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linkage** and a weak-bmedium contaminating carbonyl 
band at  5.86 p. The least Contamination by carbonyl-con- 
taining materials waa noted when the xanthate was pre- 
pared by successive treatment of t-butyl alcohol with sodium 
hydride, carbon disulfide and methyl iodide in anhydrous 
ether according to the method of Roberts.1* In this case 
the band a t  5.86 p waa barely perceptible. 

Decomposition of the xanthate in a water bath at  70-80" 
gave isobutylene, identified by passage through a solution of 
acetonitrile and sulfuric acid in acetic acid which yielded 
N-t-butylacetamide, m.p. 99-100.5" (lit." map. 97-98"). 

Hydrazinolysis of S m t h y l  t-butyl zanthate. A mixture of 
78 g. of freshly prepared S-methyl t-butyl xanthate and 60 g. 
of hydrazine hydrate (100%) waa stirred a t  room tempera- 
ture for 12 hr. (spontaneous warming occurred a t  first). 
There waa added 75 ml. of methylene dichloride and the 
mixture filtered to remove 3 g. of thiocarbohydrazide," 
m.p. 166-170" dec., lit." m.p. 168" dec. The aqueous phase 
was extracted with two additional 25-ml. portions of 
methylene dichloride, the combined extracts dried (mag- 
nesium sulfate), and the solvent removed from a water 
bath (15-20') with the aid of a water aspirator (15-20 mm.). 
The residual cloudy oil amounted to 26.5 g. (37.6%). An 
immediate test of this material with an equivalent amount 
of benzaldehyde in ethanol gave a 72% yield of the b e n d  
d m W w e ,  m.p. 106407' dec., from methanol. 

Anal. Calcd. for CI~HdTNtoS: C, 60.98; H, 6.83; N, 11.86. 
Found: C, 61.14; H, 6.72; N, 11.78. 

Addition of a test portion of crude t-butyl thionocarbaaate 
to 48% aqueous hydrofluoric acid caused immediate vigorous 
gaa evolution. 

Cleavage of curbanilatea by hydrogen chloride and bromide in 
nitromethane. The solutions of hydrogen halide were pre- 
pared by passing the anhydrous gas into nitromethane 
a t  room temperature for 30 min., the concentrations being 
determined by addition of an excms of aniline to an aliquot 
and weighing the precipitated aniline hydrohalide. Cleav- 
aga were carried out by dissolving 0.005 mole of the car- 
banilate in 20 ml. of the standard hydrogen halidenitro- 
methane solution and allowing the solutions to stand a t  

(23) R. Felumb [Bull. SOC. chim. France, 890 (1957)] 
quotes the range 8.26-8.14 p for the C=S  stretching fre- 
quency in related compounds. 
(24) J. J. Ritter and P. P. Minierij J .  Am. Chem. Soc., 

70, 4045 (1948). 
(25) Identified by elemental analysis. 
(26) R. Stolle and P. E. Bowles, Ber., 41, 1099 (1908). 

room temperature for a maximum of 24 hr. The aniline 
hydrohalide WBR filtered, dried and weighed. The yield 
of aniline hydrohalide was generally in the range 60- 
95%. From the preparative point of view it is preferable to 
pass the anhydrous hydrogen halide directly into a aolution 
of the carbamate in nitromethane for several minutes. For 
example methyl N-phenylthionocarbamete waa partially 
cleaved by hydrogen chloride under these conditions. 

t-Butyl l - t ~ f y l h y d r ~ l , G d i e a r b o x y l a t e  (V). A solution of 
t-butylmagnesium chloride prepared from 6.44 g. of t-butyl 
chloride, 1.67 g. of magnesium, and 75 ml. of anhydrous 
ether was added dropwise over a period of 15 min. to a 
solution of 8 g. of t-butyl azodiformate in 75 ml. of anhydrous 
ether while cooling in an ice bath. The mixture waa stirred 
for 10 hr. and then decomposed by the addition of 60 ml. of 
saturated ammonium chloride solution followed by 100 ml. of 
water. After filtration of the two layers the ether layer waa 
allowed to evaporate spontsneously. The residual tacky 
solid (5 g., 50%) was recrystallized from nitromethane 
which gave 2.9 g. (29%) of white slightly tacky crystals, 
m.p. 119-130'. Recrystallization from low- (b.p. 60-90') 
and high-boiling (b.p. 90-120") ligroin (1:l) followed by 
nitromethane gave 2.6 g. (26%) of the pure ester, m.p. 
136-137'. 

Anal. Calcd. for C14H"N~O4: C, 58.30; H, 9.79. Found: 
C, 58.68; H, 9.82. 

t-Butylhydrazine hydrochloride. A solution of 1 g. of t-butyl 
l-tbutylhydrazo-1,2-dicarboxylate (V) in 12 ml. of nitro- 
methane was treated with a stream of anhydrous hydrogen 
chloride for 3-5 min. After cooling the mixture in an ice 
bath there was obtained 0.4 g. (92%) of the hydrochloride, 
m.p. 184-187" dec. Recrystallization from ethanokther 
raised the m.p. to 191-194" dec. There was no depression in 
melting point on admixture with an authentic samp1e.m 

P , 6 D i c a r ~ L ~ l o z y - 8 , ~ ~ ~ ~ ~ [ 8 . I . I ] ~ t b - e n e .  A 
solution of 0.66 g. of cyclopentadiene (b.p. 40-42') and 2.3 g. 
of t-butyl azodiformate in 3 ml. of benzene was allowed to 
stand a t  room temperature for 9 hr. Evaporation by means 
of a slight air draft left 2.7 g. (91.3%) of the adduct, m.p. 
101-103.5". Recrystallization from ligroin (b.p. 60-90") 
gave tiny white crystals, m.p. 104-105.5'. 

Anal. Calcd. for ClsHuN~Ol: C, 60.80; H, 8.16; N, 9.46. 
Found: C, 60.67; H, 8.29; N, 9.20. 

AMHERST, Mass. 
(27) We wish to thank Prof. P. A. S. Smith for kindly 

(28) P. A. S. Smith, J. M. Clegg, and J. Lakritz, J.  Org. 
providing a sample of t-butylhydrazine hydrochloride." 

Chem., 23, 1595 (1958). 
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Attempts to convert tetramethyl-l,3-~yclobutanedi~~ne (dimethylketene dimer, I) to a reported monoimine invariably 
led to the cleavage product, 2,2,4-trimethyl-3-oxovaleramide. This cleavage reaction also occurred with primary and second- 
ary aliphatic and alicyclic amines. Aromatic amines did not react with I to any practical degree unleea a mineral acid catalyst 
waa present, in which cme Schiff bases of I were formed. 

Wedekind and Miller treated tetramethyl-l,& 
cyclobutanedione (dimethylketene dimer, I) with 

(1) Paper 11: R. H. Hasek, R. D. Clark, and J. H. 
Chaudet, J. Org. Chem., 26, 3130 (1961). 

aqueous ammonia, at 80-130' and obtained a crys- 
talline product, m.p. 108.5', to which they assigned 
the monoimine structure IL2 The evidence for this 

(2) E. Wedekind and M. Miller, Bst., 43, 834 (1910). 
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R 
c, % H, % N, % 

R' M.P. Cslcd. Found Calcd. Found Calcd. Found 

-H -H 110-111 61.1 61.3 9 6  9 . 6  8 9  8 . 9  
-ca -H 50-51 64.8 64.9 10.3 10.4 7.6 7.3 
4 4 H B  -H 30-31 67.6 67.2 10.9 10.9 6.6 6.6 
-GHU'  -H 9445 70.3 70.1 10.4 10.5 5.9 5.8 
--CH:CHJ'THCOC&b -H 159-160 59.5 59.7 9.2 9.7 11.6 11.5 

-H 10&111 63.5 63.8 9.5 9.5 8.2 8.2 
1 68.2 68.0 10.0 9.8 6 .6  6.6 

69.4 69.4 10.2 10.0 6.2 
-ca --csE4 f 67.6 67.7 10.9 10.7 6.6 6 .4  

Cyclohexyl. Reaction product from 1 mole of tetramethyl-1,3-cyclobutmedione and 1.8 moles of ethylenediamine in 
300 ml. of bemene was treated with 3 molea of acetic acid, and refluxed to remove water azeotropically. ' Ethyl ether wed 
M solvent; it WM superior to benzene M reaction medium. B.p. 115-118' (18 mm.), ng 1.8802. B.p. 134-136' (2.1 mm.), 
nv 1.4831. f Very slow reaction (11% conversion after 3 days at 160'), b.p. 104-10S' (3 mm.), n'," 1.4585. 

--CH&H:A 

8 6 . 1  a a C H a C H : C H r  
-4HsCH&H:CH&Hr 

structure was convincing: the product was weakly 
basic, formed a monophenylhydrazone, and was 
decomposed by acids to regenerate I. Elemental 
analyses of the compound and ita phenylhydrazone 
were in excellent agreement with calculated values. 

Attempts to duplicate this work in these labora- 
tories consistently gave an addtion product of I 
and ammo~ia, csHI&O~ (HI), a crystlrlline com- 
pound melting at 110-111'. Treatment of this 
product with phenylhydrazine gave a derivative 
melting a t  67-68', in contrast to the melting point 
of 162' reported by Wedekind and Miller for the 
phenylhydrazone of the monoimine 11. 

Examination of the infrared spectrum of 111 
suggested that the compound was 2,2,4trimethyl-3- 
oxovaleramide, and this structure waa also indi- 
cated by NMR studies. The reaction product of 111 
with phenylhydrazine was identified, on the basis 
of its infrared spectrum, aa 3-isopropyl-4,4-di- 
methyl-l-phenyl-2-pyrazolin-5-one (IX), isomeric 
but not identical with the monophenylhydrazone of 
I, m.p. 122-123'. 111 reacted with hydrazine to 
form 3-iaopropy1-4,Pdimethyl-%pyrazolin-5-one 
(VIII), identical with a sample prepared from 
methyl 2,2,4trimethyl-3-oxovalerate (VI) and hy- 
drazine.' However, ad this derivative could be pre- 
pared directly by action of hydrazine on I, the 
formation from 111 provided no proof of an acyclic 
structure of 111. 

Attempts to prepare 2,2,4trimethy13+xovaler- 
amide by ammonolysis of the methyl ester VI were 
unsuccessful; similar failures have been reported,' 
although methyl 2,2dimethylacetoacetate appar- 

(3) R. H. Hssek, E. U. Elam, J. C. Martin, and R. G. 
Nations, J .  &g. chem., 26, 700 (1961). 

(4) L. L. Miller, W.D. the&, Comell Univeraity, 1937. 

111. R = I-I 

I 

NaOR IV. R = CzHa 
V. R = CsH5 

0 = C- CH (CH,) (CHJ~CHC=N 

VIII. R = H VI. R=CH3 
VII. R=Cc& IX. R=CsHS 

ently forms an amide quite readi l~.~ Ammonolysis 
of the more reactive phenyl 2,2,4trimethyl-3-0~0- 
valerate (MI) gave the amide, identical with 111, 
and thus provided a synthesis from an acyclic in- 
termediate. Additional evidence for the structure of 
I11 was its reduction by sodiuni borohydride to the 
corresponding hydroxyamide; this product was 
identical with that prepared by action of aqueous 
ammonia on the ,&lactone of 3-hydroxy-2,2,4-tri- 
methylvaleric acid. 

The cleavage of I by aliphatic and alicyclic 
amines was a general reaction, following the pattern 
of the ammonolysis reaction; representative amides 
prepared in this manner are listed in Table I. In 
general, the reaction with lower primary amines 
proceeded readily a t  moderate temperatures, but 
cleavage by secondary amines required extended 
reaction times at  higher temperatures. Pyrrolidine, 
however, reacted quite vigorously, which indicated 
that the rate of aminolysis by higher amines is 
affected by steric factors. 

The behavior of I with aromatic amines was a 
distinctly different matter. Staudinger speculated 
that I should react with aniline to form 2,2,4tri- 
methyl-3-Oxovaleranilide (V), but was not able to 

(5) H. Meyer, Ber., 39, 198 (1906). 
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confirm this by experiment.6 Mixtures of I and 
aniline, heated to 150-220', generally gave un- 
changed I and isobutyranilide. In  one instance, 
Staudinger obtained a new compound, m.p. 95-96'? 
but the analyses did not correspond to the cal- 
culated values for the ketoanilide V.? We prepared V 
by an alternate synthesis.* It melted a t  9445', 
which indicated that Staudinger probably did ob- 
tain some of this material; however, it undoubtedly 
is difficult to prepare from I. 

When a small amount of mineral acid was added 
to a toluene solution of I and aniline, the mixture 
evolved water when refluxed, and gave anils, or 
Schiff bases, of I. The monoanil (X) was a liquid, 
and the dianil (XI) was a solid, m.p. 141-142'; 
relative amounts were controlled by the molar ratio 
of aniline to I. Structures of these derivatives were 
confirmed by elemental analysis, infrared spectra, 
and by hydrogenation to the corresponding N-sub- 
stituted anilines (XI1 and XIII). 

I 

The present work offers no proof that Wedekind 
and Miller's reaction product of dimethylketene 
dimer and ammonia was not the monoimine 11. Al- 
though the melting point of our ketoamide 111, 
prepared under substantially the same conditions, 
corresponded closely to the value reported for the 
monoimine, no derivative with the melting point of 
the phenylhydrazone reported by Wedekind and 
Miller was ever isolated. Moreover, the formation 
of imines of I is not restricted to the preparation of 
Schiff bases of aromatic amines; in the presence of 
an acid catalyst (amine salt), a diimine was pre- 
pared in about 15% yield from I and cyclohexyl- 
amine. Even in this case the major reaction was 
aminolysis to N-cyclohexyl-2,2,4-trimethyl-3-oxo- 
valeramide (48y0 yield). Attempts to prepare imines 
of I with ammonia or methylamine in systems con- 
taining acidic materials were unsuccessful. 

(6) H. Staudinger and St. Bereza, Ber., 42, 4911 (1909). 
(7) H. Staudinger, Ber., 44, 521 (1911). 
(8) To be described in a later publication of this series. 

EXPERIMENTAL 

.2,9,,4-Trimtdh~~3-om&amide (111). Reaction conditions 
substantially equivalent to those employed by Wedekind 
and Miller gave poor yields.9 For example, a mixture of 100 
g. of tetramethyl-1,3-cyclobutanedione and 500 g. of 28% 
aqueous ammonia was heated in a stainless steel rocking 
autoclave for 3 hr. at loo", and then 3 hr. a t  130". The re- 
action product, a mixture of crystalline material and two 
liquid layers, was extracted with ether. Evaporation of the 
ether left 50 g. (45%) of crystalline material which, after one 
recrystalhation from ethyl acetate, melted a t  l o & l l O o .  
The product was identical (melting point of a mixture and 
infrared spectrum) with the product prepared by the follow- 
ing procedure: A slurry of 273 g. of tetramethyl-1,3-cyclo- 
butanedione and 500 ml. of benzene waa placed in a 1-1. 
stainleas steel rocking-type autoclave, and 200 ml. of anhy- 
drous ammonia was injected from a blowcase. The mixture 
was heated for 6 hr. a t  125". The autoclave waa cooled and 
vented, and the product was filtered to  give 238 g. (78%) of 
crude 2,2,4trimethyl-3-oxovaleramide, m.p. 103-108". An 
additional 18 g. was obtained by evaporation of the filtrate. 
After recrystalliation from benzene and then from water, 
the product melted at 110-111'. 

The infrared spectrum of I11 (potassium bromide pellet) 
had bands a t  2.95 and 3.15 p (primary amide N-H stretch- 
ing), a band a t  5.98 p with a shoulder a t  about 5.85 1 (C=O 
stretching), and a band at 6.15~. In chloroform solution, I11 
gave a spectrum with the bands shifted to 2.88, 2.96, 5.95, 
and 6.30 p ,  respectively. These spectra and band shifts are 
characteristic for a primary amide. 

The NMR spectru"0 showed a broad peak a t  -264 C.P.S. 
(primary amide), and a sharp peak a t  -54 c.p.8. characteris- 
tic for two equivalent methyl groups on the a-carbon atom. 
The spectrum also contained a group of peaks characteristic 
for an isopropyl group; the resonance of two equivalent 
methyl groups was split into a doublet (centered a t  -42 
c.P.B., J = 7 c.p.8.) by the tertiary proton, and the tertiary 
proton resonance was split into seven peaks (centered at 
- 122 c.p.8.) by interaction with the six methyl protons. Peak 
areas were consistent with these interpretations. 

A mixture of 50 g. of phenyl 2,2,4trimethy13-oxovaler- 
ate* and 150 g. of 2OY0 aqueous ammonia was heated in a 
rocking autoclave a t  120' for 4 hr. The product waa filtered 
and recrystallized from a mixture of ethyl alcohol and hexane 
to  give 32 g. (95%) of 2,2,4trimethyl-3-oxovaleramide, m.p. 
107-109". This product did not depress the melting point of 
that prepared from tetramethyl-1,3-cyclobutanedione and 
ammonia. 

3-Hydroxy-9,9,4-trimethylvaleram~. A suspension of 7 g. 
of 2,2,4-trimethyl-3-oxovaleramide (111, the ammonolysis 
product of I) in 100 ml. of water was heated to 50°, and a 
solution of 1 g. of sodium borohydride in 10 ml. of water was 
added. The ketoamide dissolved. The solution was allowed 
to stand for 2 hr. a t  room temperature, and excess sodium 
borohydride was decomposed by addition of 50 ml. of 
methanol. After most of the water had been evaporated on 
the steam bath, the product was recrystallized from toluene 
to give 4.6 g. (63y0) of 3-hydroxy-2,2,4trimethylvaleramide. 
m.p. 125-126'. 

Anal. Calcd. for C ~ H I ~ N O ~ :  N, 8.8. Found: N, 8.6. 
The @-lactone of 3-hydroxy-2,2,4trimethylvaleric acid 

was prepared by addition of dimethylketene to a solution of 
isobutyraldehyde in ether containing a small amount of zinc 

(9) Wedekind and Miller heated 2 g. of I with 10 g. of 
2070 aqueous ammonia in a sealed tube a t  80-100" for 3 hr., 
then 120-130" for 3 hr. They reported that the yield of 
crystalline product was nearly quantitative. 

(10) The NMR spectrum was obtained with a Varian 
Associates Model V4300B spectrometer a t  40 mc., with 
the sample dissolved in methylene chloride (15% solution). 
Chemical shifts were recorded relative to tetramethylsilane 
as an internal standard. 
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chloride.11 A 5-g. sample was stirred with 28% aqueous am- 
monia a t  room temperature and the crystalline product was 
filtered, washed, and recrystallized from toluene. The in- 
frared spectrum of the 3-hydroxy-2,2,4trimethylvaleramide, 
m.p. 124-126', was identical with that of the sodium boro- 
hydride reduction product of 111. 

Phenylhydrazine dmwatwes. A solution of 36 g. of 2,2,4- 
trimethyl-3-oxovaleramide (111) and 50 g. of phenylhydra- 
zine in 250 ml. of acetic acid was refluxed for 4 hr. and poured 
onto 3 1. of flaked ice. The crude product was filtered, dried, 
and recrystallized from aqueous ethyl alcohol solution to 
give 21.5 g. (43%) of 3-isopropyl-4,4dimethyl-l-phenyl-2- 
pyrazolin-5-one (IX), m.p. 67-68". 

Anal. Calcd. for CI~&NZO: c, 73.0; H, 7.9; N, 12.2; 0, 
7.0. Found: C, 73.1; H, 8.4; N, 11.7; 0, 7.0. 

Small amounts of tetramethyl-1,3-cyclobutanedione ( I )  
and phenylhydrazine were heated in a test tube for a few 
minutea. The mixture solidified when cooled, and was re- 
crystallized three times from aqueous ethyl alcohol solution 
to give the monophenylhydrazone of I, m.p. 122-123". 

Anal. Calcd. for ClrHlsNzO: C, 73.0; H, 7.9. Found: C, 
72.8; H, 7.6. 

The infrared spectrum of this derivative contained bands 
a t  2.9 p (N-H), 5.60 p (cyclobutanone), and 5.88 p (C=N, 
where carbon is part of a strained ring). A weak band a t  6.01 
p was also noted. The position of the carbonyl band in this 
spectrum indicated that the cyclobutane ring was intact; 
this band is absent in the spectrum of the pyrazolinone IX, 
which absorbs a t  5.86 p in this region. 

Hydrazine derivatives. A mixture of 15.7 g. of 2,2,4tri- 
methyl3-oxovaleramide (111) and 16 g. of 95% hydrazine 
was refluxed gently until evolution of ammonia ceased. The 
two-phase product was evaporated on a steam bath, and the 
crystalline residue (13.6 g., €Byo) was recrystalhied succes- 
sively from hexane, aqueous methanol solution, and hexane 
to give 3-isopropyl-4,4dimethyl-2-pyrazolinin-50ne (VIII), 
m.p. 80-81'. 

Anal. Calcd. for C8HuN~O: C, 62.3; H, 9.2. Found: C, 
62.3; H, 9.1. 

A solution of 86 g. of methyl 2,2,4trimethyl-3-oxovalerate 
(VI) in 200 ml. of benzene was placed in a 500-ml. flask 
equipped with a reflux condenser, mechanical stirrer, and 
dropping funnel. After 31 g. of 95% hydrazine had been 
added slowly, the mixture was refluxed overnight. The prod- 
uct was cooled, the lower layer (10 ml.) was discarded, and 
the organic layer was washed with water. Crystals separated 
during this operation, and the product was heated on a 
steam bath to evaporate the benzene. The crude pyrazolinone 
VI11 weighed 74 g. (96%). It was recrystallized from a mix- 
ture of benzene and hexane ( 1  :3) to give a product melting 
a t  79-80'. 

Anal. Calcd. for C~HIIN~O: C, 62.3; H, 9.2. Found: C, 
62.4; H, 9.1. 

A solution of 70 g. of tetramethyl-l,3-~yclobutanedione in 
200 ml. of benzene was warmed to 55', and 32 g. of 95% 
hydrazine w&s added cautiously while the mixture was stirred. 
The reaction became vigorous enough to boil the benzene 
and was moderated by a cold water bath. After 1.5 hr., the 
mixture separated into two layers. The organic layer was 
washed with water, and the crystalline product which 
separated during this operation was filtered and recrystal- 
lized from water to give 47.5 g. of VIII, m.p. 77-78'. The 
melting point was unchanged by a second recrystallization 
from water. Additional product (18 g.) was obtained from 
the benzene filtrate. 

Anal. Calcd. for CSHI~NZO: c, 62.3; H, 9.2; N, 18.2. 
Found: C, 62.3; H, 9.2; N, 18.2. 

The infrared spectrum of VI11 (KBr pellet) showed bands 
a t  3.15 p (N-H stretching) and 5.87 p ( C 4  stretching). 

The pyrazolinone VI11 apparently crystallizes from water 
as a hydrate. An air-dried sample (from water) melted below 
65' when placed on a melting-point block preheated to this 

(11) H. E. Zaugg, Org. Reudiona, 8, 313 (1954). 

temperature; when heated slowly, it melted sharply at 79- 
81'. The sample, containing 11.70/, water (calcd. for VII1.- 
HzO: 1O.4y0 HzO), was dried effectively in a vacuum oven 
at  50' or by recrystallization from a benzene-hexane mix- 
ture. The anhydrous material did not melt below 80' on a 
preheated block. Hydrate formation was evidently respon- 
sible for the crystallization noted when benzene solutions of 
VI11 were washed with water. 

Aminolysis products of tetramethyl-i,S-cyelobutanedione. 
A .  N-Ethyl-2,2,,CtrimethyL3+xw&amide. Seventy grams 
of tetramethyl-l13-cyclobutanedione was added to a solu- 
tion of 45 g. of ethylamine in 200 ml. of benzene; the dione 
dissolved rapidly, but with no apparent heat of reaction. 
After standing overnight, the solution was heated on a 
steam bath to remove excess amine and solvent. The residue 
waa recrystallized twice from pentane to give 75 g. (81%) of 
N-ethyl-2,2,4trimethyl-3-oxovaleramide, m.p. 50-51'. 

B. i - ( 2 , 2 , ~ - T r i m e t h y ~ - o x ~ ~ y l ) p y r r o l i d i n e .  Tetra- 
methyl-1,3-cyclobutanedione (140 g.) was added slowly with 
stirring to 71 g. of pyrrolidine. The exothermic reaction was 
kept at  35' by use of a water bath. After addition was com- 
plete, the mixture was refluxed; the liquid temperature rose 
from 105" to 160' in 2 hr. The solution was then maintained 
a t  150' for 8 hr. Examination by gas chromatography showed 
that the reaction was virtually complete. Distillation of the 
product through an IS-in. packed column gave 183 g. (86%) 
of 1-(2,2,4-trimethyl-3-oxovaleryl)pyrrolidine1 b.p. 115- 
118' (1.8 mm.), ny 1.4802. 

C. 1 - ( 2 , ~ , , C T r i m e t h y l - 3 - o x w ~ y l ) p i p ~ i d i ~ .  A mixture of 
140 g. of tetramethyl-l,3-~yclobutanedione and 85 g. of 
piperidine was refluxed with stirring. Over a period of 27 hr., 
the liquid temperature rose from 120' to 160". The solution 
was heated a t  150-155' for an additional 24 hr. Distillation 
through an 18-in. packed column gave unconverted piperi- 
dine and tetramethyl-1,3-cyclobutanedione and then 169 g. 
(75% conversion) of 1-( 2,2,4-trimethy1-3-oxovaleryl)piperi- 
dine, b.p. 134136' (2.1 mm.), n v  1.4831. 

D. N,N'-Dicyc2Ohezyl-2,2,~,4-tetrame~~l-i ,S-c~clo~- 
tanediimine and N - e y c ~ ~ x y G 2 , t ? , , C - t ~ ~ + ~ ~ a ~ -  
amide. A mixture of 100 g. of cyclohexylamine, 70 g. of tetra- 
methyl-l,3-cyclobutanedione, and 5 g. of p-toluenesulfonic 
acid in 100 ml. of toluene wm refluxed under a Dean-Stark 
trap for 24 hr. Approximately 8 ml. of water was collected in 
the trap. Distillation of the reaction product gave, after re- 
moval of toluene and unchanged cyclohexylamine, 94 g. of 
product boiling at  170-183" (15 mm.). The distillate solidified 
on cooling, m.p. 87-138'. It wm recrystallized from acetoni- 
trile to give 22 g. (14.6%) of N,N'-dicyclohexylS,2,4,4tetra- 
methyl-l,3-cyclobutanediimine1 m.p. 145-151 '. A second 
recrystallization from aqueous ethyl alcohol soition gave a 
pure sample, m.p. 152'. 

Anal. Calcd. for C ~ H U N ~ :  C, 79.4; H, 11.3; N, 9.3. Found: 
C, 79.5; 79.3; H, 11.2, 11.1; N, 9.2. 

The infrared spectrum of this compound contained a single 
strong band at  5.98 w (C=N stretching). 

Evaporation of the acetonitrile mother liquor gave 56.6 g. 
(48%) of crude N-cyclohexyl-2,2,4trimethyl-3-oxovaler- 
amide, m.p. 91-110'. After recrystallization from aqueous 
ethyl alcohol solution a sample melted at  92-96'. 

Anal. Calcd. for C1dHsN02: N, 5.9. Found: N, 6.1. 
The infrared spectrum was identical with that of a sample, 

m.p. 94-95', prepared by warming a mixture of cyclohexyl- 
amine and totramethyl-l,3-cyclobutanedione in the absence 
of an acidic catalyst. The infrared spectrum showed bands 
a t  3.0 p (N-H), 5.85 p (ketone carbonyl), and 6.15 p 
(amide carbonyl). 

.2,t?,4,4-TetramethyLS-phenyliminocyclobtanone (X). A 
solut'on of 280 g. of tetramethyl-l,3-~yclobutanedione, 186 
g. of aniline, and 3 g. of p-toluenesulfonic acid in 700 ml. of 
toluene was refluxed through a 10-in. packed column 
equipped with a Dean-Stark trap. The theoretical amount of 
water (36 ml.) was collected in 6 hr. The reaction solution was 
washed with sodium bicarbonate solution and with water, 
dried over magnesium sulfate, and filtered. Distillation 
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through an 18-in. packed column gave unchanged tetra- 
mathylcyclobutanedione and 263 g. (61%) of 2,2,4,4tetra- 
metnyl-3-phenyliminocyclobutanone (X), b.p. 124-125' 
(7 mm.), nF 1.5165. 

Anal. Calcd. for G4H"NO: C, 78.1; H, 8.0; N, 6.5. 
Found: C, 77.8; H, 7.9; N, 6.4. 

The infrared spectrum had bands a t  5.55 p (cyclobuta- 
none) and 5.9 p (C==N, where carbon ia part of strained ring). 

The distillation reaidue (98 g.) crystallized on cooling. 
After recrystalhation from ethyl alcohol, 81 g. (28%) of 
2,2,4,4-tet"thyl-N,N'4iphenyl- 1 ,3-cyclobutanediimineJ 
m.p. 140-142', was recovered. 

a#,.# ,4-T&wwihyLNJN'-diphyLl ,scydobuhnedimine 
(XI). A solution of 140 g. of tetramethyl-1,3-cyclobutane- 
dione, 232.5 g. of &e, and 5 g. of p-toluenesulfonic acid 
in 700 ml. of toluene was refluxed through a 10-in. packed 
column equipped with a Dean4tark trap. The theoretical 
amount of water (36 ml.) was collected in 8 hr. The reaction 
solution was washed with sodium bicarbonate solution and 
with water, dried over magndum d a t e ,  filtered, and evap- 
orated on the steam bath. The reaidual slurry of cryatale 
was filtered and the crystals were washed with cold hexane. 
The crude product, 221 g. (76%), melted at  137-140'. An 
analytical sample, prepared by two successive recryetalliria- 
tions from ethyl alcohol, melted a t  141-142'. 

Anal. Calcd. for CPHPN,: C, 82.7; H, 7.6; N, 9.7. Found: 
C, 82.6, H, 7.4; N, 9.6. 

The infrared spectrum contained a doublet a t  5.9 and 5.95 
p indicative of C==N (carbon in atrained ring). 

! ? - A n d i n o - 8 , ~ , ~ , 4 & m d y ~ ~ l  ( X I ) .  A solution 
of 100 g. of 2,2,4,4-tetram&yl-3-phe11yiiminocyclobutanone 
(X) in 300 ml. of ethyl alcohol was hydrogenated over 20 g. 
of copper chromite (Harshaw Chemical Company Cu-1106 
P) catalyst in a rocking autoclave for 4 hr. a t  175' and under 
M)oo p.8.i. pressure of hydrogen. The hydrogenation mixture 
was filtered to remove the catalyst, and the filtrate was 
distilled through an IS-in. packed column to give 9.4 g. of 

anilino-2,2,4,4-te~amethylcyclobutanolJ b.p. 131-132O (1.5 
forem, b.p. 122139' (3 mm.), and 76.0 g. (75%) of 3- 

mm.). The matmrial solidified slowly on standing a t  room 
tamperature. 

A d .  Calcd, for G&NO: C, 76.7; H, 9.7; N, 6.4; neut. 
equiv., 219. Found: C, 76.7; H, 9.8; N, 6.4; neut. equiv., 219. 

The infrared Bpectrum of this product, compared with that 
of the starting material, showed complete removal of absorp- 
tion a t  5.55 p (M) and 5.9 p (C=N). A new doublet 
(N-H and -OH) appeared a t  2.8 and 2.9 p. 

(XHI). A solution of 30 g. of 2,2,4,4-tet"ethyl-N,Nf- 
dipheny1-lJ3-cyclobutanedkkie (XI) in 75 ml. of b e n e  
was hydrogenated in a rocking autoclave over 5 g. of h e y  
nickel catalyst a t  100' and under 1500 p s i  preesure of 
hydrogen for 2 hr. The product was filtered and evaporated 
on the steam bath to 30 g. of Viecoua reaidue, which slowly 
c r y s t d h d .  The infrared apeetrum of th ia crude 2,544- 
tetramethyl-N,Ntdiphenyl-lJ3-cyclobutanediamine showed 
complete disappearance of the doublet a t  6.9 and 5.95 p 
(QN) and appearance of a new band a t  2.9 p (N-H). 
The crude product was purilied by " y t a l h a t i o n  from 
petroleum ether and then from ethyl alcohol; 10.7 g. was 
recovered, m.p. 109-111". 

A d .  Calcd. for GH&: C, 81.6; H, 8.9; N, 9.5; neut. 
equiv., 147. Found: C, 81.4; H, 9.0; N, 9.5; neut. equiv. 
(titration with perchloric acid), 146. 

The &due from the "yahba tions was a viscous oil 
that continued to c r p t a k e  very slowly. Presumsbly, the 
hydrogenation product was a mixture of cis and tram ia0- 
mers. 
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Dihydroisocoumarins. I. Synthesis of 3,4-Dihydro-7,8-dimetho~oumarin 

PRATUL KUMAR BANERJEE AND D. N. CHAUDHURY 
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3,4Dimethoxy-Zaminophonethyl alcohol (IV) was preparcd by the reduction of methyl Znitrohomoveratrate successively 
with lithium aluminum hydride and sodium dithionite. In an alternative procedure, the reduction of Znitrohomoveratroyl 
chloride with sodium borohydride followed by sodium dithionite gave IV. On diazotization, Ssndmeyer reaction and hy- 
drolysis, IV aftorded 3 ,4-dihydrc+7,&dimetho~oco~ (VI. 

Intereat in the chemistry of the dihydroiso- 
coumanns, without any substituent in the lactone 
ring, stems from the studies in this laboratory, of 
the naturally occurring glucoside, blepherin,' 
which has been shown to be the first dihydrofurano- 
dihydroisocoumarin to be detected in nature. 
Before attempting to synthesize the natural product 
it wm thought desirable to synthesize a series of 
dimethoxydihydroisocoumarins having no substit- 
uent in the. lactone ring and to compare their 
properties with those of the blepherigenin dimethyl 

ether.' The limited number of synthetic dihydro- 
isocommrins reported in the literature have sub- 
stituents in the lactone ring.' However, an obvious 
analogy with the use of 1-(2-amino-3-methoxy- 
pheny1)propan-2-01 by Blair and Kewbold2 in 
the synthesis of 3,4-dihydro-&methoxy-3-methyl- 
isocoumarin suggested 3,4-dimethoxy-2-amino- 
phenethyl alcohol (IV) as an intermediate from 
which it was possible to achieve the synthesis of 
3,4-dihydro-7 ,8dimethox~coumarin (V). 

(1)  D. N. Chaudhury, J .  Indian. Chem. Soc., 35, 612 
(1958). 

(2) J. Blair and G. T. Newbold, J .  Chem. Soc., 2871 
(1955). 


