-2-one (4): nmr (CDCla) 6 1.22 [d, 6 ,  J = 6.5 
Hz, CH(CH~)Z],  2.29 (9, 3, CHa), and 2.74 ppm [m, 1, J = 6.5 
Hz, (CHa)2CH] ; 2,4-dinitrophenylhydra~one,~~ mp 110-111" 
(recrystallized from 95% ethanol) (lit.6 110-110.5'). Product 
2 (2-methyl-2,3-hexadien-5-01): nmr (CDCl,) 6 1.25 [d, 3, 
J = 6.0 Hz, CH(OH)CH3], 1.70 [d, 6, J = 3.0 Hz, =C(CHa)zl, 

(CDCla) 6 1.15 (d, 6, J 6.5 Hz, CHI), 1.40 (d, 3, J = 6 . 5 H ~  

(11) B. P. Gusev and V. F. Kucherov, I t v .  Akad. Nauk. SSSR, Ser. Khim., 

(12) H. Lux and G. Illman, Chem. Ber.,Ol, 2148 (1958). 
(13) For the general method of derivative formation, see R. L. Bhriner, 

R. C. Fuson, and D. Y. Curtin, "The Systematic Identification of Organic 
Compounds," 4th ed, John Wiley & Sons, Inc., New York, N. Y., 1956, p 
219. 

1318 (1964). 
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3.0 (s, 1, concentration dependent position, OH), 4.27 [m, 1, 
J = 6.0 and 6.0 Hz, CH(OH)CHB], and 5.11 ppm (m, 1, J = 3.0 
and 6.0 Hz. =.CH): ir (CC14)B 3613 (OH), 3352 (OH), and 1969 
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cm-1 (C=C=C). 
Anal .  Calcd for CVH120: C, 74.95; H,  10.78. Found: C, 

7530; H ,  11.02. 
Oxidation of 2 .-Oxidation of 198 mg (1.77 mmol) of 2 by the 

method described above yielded 80 mg (41 yo) of 2-methyl-2,3- 
hexadien-5-one ( 5 ) :  nmr (CDCl,) 6 1.84 [d, 6, J = 3.0 Ha, 
(CH3)?C=], 2.18 (s, 3, COCHs), and 5.60 ppm (m, 1, J = 3.0 
Ha, =CHCOCH,); ir (CDCla) 1957 (C=C=C) and 1676 cm-l 
(=C-C=O). Product 3 (2-methyl-2-hexen-4-one): nmr 

Hz, CH,), 2.14 (d, 3, J = 1.0 Hz, CHI), and 2.42 (9, 2, J = 7.0 
Hz, CH&Ha), and 6.08 ppm (9, I ,  J = 1.0 Hz, =CHCO). 
The ir spectrum was identical with that of a commercial sample. 

Registry No.-Chromous sulfate pentahydrate, 
13825-86-0; 2-methyl-3-hexyne-2,5-diol, 5111-43-3 ; 1, 
23293-50-7; 2, 2425-47-0; 3, 13905-10-7. 

(CDCla) 1.06 (t, 3, J 7.0 Hz,  CHzCHa), 1.88 (d, 3, J = 1.0 
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The valence-bond isomerizations of various sub- 
stituted 1,3-heptadienes to the corresponding bicyclo- 
[3.2.O]hept-B-enes is a well-documented reaction.lt2 
Paquette and coworkers3 extended this reaction to 
compounds containing heteroatoms when they photo- 
lyzed 2,3-dihydrooxepin and recovered the valence 
isomer 2-oxabicyclo [3.2.0]hept-6-ene (I). Paquette 
utilized the parent compound and deuterated analogs to 
unravel a number of the many coupling constants pres- 
ent in the nmr spectra of the molecule, to which un- 
usual interest had been attached. However, because of 
the long-range couplings present in the cyclobutene 
ring, the hydrogen-labeled Hj  was reported merely as a 
complex multiplet. 

In  order to elucidate the coupling constants of H5 
with H4 and €I4! and at  the same time attempt to extend 
to  the bicyclo [3.2.0]hept-B-ene system the reaction 
reported earlier,.- whereby an acetylene was photo- 
cycloadded to a cyclic vinyl ether,4 a solution of 
diphenylacetylene ig 2-methyl-4,5-dihydrofuran was 
photolyzed at, 2537 A. At the end of 24 hr, only one 
product and no diphenylacetylene could be detected by 
glpc. The product isolated by column chromatography 
was identified as l-methyl-6,7-diphenyl-2-oxabicyclo- 
[3.2.0]hept-6-ene (11) based on spectral evidence pre- 
sented in the Experimental Section. 

(1) 0. L. Chapman, D. J. Pasto, G. W. Borden, and A .  A.  Griswold, J .  

(2) 0. L. Chapman and G. W. Borden, J .  Org,  Chem., 26, 4195 (1961). 
(3) L. A. Paquette, J. H. Barrett, R .  P. Spitz, and R.  Pitoher, J. Amer. 

(4) H .  M .  Rosanberg and P .  Serv6, J .  Ora. Chem., 88, 1653 (1968). 

Amer. Chem. Soc., 84, 1220 (1962). 

Chem. Soc.. 87,3417 (1965). 

Because of the substitution pattern on 11, all the 
cyclobutene couplings with Hs are eliminated, and H, 
can couple its spin only with H4 and H4'. The nmr 
spectra for I1 was correspondingly simplified and showed 
H, to be a pair of doublets with J = 3.5 and 4.0 Ha. 
This would imply that the dihedral angles between the 
planes containing the hydrogen H, and H5 and H4' and 
H5 are nearly equal and not In  the 2-oxabicyclo- 
[4.2.0]oct-7-ene system I11 the coupling constant for 

was found to be 0 Ha; this was attributed to a 
90" dihedral angle between H6-Cs and HE-Cj. 

Sensitization and quenching experiments were per- 
formed in order to gain information regarding the reac- 
tive excited species involved in the reaction between 2- 
methyl-4,5-dihydrofuran and diphenylacetylene. It 
was found that pyrene [ET = 48.7 kcal/mo16] inhibited 
the reaction between diphenylacetylene (ET = 51 kcal/ 
mol)' and 2-methyl-4,5-dihydrofuran. Equimolar con- 
centration of diphenylacetylene and quencher were 
used. Since their molar extinction coefficients are 
about equal at the excitation wavelength (log E 4.1 
at  2437 A), the quenching effect was due to triplet 
energy transfer rather than absorption of the exciting 
light by pyrene. However, the use of triphenylene 
(E, = 66.6 kcal/mol)6 as a sensitizer for the reaction 
run on a degassed sample in a Pyrex vessel a t  3500 
proved successful. The unsensitized reaction does not 
occur upon photolysis a t  this wavelength. Therefore, 
we conclude that the reaction proceeds through the 
first excited triplet state of diphenylacetylenee8 

Finally, we would like to point out that this is only 
the second reported example of cyclobutene formation 
from the photocycloaddition of an acetylene to an 
olefin which is not part of an a,@-unsaturated carbonyl 
system, and the first example of this type of photocyclo- 
addition in the bicyclo [3.2.0]hept-6-ene system. 

Experimental Section 

Melting points are uncorrected. Photolyses wece conducted in 
a Rayonet photochemical reactor a t  2537 or 3500 A as indicated. 
The infrared spectra were obtained on a Perkin-Elmer Model 
621 spectrophotometer. High resolution mass spectra were 
obtained on a CEC-21-110 instrument. Glpc were performed on 
a Varian Aerograph Model 1200 HYFI. Nmr spectra were 
taken on a Varian DP-60-IL instrument. 

Reaction of Diphenylacetylene with 2-Methyl-4,Sdihydro- 
furan.-In a quartz vessel, a solution of diphenylacetylene (4 g, 
0.022 mol) in 2-methyl-3,4-dihydrofuran (25 g, 0.3 mol) was ir- 
radiated at  2537 in a Rayonet photochemical reactor for 48 
hr. After removal of the unreacted dihydrofuran under reduced 
pressure, the remaining liquid was subjected to column chro- 
matography on alumina (80-200 mesh). Elution with petroleum 
ether (bp 30-60') gave l-methyl-6,7-diphenyl-2-oxabicyclo- 
[3.2.0]hep-6-ene: 4.8 g, 82'%; mp 52-54; parent peak 
260.1487 (C19HlBO); ir (thin film) 303.5 (aromatic CH), 2920 
(aliphatic CH), 1600, 1500 (aromatic C=C), 1090 (COC), and 
745, 690 cm-l (monosubstituted phenyl); nmr (CBDa) 6TMs 
7.5-7 (10 H,  multiplet, aromatic CH), 3.9 (2 H,  multiplet Ha, 
HI), 3.15 (1 H, 2 doublets J = 3.5, 4.0 Hz), 1.6 (3 H ,  singlet, 
CHI), 1.45 (2 H multiplet, H, and H4'). 

Registry No..-II, 23385-99-1; diphenylacetylene, 
501-65-5; 2-methyl-4,5-dihydrofuran, 1487-15-6. 

(5) F. A.  L. Onet, J .  Amer. Chem. Soc., 84, 671 (1962). 
(6) W. G. Herkstroeter, A. A. Lamola, and G .  S. Hammond, ibid., 86, 

(7) M .  Beer, J .  Chem. Phys., 26, 745 (1956). 
(8) There is evidence that the presence of oxygen is required for efficient 

generation of the triplet state of diphenylaoetylene. See R .  C. Herson and 
E. D. Owen, Chem. Commun., 153 (1967). 

453 (1965). 


