
ALLENES FROM FRAGMENTATION OF TOSYLHYDRAZONES J. Org. Chem., Vol. 3Y, No.  1, 1972 61 

4 H); nmr (CF3COOD) 4.42 (s, 4 H), 7.35 (AB, J = 9 He, 4 H), 
11.4 ppm (s, 2 H). 

Anal. Calcdfor ClzH&lNOzS: C, 53.84; H, 3.76; N, 5.23. 
Found: 
l-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine @).-The sul- 

fone 2a (500 mg) was left under vacuum (0.1 mm) and 135-138' 
overnight. The diene sublimed and was collected (300 mg, 
79%). The crystalline residue (dimer) amounted to 80 mg 
(21%). The sublimed diene was virtually pure, the only im- 
purities being traces of dimeric and polymeric material. The 300 
mg were recrystallized from ether-hexane (without excessive 
heating) to give a first crop of 110 mg (melting point not detect- 
able due t o  dimerization upon heating): v2;:OL 1600, 1500, 1100, 
900, 890, 810 cm-'; 253 mp (e 25,780), 306 (4420); nmr 

5.52 (t, J = 2 Hz, 2 H), 6.5 and 7.18 (AB, J = 9 Hz, 4 H ) ;  
nmr (CF3COOD) 4.7 (m, broad, 4 H), 5.43 (m, broad, 2 H),  
5.93 (m, broad, 2 H), 7.55 ppm (s, 4 H);  mass spectrum (50') 
Mt205,m/e 190, 168,154,138,111. 

Anal. Calcd for C1zH&lN: C, 70.08; H ,  5.88; N ,  6.81. 
Found: C, 70.18; H, 5.94; N, 6.57. 

Dimer of l-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine 6.- 
The dimer of 5 was obtained as a side product in the preparation 
of 5 (see above). By heating the sulfolene 2a for 5 min in an oil 
bath of 170", a complete conversion into crude 6 is observed (dec 
220'). Owing to very poor solubility, purification of the dimer 6 
was not feasible: nmr (CF3COOD) 6 2-2.8 (m, 6 H), 4.1 (m, 
2 H), 4.6-4.9 (m, 6 H), 5.5 (m, 2 H),  7.6 (m, 8 H); mass spec- 
trum (205') hl+ 410, m/e 204, 140, 138, 111; mass spectrum 
(300") M' 613, 410, 205, m/e 270, 242, 218, 204, 190, 140, 138, 
125,111. 

Diels-Alder Adduct with Dimethyl Acetylenedicarboxylate (7). 
-A solution of 860 mg (4.2 mmol) sublimed diene 5 and 1.5 ml 

C, 53.52; H, 3.97; N, 5.25. 

(CDC13) 6 4.05 (4, J = 2 He, 4 H), 5.05 ( 4 ,  J = 2 Hz,  2 H), 

(12 mmol) of dimethyl acetylenedicarboxylate in 10 ml of dry 
toluene was refluxed for 20 hr. After evaporation of the solvent 
the residue is crystallized from ether to give 720 mg of diester 
(mp 189-191') (50%). Recrystallization of 500 mg thereof from 
CH&12-ether gave 350 mg (mp 189-191'): v:::" 1740, 1720, 
1705, 1650, 1500, 1280, 1060,810 cm-1; 260 mp (e 24,890), 
315 (2490); nmr (CDCl,) 6 3.05 (6, 4 H), 3.76 (s, 6 H),  3.94 
(s, 4 H),  6.35 and 7.13 (AB, J = 9 Hz, 4 H). 

Anal. Calcd for C18HlsClNOI: C, 62.21; H, 5.22; N, 4.04. 
Found: 

Diels-Alder Adduct with N-Phenylmaleimide (8) .-A solution 
of 269 mg (1  mmol) of sulfone 2a and 173 mg (1 mmol) of N -  
phenylmaleimide in 2.5 ml of xylene was refluxed under nitrogen 
for 3 hr. The mixture was then cooled and diluted with some 
benzene, and the product Crystallized out: 250 mg; mp 204- 
206' (66%); v:::"' 1708, 1390, 795 cm-'; nmr (CDCla) 6 2.7 
(broad s, 4 H), 3.4 (m, 2 H), 4.04 (9, 4 H),  6.4 and 7.2 (AB, 
J = 9 Ha, 4 H), 7.4 (m, 5 H);  mass spectrum 378 (M+), 230, 
204,190,138,111. 

Anal. Calcd for CzzH19ClNzOZ: C, 69.76; H, 5.05; N, 7.34. 
Found: C,70.10; H,,5.13; N, 7.29. 

C, 62.54; H, 5.35; N,4.08. 

Registry No.-2a, 32515-66-5; 3, 32515-67-6; 4, 
32515-68-7; 5, 32515-69-8; 6, 32515-70-1; 7, 32515- 
71-2; 8, 32515-72-3. 
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Tosylhydrazones 1, 2, and 3 undergo fragmentation on treatment with 2 equiv of butyllithium tgform allenic 
alcohols 4, 5, and 6 .  Mechanistic pathways and structural restrictions on the reaction are discussed. 

We describe here the fragmentation of three a-alk- 
oxytosylhydrazones to form the related allenes. In  
each case the tosylhydrazone reacted with 2 equiv of 
butyllithium in ether-hexane to give an allenic alcohol 
in 48-58% yield, 1, 2, and 3 leading to 4, 5 ,  and 6 as 
indicated. These products were characterized by ir 

Q? - HodC=CH2 5 
N N H T ~  
2 

QNNHTS ----t +c< 
OH 

6 3 

and nmr spectroscopy; in addition, 4 was reduced 
over platinum to the saturated alcohol 7, which was 

(1) Fellow of the Alfred P. Sloan Foundation and author t o  whom cor- 
respondence should be directed. 

identical with an authentic sample.2 Excess base fa- 
vored partial isomerization of 5 to the terminal acetyl- 
ene 8, and both 1 and 3 yielded a small amount of ole- 
finic ether (9 and 10, respectively) in addition to al- 
lenes. 

h 7 HO- 8 

9 10 

Closely related transformations suggest two possi- 
ble pathways for these fragmentations. A mecha- 
nism considered3 for the base-catalyzed decomposition 
of a,P-epoxytosylhydrazones is reproduced in eq 1 and 
involves carbon-oxygen bond cleavage in the first step. 
The reaction of simple tosylhydrazones with butyl- 

(2) Authentic 7 was prepared by reaction of isopentylmagnesium bromide 
with acetone: L. R. C. Barclay and J. W. Hilchie, J .  Om. Chem., 22, 633 
(1957). 

(3) A. Eschenmoser, D. Felix, and G. Ohloff, Hele. Chim. Acta ,  50, 708 
(1967); M .  Tanabe, D. F. Crowe, R.  1,. Dehn, and G. Detre, Tetrahedron 
Lett., 3739 (1967). 
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H /:B 

I 
II I 

-C- + -C=C-Cc- + Nz + Ts- (1) 

0 

lithium, however, requires 2 equiv of base, as shown in 
eq 2, and leads to a vinyl anion which is subsequently 

H C B  

I? 

I 
I rN-Ts 

-C-C-CH- 

H 
I 

protonated to furnish the product ~ l e f i n . ~  The two 
analogous sequences for formation of allenes are given 
in eq 3 and 4; the key difference is scission of the car- 
bon-oxygen bond upon reaction of 1 (eq 3) or 2 (eq 4) 

H fZB 

N-N-Ts <I T N G s  

H rJ:B 

--t -C=C-CH- 
I (I1 

-C-C-CH- 
t l  ‘OR H I 

I 
-C=C=CH- + 

+ RO- -+ 

N2 + Ts- (3) 

I 
-C=C=CH- + Nz + RO- (4) 

equiv of butyllithium. Since treatment of 1 with a 
single equivalent of base and subsequent work-up leads 
only to recovered starting material, it is clear that 2 
equiv of base are needed for ether cleavage and that 
the pathway of eq 3 is not operative here. Without 
the ring strain of an epoxide there is insufficient driv- 
ing force for immediate elimination of alkoxide ion, 

(4) R.  H. Shapiro and M. J. Heath, J .  Aner .  Chem. Soc.,  89, 5734 (1967); 
G. Kaufman, F. Cook, H. Shechter, J. Bayless, and L. Friedman, ib id . ,  89, 
5736 (1967). 

and these a-alkoxy derivatives apparently react ac- 
cording to eq 4. 

It is known4t5 that simple tosylhydrazones fragment 
according to eq 2 only when the second mole of base 
can attack the hydrogen of a methyl or methylene 
group. The same restriction appears applicable here, 
for the tosylhydrazone of a-methoxydiisopropyl ketone 
(11) gave no allene upon exposure to butyllithium. A 
further structural restriction is that there can be no 
hydrogen on the carbon bearing the a-alkoxy group; 
the tosylhydrazones of dihydro-3 (2H)-furanone (12) 
and a-methoxydibenzyl ketone (13), for example, did 
not yield allenes. This behavior probably results from 
preferential removal of the more acidic a proton on the 
carbon bearing oxygen (eq 5 ) 6  rather than the less 

H 

H N-A-l’s N-R-TS 
01’ 2LiBu ff- cy1 (5) 

Zb-d-CH- + -C- -CH- 
I I I I 

acidic a’ proton necessary for allene formation. 
Within these restrictions this fragmentation reaction 
should provide a convenient route to allenes structur- 
ally related to 4,5, and 6. 

An attempt to generate an allene through ring open- 
ing of a cyclopropyl ketone derivative failed. Frag- 
mentation of 14 gave only l-methyl-l-vinylcyclopro- 
pane, the product expected from a simple tosylhydra- 
zone. 

0 0 

11 13 

15, R COCHB II 
N”Ts 14 16 ,R-CN 

The ketones used in this work were all previously 
known with the exception of 15, which was prepared 
by addition of methylmagnesium bromide to 2-methyl- 
tetrahydro-2-furonitrile (16)’ and subsequent hydroly- 
sis. We assume that the tosylhydrazones derived 
from these ketones are mixtures of syn and anti iso- 
mers, since they melted over rather wide ranges even 
when analytically pure. 

Experimental Section 
Materials and Equipment.-Unless otherwise noted, both ir 

and nmr spectra were obtained for carbon tetrachloride solutions, 
the former on a Perkin-Elmer 237B spectrophotometer and the 
latter on a Varian A-60 (60 MHz) nmr spectrometer. Vpc was 
carried out using a Varian Aerograph Model 700 Autoprep 
equipped with a 10 ft x 0.375 in. aluminum column packed with 
30% SE-30 on Chromosorb W and operated a t  110-135” with a 
helium carrier gas flow rate of 120 ml/min. Melting points are 
corrected. 

(5) W. G. Dauben, M. E. Lorber, N. D. Vietmeyer, R.  H. Shapiro, J. H. 

(6) For an investigation of such systems, see J. H. Robson and H. Shechter, 

(7) R. Justoni and M. Terruzzi, Cazz. Chim. Ital., 80, 259 (1950). 

Duncan, and K. Tomer, ibid. ,  90, 4762 (1968). 

ib id . ,  89, 7112 (1967). 
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Preparation of Tosylhydrazones. A.  General Procedure.- 
A solution containing equimolar quantities of ketone and p-tolu- 
enesulfonyl hydrazine in anhydrous methanol or ethanol was 
heated a t  reflux for 1-2 hr. The corresponding tosylhydrazone, 
which crystallized from solution on cooling, was isolated by fil- 
tration, dried in vacuo, and used in the next step without further 
purification. An analytical sample was prepared by recrystalli- 
zation from methanol or ethanol. These derivatives all showed 
ir absorption (CHC13) a t  approximately 3200, 1600, and 1160 
cm-1. 

B.  2,2,5,5-Tetramethyltetrahydrofuran-3-0ne Tosylhydra- 
zone (1 ) .-2,2,5,5-Tetramethyltetrahydrofuran-3-0ne~ gave a 
9470 yield of 1:  mp 169-171"; nmr (CDCl,) 6 1.23 (s), 1.25 (5) 
(12 H) ,  2.44 (9, 5 H ) ,  7.30 (d, J = 8 Ha, 2 H) ,  7.5 (br, 1 H),  7.83 
(d, J = 8 Hz, 2 H).  

Anal. Calcd for C16HzzNzOaS: C, 58.03; H,  7.15; N, 9.03. 
Found: 

C. Methyl 2-(2-Methyltetrahydrofuryl) Ketone Tosylhydra- 
zone @).-Methyl 2-(2-methyltetrahydrofuryl) ketone (15) gave 
70% of 2: mp 128-130"; nmr (CDCla) 6 1.25 (s), 1.78 (s), 1.4-2.2 
(m), 2.43 (s), 3.8 (m), 7.41 (d, J = 8 Ha), 7.6 (br, 1 H) ,  7.86 
(d, J = 8 Hz). 

Anal. Calcd for C14HzoNzOaS: C, 56.73; H, 6.80; N,  9.45. 
Found: C, 56.78; H,  6.80; N ,  9.54. 

D .  Dihydro-2,2,6,6-tetramethyl-2H-pyran-3(4H)-one Tosyl- 
hydrazone (3).-Dihydro-2,2,6,6-tetramethyl-2H-pyran-3(4H)- 
one9 gave 82% of 3: mp 151-154'; nmr (CDCl3) 6 1.13 (s, 6 H ) ,  
1.27 (s, 6 H), 1.6-2.4 (m, 4 H),  2.44 (s, 3 H),  7.28 (d, J = 8 Hz, 
2 H),  7.6 (br, 1 H), 7.83 (d, J = 8 Hz, 2 H). 

Anal. Calcd for CleHz4NzOaS: C, 59.24; H,  7.46; N, 8.64. 
Found: C, 59.38; H ,  7.52; N,  8.52. 

E. Tosylhydrazone of a-Methoxydiisopropyl Ketone ( l l) ,-  
This derivative was obtained from 11l0 in 83% yield, mp 111- 
124'. 

Anal. Calcd for C ~ S H Z ~ N Z O ~ S :  C, 57.66; H,  7.74; N, 8.97. 
Found: C, 57.75; H ,  7.66; N, 9.14. 

F. Tosylhydrazone of Dihydro-3(2H)-furanone (12).-This 
derivative was obtained from 1211 in 88% yield, mp 139-147' 
dec. 

Anal. Calcd for Cl1Hl4N~O3S: C, 51.95; H, 5.55;  N, 11.02. 
Found: C,52.01;H,5.55;N, 11.13. 

G. Tosylhydrazone of a-Methoxydibenzyl Ketone (13)- 
This derivative was prepared from 13,12 mp 100-104°. 

Anal. Calcd for C Z ~ H Z ~ N Z O ~ S :  C, 67.63; H,  5.92; N,  6.86. 
Found: C, 67.63; H,  5-90; N,  6.88. 

H .  Methyl 1-( 1-Methylcyclopropyl) Ketone Tosylhydrazone 
(14).-This derivative was obtained from the commercially avail- 
able ketone in 76Oj, yield, mp 138-141'. 

Anal. Calcd for CiaHisNzOzS: C, 58.62; H, 6.81; N, 10.52. 
Found: C, 58.88; H, 6.80; N,  10.54. 

Reaction of Tosylhydrazones with n-Butyllithium. A. Gen- 
eral Procedure .-A slurry of tosylhydrazone in ether (10 ml/g) was 
stirred a t  25' under nitrogen and 2.5-3.0 equiv of a 2.55 M solu- 
tion of n-butyllithium in hexane was added dropwise during a 
period of 30 min. After an additional 10 min water was added 
and the mixture was extracted with ether. The resulting ethereal 
solution was dried (NazSOd) and concentrated, and the residue 
was distilled a t  reduced pressure. When more than one product 
was present the ratio of components was determined from their 
relative vpc peak areas. Analytical samples were obtained by 
preparative vpc. 

B. Reaction of 2,2,5,5-Tetramethyltetrahydrofuran-3-one 
Tosylhydrazone (1) with n-Butyl1ithium.-Tosylhydrazone 1 
gave a $870 yield of 2,5-dimethy1-3,4-hexadien-2-01 (4): bp 57" 
(12 Torr); ir 3600, 3500-3100, 1950 cm-l; nmr 6 1.27 (s, 6 H) ,  
1.71 ( d , J  = 3 H z , 6 H ) , 2 . 2  (br, 1 H ) ,  5.10 (m, 1 H ) .  Thespec- 
tral data for 1 are in agreement with published13 values. 

The distillation forerun contained a 3% yield of 2,2,5,5-tetra- 
methyl-2,5-dihydrofuran (9):14 ir 3050 cm-l; nmr 6 1.23 (s, 12 H), 
5.55 (s, 2 H) .  

C, 58.14; H,  7.18; N, 9.10. 

(8) H. Riohet, Ann. Chim. (Paris), 8 ,  317 (1948). 
(9) I. K. Korobitsyna and K.  K.  Pivnitskii, Zh. Obshch. Khim.,  80,  4016 

(1960); J. G'en. Chem. USSR, 80, 3976 (1960). 
(IO) A. A .  Sacks and J. G .  Astor, J. Amer. Chem. Sac., 18,  3902 (1951). 
(11) J. H. S. Weiland, H. Dijkstra, and A. B .  Pik, Reel. Trau. Chim. 

(12) A. W. Fort, J .  Amer. Chem. Sac., 84, 2620 (1962). 
(13) M .  Bertrand and R.  Maurin, Bull. SOC. Chim. Fr., 2779 (1967). 
(14) N.  Lozac'h, i b i d . ,  286 (1949); 

PWS-BUS,  82, 651 (1963). 

A.  S. Zanina, S. I .  Shergina, and 
I. L. Kotlyarevskii, Zh. Prikl. Khim. (Leningrad), 86,  203 (1963). 
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C. Reaction of Methyl 2-(2-Methyltetrahydrofuryl) Ketone 
Tosylhydrazone (2) with n-Butyl1ithium.-Tosylhydraaone 2 
gave a 537, yield of distillate (bp 45', 1.0 Torr) containing two 
components in a 9: 1 ratio. The major component was identified 
as 4-methyl-4,5-hexadien-l-ol (5): ir 3625, 3500-3100, 3020, 
1940 cm-l; nmr 6 1.68 (t, J = 3 Ha), 1.2-2.3 (m) (7 H) ,  3.26 
(9, 1 H,  exchanges with DzO), 3.54 (t, J = 7 He, 2 H), 4.64 (m, 
2 H) .  

Anal. Calcd for C7HI20: C, 74.95; H,  10.78. Found: C, 
74.84; H,  10.84. 

The minor component was identified as 4-methyl-5-hexyn-l- 
01 (8): ir 3625, 3500-3100,3300,2085 cm-l; nmr 6 1.17 (d, J = 
7 He, 3 H), 1.4-1.8 (m, 4 H), 1.92 (d, J = 2.5 Ha, 1 H),  2.38 
(m, 1 H),  3.06 (br s, 1 H,  exchanges with DzO), 3.55 (t, J = 6 Ha, 
2 H). 

And.  Calcd for C~H120: C, 74.95; H,  10.78. Found: C, 
75.10; H, 10.94. 

D. Reaction of Dihydro-2,2,6,6-tetramethyl-2H-pyran-3 (4H)- 
one Tosylhydrazone (3) with n-Butyl1ithium.-Tosylhydrazone 3 
gave a 74% yield of distillate containing two components in a 2: 1 
ratio. The major component was identified as 2,6-dimethyl-4,5- 
heptadien-2-01 (6): ir 3600, 3560, 3500-3100, 1950 cm-1; nmr 
1.15 (s, 6 H) ,  1.34 (s, 1 H, exchanges with DzO). 1.68 (d. J = 3 ~. 
Hz, 6 H) ,  2.04 (d, J = 8 Ha, 2 H) ,  4.86 (m, 1 H):' 

77.03; H, 11.47. 
Anal. Calcd for CaH160: C, 77.09; H,  11.50. Found: C, 

The minor component was identified as 2,2,6,6-tetramethyl-2,- 
3-dihydropyran (10): ir 3025, 700 cm-l; nmr 6 1.16 (9, 12 H), 
1.87 (m, 2 H) ,  5.59 (br s, 2 H). 

Anal. Calcd for CsHleO: C, 77.09; H, 11.50. Found: C, 
77.06; H ,  11.55. 

E. Reaction of Methyl 1-( LMethylcyclopropyl) Ketone Tos- 
ylhydrazone (14) with n-Butyl1ithium.-Tosylhydrazone 14 gave 
l-methyl-l-vinylcyclopropane16 which was isolated by vpc: ir 
3065, 890 cm-l, nmr 0.53 (s, 4 H ) ,  1.16 (s, 3 H),  4.6-5.5 (m, 3 
H) .  There was no evidence of formation of 3-methyl-1,2-penta- 
diene. 

Methyl 2-(2-Methyltetrahydrofuryl) Ketone (15).-To 8.5 ml 
of ca. 3 M methylmagnesium bromide (ca. 1.4 equiv) in ether was 
added dropwise 2.0 g of nitrile 16' in 20 ml of ether. The result- 
ing mixture was heated a t  reflux for 1 hr and then treated with 2 
M aqueous hydrochloric acid until acidic. After being stirred 
a t  room temperature for 15 min, the reaction mixture was worked 
up with ether and water to give 1.95 g (84%) of yellow oil. This 
showed a single peak on vpc analysis. A sample was purified by 
vpc: ir 2960 (m), 2750 (m), 1720 (s), 1350 (m), 1105 (m), 1038 
cm-' (m); nmr 6 1.23 (s, 3 H), 1.4-2.4 (m), 2.10 (s) (7H),  3.85 
Im. 2 H). 
\ I -  , 

Anal. Calcd for C7Hl202: C, 65.59; H,  9.44. Found: C, 
65.45; H ,  9.54. 

Catalytic Hydrogenation of 2,5-Dimethyl-3,4-hexadien-2-01 
(4).-A solution of 0.257 g of 4 in 2.0 ml of methanol was hydro- 
genated at  1 atm over 20 mg of platinum oxide. A hydrogen 
uptake of approximately 2 mol was observed, after which the solu- 
tion was filtered and concentrated, and the residue was collected 
by preparative vpc. The major component, amounting to 60% 
of the volatile material was identified as 2,5-dimethyl-2-hexanol 
(7) by comparison of its ir and nmr spectra with those obtained 
from an authentic sample? ir 3600,3500-3100 em-'; nmr 6 0.88 
(d, J = 5 Hz, 6 H), 1.13 (9, 6 H), 1.2-1.7 (m, 5 H),  2.47 (s, 1 H,  
exchanges with DzO). 

Registry No.-1, 32319-67-8; 2, 32319-68-9; 3, 

76-9; 11 tosylhydrazone, 32319-77-0; 12 tosylhy- 
drazone, 1708-19-6; 13 tosylhydrazone, 32380-91-9; 
14, 22301-72-0; 15, 32318-87-9; l-methyl-l-vinyl- 
cyclopropane, 16906-27-7. 

32319-69-0; 4,2424-45-5; 5,32319-71-4; 6,32319-72-5; 
7, 3730-60-7; 8, 32319-74-7; 9, 32319-75-8; 10, 32319- 
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