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There would appear to be no reason why imidazole
could not attack the cyclic ester as a nucleophile. The
reason for a general base or kinetic equivalent mecha-
nism must then be that the reaction cannot readily go
forward to products when imidazole attacks as a
nucleophile. This could be due to a rapid reclosure of
the ring as in eq 5 to regenerate starting material.

O.N / ' 0\
Y O/

0
I

N NH == ON 0—C
bt ROW,
o

The mechanism might therefors change to the normally
less favorable general base pathway since the reaction
would then go directly to products. This argument
assumes that there is no great energy barrier for ring
formation. Reversibility was not detected in the
imidazole reaction with II at low concentrations of
p-nitrophenol, but in an intramolecular reaction the
effective concentration of the attacking group is greatly
increased.®

The second-order rate constant for attack of imida-
zole on bis(4-nitrophenyl) carbonate at 30° is 144 times
as large as kyy, for the cyclic carbonate at 30°, whereas
the rate constant for water catalysis is 4 times as large
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(20) W. P. Jencks, “Catalysis in Chemistry and Enzymology,” MeGraw-
Hill, New York, N. Y., 1969, p 10-13.
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at 30° for the cyclic ester as that for the noncyelic ester
at 50°. Thus, the eyclic compound, while more reactive
in the water-catalyzed reaction is much less susceptible
to imidazole catalysis, in acecord with the fact that a
normally less favorable mechanism is involved.

Five- and six-membered ring lactones having a cis
configuration are hydrolyzed with hydroxide ion
catalysis much more rapidly than are lactones having a
trans configuration or nonecyelic esters.?L2?  Facile
imidazole catalysis was observed in the hydrolysis of
the cis lactones, y-butyrolactone and §-valerolactone,??
but-imidazole catalysis of the hydrolysis of aliphatic
esters without acyl group activation can be detected as
occurring at only an extremely slow rate.?* Thus, the
reactive cis configuration is enhancing imidazole cataly-
sis of lactone hydrolysis. In the ease of carbonate ester
hydrolysis, however, as indicated in the present study,
when reversibility of ring opening is likely on steric
grounds imidazole catalysis will be less effective for
esters in the cis configuration than for analogous noncy-
clic esters.
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Certain 8 hydroxyamides having v hydrogen undergo three types of acid-catalyzed reactions; these involve
cyclodeamination, linear dehydration, and eyclodehydration to form a 8 lactone, an olefin-amide, and a & lactam,
respectively. The predominant course of reaction is dependent on the acidic medium, the temperature, and

the structure of the hydroxyamide.

hydroxyamides into lactams, but not in that of certain others.

the methods in synthesis are indicated.

Recently,? 8-hydroxyamides such as 1a were shown to
undergo cyclodehydration with cold concentrated sul-
furic acid to furnish a useful method of synthesis of
corresponding 8 lactams, which are substituted 3,4-di-
hydroisocarbostyrils. Thus, la afforded lactam 2a.
The hydroxyamides 1a and 1b are readily prepared by

Q
ceiN e ¢
CH,— (|j—— OH (CeHs)e
(CeHs),
1a, R=CH, 2a, R =CH;
b, R =C:H,

(1) (a) SBupported by the National Science Foundation. (b) Deceased,
(2) C. L. Mao, L. T. Barnish, and C. R, Hauser, J. Heterocycl. Chem., 6,
83 (1969).

The olefin~amide is evidently an intermediate in the conversion of certain

Mechanisms are suggested and the usefulness of

dilithiation of the appropriate N-substituted o-tolu-
amide with n-butyllithium followed by condensation of
the resulting dilithioamide with benzophenone.?

In the present investigation, a study was made of the
reactions and mechanisms of hydroxyamides such as
la with wvarious acidic reagents. This study pro-
mised to be of interest because of the possibility of
effecting two new types of acid-catalyzed reactions and
of determining the mechanisms of all three types of
reactions. Both new types of reaction were realized.
Thus, hydroxyamides la and 1b underwent linear
dehydration and cyclodeamination with appropriate
acidic reagents to give olefin-amides 3a and 3b and
lactone 4, respectively. Also, olefin-amide 3a under-

3) R. L. Vaulx, W. H. Puterbaugh, and C. R. Hauser, J. Org. Chem., 29,
3514 (1964).
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TaspLe I
Acip-CATALYZED REACTIONS OF §-HYDROXYAMIDES la AND 1b oR OLEFIN—~AMIDES 3a AND 3b
Hydroxyamide
Expt or Acid Reaction Reaction Yield,
no. olefin-amide reagent temp, °C time, hr Produet %
1 la HOAc 20~30 240 Lactone 4 a
2 la HOAc Reflux 4-12 Lactone 4 80-88
3 la HCI-HOAc? 20-30 4 Olefin 3a 89
4 la HOAc-H,S0,¢ 20~30 4 Olefin 3a 63
5 la HOAc-H,80, 20-30 1344 3a + 2a 754
6 la HOAc-H,80, Reflux 0.4 Lactam 2a 85
7 la BTDA- 20-30 4 Olefin 3a 41
Lactam 2a 16
8 la BTDA- Reflux 1 Lactam 2a 62
9 la H,S0, 0 2 Lactam 2a 547
10 la H,80, 20-30 2 Lactam 2a 58
11 3a HCI-HOAc? Reflux 0.5 Lactam 2a 78
12 3a HOAc-H,S80,° 20-30 168 Lactam 2a g
13 3a HOAc-H,;S0, Reflux 0.5 Lactam 2a 96
14 3a H,80, 0 2 Lactam 2a 75
15 1b HOAc Reflux 12 Lactone 4 91
16 1b HCI-HOA¢? 20-30 4 Olefin 3b 88
17 1b HOAc-H,S0.» 20~-30 4 Olefin 3b 73

¢ Lactone 4 was obtained mixed with much recovered la; the ratio was 15:85 (by nmr),
¢ Acetic acid containing a few drops of concentrated sulfuric acid.
¢ Lactam was obtained mixed with recovered olefin 3a; the ratio of 2a:3a was

chloride gas.
trifluoride-diacetic acid complex.
57:43 (by nmr).

7 Reference 2.

® Acetic acid saturated with hydrogen
¢ Ratio of 3a to 2a was 41 to 59 (by nmr). ¢ Boron

went acid-catalyzed cyclization to afford & lactam 2a. Scuemz I
The results are summarized in Table I. &u
Table I shows that hydroxyamide 1la afforded I
exclusively lactone 4 with acetic acid (expt 1 and 2), but . C—NHCH, o
produced the olefin-amide 3a and/or lactam 2a with 1a 2L, cyclization
. CHC—OH o
_CONHR (CeHy )z
X ¢ :
CH=C(C¢H;), (CeHs), further protonation
3a,R=CH;, 4 (=H,0)
b, R = CH; (”)
the stronger acids, hydrogen chloride gas or a little +H C—NHCH, . .
sulfuric acid in acetic acid (expt 4-6), boron trifluoride— 3a =—= y——;—» a
diacetic acid complex (BTDA) (expt 7 and 8), and -HT CH,C* H
concentrated sulfuric acid (expt 9 and 10). The |
effective acid with the hydrogen chloride or sulfuric (CeHs),
6

acid in acetic acid would presumably be CH;COOH,t,
and that in BTDA might be CH;COO — BF;H™,
H+-BF,0COCH;, or BF;. - Consequently, olefin—am-
ide 3a must be an intermediate in the conversion of
hydroxyamide 1a into lactam 2a by CH;COOH,* and
BTDA; the formation of olefin-amide 3a is evidently
kinetically controlled, and that of lactam 2a thermo-
dynamically controlled. Although olefin—amide 3a was
not isolated in the reaction with sulfurie acid, it was
shown to be converted into lactam 2a by this acid
(expt 14) ; therefore 3a may also be an intermediate when
this acid is employed. Insofar as studied, the results
obtained with hydroxyamide 1b are similar to those
with la (see expt 15-17, Table I).

On the basis of these results, the mechanisms repre-
sented in Scheme I are suggested. The mechanism of
cyclodeamination to form lactone 4 presumably in-
volved protonation of the oxygen at the amide group to
form cation 5, which undergoes cyclization accom-

(4) Although protonation at either the amide nitrogen or oxygen should
catalyze lactone formation, only the latter protonation is shown in Scheme I;
see A. R, Katritzky, and R. A, Y. Jones, Chem. Ind., (London), 722 (1961).

panied by elimination of methylamine.® That the
present cyclodeamination is not merely a thermal
reaction as observed previously at 180-190°% was
indicated by almost quantitative recovery of hydroxy-
amide la after refluxing it in n-amyl aleohol, which
boils 20° higher than acetic acid.

The mechanisms of the linear dehydration and the
cyclodehydration of hydroxyamide la presumably
involve protonation of the hydroxyl oxygen to form
carbonium ion 6 which may be a common intermediate
in the formations of olefin-amide 3a and lactam 2a.
Thus, carbonium ion 6 may lose a linear proton to
produce 3a or undergo cyclization accompanied by loss
of the proton on nitrogen to give 2a (see Scheme I).

That at least some of lactam 2a arises through olefin-
amide 3a was supported by loss of some deuterium on
acid-catalyzed cyclodehydration of deuteriohydroxy-
amide 9. For example, deuteriohydroxyamide 9,

(5) See C. L. Mao, I. T. Barnish, and C. R. Hauser, J. Heterocycl, Chem.,
6, 475 (1969).
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prepared from 7 through 8, underwent cyclodehydra-
tion with a little sulfuric acid in acetic acid (HOAce~
H,804) to form lactam 10, containing less deuterium
(Scheme IT). Lactam 10 was shown to retain all of its

<I CONHCH;
CH,D

ScuemE 11

@( CONHCH,
CHS

1. 2n-CH,Li
D e

2. D,0
7 8 (1.0 D/molecule)
11. 2 n-C,HLi
0 2. (CgH,),CO
CONHCH,
N—CH:  Hoac-H,s0, 3
(CeHs), reflux CH—C— O
D H |
10 (0.40 D/molecule) D (CeHy),

9 (0.75 Dfmolecule)

deuterium under such conditions. Similar results
were obtained from deuteriohydroxyamide 9 containing
1.0 D/molecule and concentrated sulfuric acid (see
Experimental Section).

Similarly, é-hydroxyamide 11, which has recently
been shown to undergo cyclodehydration with cold
sulfuric acid to form lactam 12,2 underwent linear
dehydration with a little sulfuric acid in acetic acid
(HOAc-H,80,) and cyclodeamination with acetic acid
to give olefin-amide 13 and lactone 14, respectively.
However, in contrast to olefin—amide 3a, olefin—amide
13 failed to undergo cyclization with either HOAec-
H,80, or concentrated sulfuric acid. Also, hydroxy-
amide 11 afforded only olefin—amide 13, not lactam 12,
with refluxing HOAc~-H,SO., which readily produced
the lactam from hydroxyamide 1a (see Table I).

O
CONHCH;
o
CH—C—OH (C;Hy),
GeHs  (CeHs); CeH;
1 12
0
CONHCH;,
X i
/C= C(CsHy), (CeHy),
CeHs
CeH,
13 14

Interestingly, in contrast to deuteriohydroxyamide 9,
deuteriohydroxyamide 17 underwent eyclodehydration
with cold concentrated sulfuric acid to form deuterio-
lactam 18 without loss of deuterium. This result and
the preparation of deuterichydroxyamide 17 through
deuterichydroxyamides 15 and 16 are shown in Scheme
III. The reaction of deuteriohydroxyamide 17 with
HOAc-H,S80, was not studied since only the olefin~
amide would have resulted (see above).

Two explanations for this result seem possible. One
would involve the concerted mechanism represented in
19,6 and the other the irreversible conversions of

(6) This mechanism was suggested recently in a preliminary report, see
O. L. Mao, F. E, Henoch, and C. R. Hauser, Chem. Commun., 1595 (1968).
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(ICONHCHs
C—CH;

/\

15 (1.0 D/molecule)
1. 2n-C.H,Li
2. D,0

Scueme I1I

L 2n-CH,Li
———
2. D,0

EJ(CONHCHs
CH,C:H,

CONHCH,

@CDZCGHS

16 (1.72 D/molecule)

1. 2n-CHsLi
e
2. (C4H,).CO

©( CONHCH,

CH,”~ |
D (CeHs)q

17 (0.98 D/molecule)
leso‘, 0°

N—CH,
(Cetls),
CH; D

18 (0.98 Dfmolecule)

carbonium ion 20 to deuteriolactam 18 and olefin-
amide 13.

1 1
@C—N{ICH@ C-—NHCH,
e o
C—C—OH C—C(CeH,
/ \ 2 / \ ( 6 5)‘2
C6H5 D (CGHs)Z C@H5 D

19 20

Incidentally, earbinol 21, which is related to hy-
droxyamide 11, but has no amide group, has been
reported to undergo acid-catalyzed linear dehydration
by a concerted mechanism to form olefin 22.7

(CeH;):CH-C(CeHs)e

H
21 22

(CsH)C=C(CeHs)2

Discussion

The present realization of three different types of
acid-catalyzed reactions of a single compound, a é-hy-
droxyamide, seems rather remarkable. Although two
of the three courses of reaction, those involving linear
dehydration and cyclodehydration, are both initiated
by protonation of the hydroxyl oxygen leading to
formation of a common carbonium ion, 6 and 20, the
subsequent courses of the two reactions are different.
Moreover, the linear loss of a proton from carbonium
ion 6 is reversible (see Scheme I) whereas that from
carbonium ion 20 is apparently not.

The predominant course of reaction observed with a
hydroxyamide is dependent on the acidic reagent and
temperature employed (see Table I). Although the
structure of the hydroxyamide also may be important
(compare la and 1b with 11), the present results
indicate that, at least for hydroxyamides 1a and 1b and
11, the acetic acid method is more convenient than the
earlier thermal procedure for cyclodeamination, and

(7) A. Gandini and P, H, Plesch, J. Chem. Soc., 6019 (1965).
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that the HOAc—H.SO; reagent is preferable to the
previous concentrated sulfuric acid method for eyelo-
dehydration (see Table I). Also, the HOAe-H,S0, or
HCI-HOA¢ reagent is the reagent of choice for linear
dehydration. Besides these synthetic methods, those
involved in preparations of the deuterio derivatives
should be useful.

Ezxperimental Section?®

The results of acid-catalyzed reactions of 8-hydroxyamides la
and 1b® or olefin-amides 3a and 3b are summarized in Table I.
In each case, the reaction mixture was poured into ice-~water and
the crude product was removed by filtration and recrystallized
from an appropriate solvent. The experimental details are
described below.

Cyclodeamination of 8-Hydroxyamides la and 1b.—Solutions
of 0.5-1.0-g samples of la in 10 ml of acetic acid (HOAc) were
refluxed for 4 and 12 hr to give lactone 4, mp and mmp 145-146°
(EtOH-H;0) (lit.* mp 144-144.5°), in yields of 80 and 889,
respectively.

To show that this was not a thermal cyclodeamination,® a
1.0-g sample of hydroxyamide 1a was refluxed in n-amyl aleohol
for 12 hr. There was recovered 0.95 g (959) of the original
hydroxyamide 1a.

Similarly, treatment of 1b (1.0 g) in 15 mi of HOAc gave 0.7 g
(919%) of lactone 4, mmp 144-146°.

Linear Dehydration of s-Hydroxyamides la and 1b. A.—
With Hydrogen Chloride in Acetic Acid (HCI-HOAc¢).—A 0.5-g
sample of 1a in 20 ml of HOAc saturated with dry HCI gas was
stirred at room temperature for 4 hr. The yellow solution was
worked up to give, after one recrystallization from CH,CN, 0.42
g (899%,) of olefin-amide 3a: mp 202-204°; ir 3300 (NH) and
1640 cm ™ (C==0); nmr (CDCly) § 2.85 (s, 3, CHsN) and 7.25
(m, 15, ArH),

Anal. Caled for CpH(NO: C, 84.31; H, 6.11; N, 4.47.
Found: C, 84.29; H, 6.05; N, 4.54.

Likewise, treatment of a 1.0-g sample of 1b with HCI-HOAc
at room temperature afforded 0.84 g (889;) of olefin—amide 3b,
mp 151-153°, ir 3310 (NH) and 1635 em~! (C=0).

Anal. Caled for CoH,NO: C, 86.37; H, 5.64; N, 3.73.
Found: C, 86.17; H, 5.90; N, 3.79.

B. With Acetic Acid Containing Sulfuric Acid (HOAc-
H,S0,).—A 1.0-g sample of la or 1b in 20 ml of acetic acid con-
taining a few drops of concentrated sulfuric acid (HOAc-H,S0,)
was stirred at room tempersture for 4 hr. The yellow solution
was worked up as usual to afford 0.6 g (639) of olefin-amide 3a,
mp 201-203°, or 0.7 g (739%) of olefin~amide 3b, mp 151-153°,
respectively.

C. With Boron Trifluoride-Diacetic Acid Complex (BTDA).
~~A 2.0-g sample of la was treated with 20 ml of BTDA
at room temperature for 4 hr. The amber-colored solu-
tion was poured into ice water and the aqueous mixture was
neutralized with solid NaHCO;. The crude product was removed
by filtration to give 1.5 g of yellowish solid, mp 160-180°.
Trituration of the crude produet with 20 ml of hot CH;CN left
0.8 g (41%) of insoluble olefin-amide 3a, mp 202-204°. The
hot CH,CN solution was cooled in an ice bath to give 0.31 g
(169) of lactara 2a, mp and mmp 196-198° (lit.2 mp 196-198°).

Cyclodehydration of é-Hydroxyamide la. A. With HOAc—
H,S0,—A 1.0-g sample of la in 20 ml of HOAc~H,S0, was
refluxed for 25 min. The crude product was recrystallized from
CH,CN to give 0.81 g (859) of lactam 2a.

B. With BTDA.—A 2.0-g sample of 1a in 20 ml of BTDA was
heated at reflux for 1 hr to give 1.2 g (62%) of lactam 2a, mp
196-198°.

C. With Concentrated Sulfuric Acid (H;SO,).—A 1.0-g
sample of la was slowly dissolved in 10 ml of H;80; at room
temperature. After 2 hr the orange-red solution was worked
up to give 0.52 g (85%,) of lactam 22, mp and mmp 196-198°.

(8) Melting points were taken on Thomas~Hoover capillary melting point
apparatus and are uncorrected. Ir spectra were determined on a Perkin-
Elmer Infracord Model 137 or 237 in KBr disks, Nmr spectra were obtained
with a Varian Associates A-80 spectrometer using tetramethylsilane as
internal standard, Analyses were preformed hy M-H-W Laboratories,
Garden City, Mich, n-Butyllithium was obtained from Foote Mineral Com-
pany, Exton, Pa. Tetrahydrofuran (THF) was freshly distilled from lithium
aluminum hydride.
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Similarly, treatment of la with H;SO, at 0° gave lactam 2a in
529, yield.

Cyclization of Olefin~-Amide 3a to Form Lactam 2a. A.
With HCI-HOAc.—A 0.5-g sample of 3a in 20 ml of HCI-HOAc
was refluxed for 1 hr to give 0.39 g (78%,) of lactam 4a, mp 196—
198° (CH;CN).

In another experiment, the reaction mixture was refluxed for
30 min to give a mixture of lactam 2a and the starting olefin—
amide 3a (detected by ir).

B. With HOAc-H,;80,.—A 0.3-g sample of olefin-amide 3a
in 10 ml of HOAc-H,80, was refluxed for 30 min. There was
isolated 0.29 g (969%) of lactam 2a, mp 196-198°.

C. With Concentrated Sulfuric Acid (H,S0,).—A 0.2-g
sample of 3a was slowly dissolved in 10 ml of HzSOy at 0° for 2 hr.
After recrystallization from CH;CN, there was obtained 0.15 g
(759 of lactam 2a, mmp 196-198°.

A similar result was obtained when olefin-amide 3a was
treated with HoSOy4 at room temperature.

Preparation of Deuterio Derivatives of 5-Hydroxyamides la,—
To 0.02 mol of dilithioamide, prepared from 0.02 mol of N-
methyl-o-toluamide and 0.04 mol of n-butyllithium in THF-
hexane? at 0°, was added 3 ml of deuterium oxide. After 20 min
of stirring, 100 ml of cold water was added. The layers were
separated and the crude product was recrystallized from hexane-
benzene to give deuterio compound 8 in 759, yield; the compound
contained 1.0 D/molecule by nmr.

To 0.005 mol of deuterioamide 8 in 20 ml of THF at 0°, was
added 0.011 mol of n-butyllithium in hexane and the mixture
was treated, after 30 min, with 0.005 mol of benzophenone in
10 ml of THF. The reaction mixture was worked up to give
deuteriocarbinolamide 9 in 609, yield, containing 0.75 D/
molecule.

In another experiment, deuterioamide 9, containing 1.0 D/
molecule was obtained by repeated deuteration of amide 7
followed by condensation with benzophenone.

Cyclization of 9 to Form 10. A. With HOAc-H,SO,.—A
1.0-g sample of 9 was dissolved in 20 ml of HOAc~H,;S0, and
the mixture refluxed for 20 min. The orange solution was
worked up to afford 0.56 g (609,) of lactam 10, containing 0.4
D/molecule.

B. With H,SO;,—The treatment of 0.5 g of amide 9 (1.0
D /molecule) with 10 ml of H.S0, acid at 0° for 2 hr and at 20-30°
for 0.5 hr afforded of lactam 10, (0.3-0.4 g), which contained 0.77
D/molecule and 0.50 D/molecule.

Linear Dehydration of s-Hydroxyamide 11.—A 0.4-g sample
of amide 11 was stirred with 20 ml of HOAc~H,S0, at room tem-
perature for 5 hr. The yellow mixture was worked up giving 0.3
g of crude product, mp 270-274°. After one recrystallization
from CH;CN-DMF, there was obtained 0.21 g (559,) of pure
olefin~amide 13: mp 274-275°; ir 3320 (NH) and 1630 cm™!
(C=0).

Anal. Caled for CpsHiNO: C, 86.34; H, 5.96; N, 3.60.
Found: C, 86.25; H, 6.03; N, 3.53.

In another experiment, a 0.5-g sample of amide 11 in 20 ml
of HOAc~H,80, was refluxed for 4 hr. The reaction mixture was
worked up to give 0.4 g (83%) of olefin—amide 13, mmp 273-275°.
No lactam 12 was isolated.

Attempted Cyclization of Olefin-Amide 13 to Form Lactam 12.
A, With HOAc-H;80,.—A 0.5-g sample of olefin-amide 13 was
refluxed with 20 ml of HOAe-H,S80, for 4 hr. The resulting
vellow solution was worked up to afford 0.45 g (909,) of the
starting olefin-amide 13, mmp 274-275°. None of the lactam
12 was detected (by nmr).

B. With H;SO,—A 0.5-g sample of olefin—amide 13 was
slowly dissolved in 10 ml of H,80, at 0° during 1 hr. The yellow
solution was poured onto ice water and the clear aqueous solution
was carefully neutralized with solid NaHCO;. The aqueous solu-
tion was then extracted with ether. Evaporation of the ethereal
extract gave no residue. Neither the lactam 12 nor the starting
olefin-amide 13 was isolated. Apparently, water soluble material
was formed.

Preparation of Deuterio Derivatives.—To 0.02 mol of the
dilithio derivative of &-hydroxyamide 11 in THF-hexane was
added 3 ml of deuterium oxide. After 20 min of stirring, 100 ml
of water was added to it. The layers were separated and the
crude produet was recrystallized from aqueous ethanol to give
deuterio compound 15 in 809, yield. The nmr determination
showed that this compound contained 1.0 D/molecule.

A 0.01-mol portion of deuterioamide 15 was again treated with
with n-butyllithium and followed by deuterium oxide to give
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deuterioamide 16 in 759, yield. The nmr spectrum of this com-
pound was shown to consist of 1.72 D/molecule.

To 0.005 mol of deuterioamide 16 in 20 ml of THF at 0° was
added 0.011 mol of n-butyllithium in hexane and the mixture
was treated, after 30 min, with 0.003 mol of benzophenone in
10 ml of THF. The reaction mixture was worked up to give
deuteriocarbinolamide 17 in 609, yield. This amide was shown
to contain 0.98 D/molecule.

Cyclization of 17 to Form 18.—A sample of deuteriocarbinol-
amide 17 (1.0 g) was dissolved in 5 g of H,S0, at 0° for 20 min.
The reaction mixture was poured onto ice and the solution was
made basic with NaOH. The crude product was collected and
recrystallized from CH;CN to give 0.56 g (38%,) of 18, mp 190~
192°, containing 0.98 D/molecule (by nmr). A similar result
was obtained after repeating the experiment.

Pavrson, CranpaLL, AND BUNNELL

Cyclodeamination of y-Hydroxyamide 11.—As in the case of
cyclodeamination of la, a 1.0-g sample of 11 was refluxed with 50
ml of acetic acid overnight (ca. 12 hr). The product was worked
up and recrystallized from aqueous DMF to give 0.62 g (659%)
of 3,3,4-triphenyl-3,4-dihydroisocoumarin (14), mp 265-267°,
ir 1720 em* (C==0).

Anal. Caled for CoHaeOs:
85.93; H, 5.17.

C, 86.14; H, 5.35. Found: C,

Registry No.—1a, 2594-59-4;
20141-85-9; 3a, 24097-53-8;
24097-55-0; 14, 24097-56-1.

1b, 21868-83-7; 2a,
3b, 24097-54-9; 13,

Pyrolysis of Alkenylidenecyclopropane and

Biscyclopropylidene Systems'

D. R. Pavwson,'® J. K. CranpaLy, e anp C. A. Buxnernid

Contribution No, 1856 from the Department of Chemistry, Indiana University, Bloomington, Indiana 47401
Received March 27, 1970

Pyrolysis of 1-(2-methylpropenylidene)-2,2,3,3-tetramethylcyclopropane (3) gives, in good yield, 1,2-(bis-

isopropylidene)-3,3-dimethylcyclopropane (4).

The synthesis of 1,1,2,2,5,5-hexamethylbiscyclopropylidene (15)
was accomplished by the reaction of 3 with excess methylene iodide/zinc-copper couple.

Pyrolysis of 15 at

400° in a flow pyrolysis system produces l-isopropylidene-2,2,4,4-tetramethylspiropentane (20) while at higher

temperatures 15 leads to 2,4,5-trimethyl-3-isopropylidenehexa-1,4-diene (21) as well as 0- and p-xylene,

Pyrolysis

of 1-methylene-2-isopropylidene-3,3,4,4-tetramethyleyclobutane (29) at 460° leads cleanly to triene 21. At

620° 4 gives enyne 13 as well as p-xylene and toluene,

discussed in terms of diradical intermediates.

The thermal rearrangement of methylenecyeclopro-
panes has been known for a number of years. One of
the first examples was the thermolysis of Feist's ester
which has been studied by Ettlinger.? A number of
examples have since been reported which indicate that
the rearrangement proceeds via a trimethylenemethane
diradical.? This is illustrated below for a simple case.
Gajewski* has recently looked at optically active methy-
lenecyclopropanes and concluded that, in substituted

%/=:>=/-——-%]_

methylenecyclopropanes, the intermediate is not the
planar delocalized diradical 1 but rather an orthogonal
diradical represented as 2. Consideration of these
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The mechanistic details of these transformations are

results suggests that a similar rearrangement may
obtain in more complicated methylenecyclopropyl sys-
tems. This report concerns itself with alkenylidene-
cyclopropane and biseyclopropylidene thermal chem-
istry.

A simple entry into the alkenylidenenecyclopropane
system can be effected through reaction of allenic® or
propargylict halides with teré-butoxide in the presence
of olefins. Synthesis of 3 was achieved in good yield by
reaction of 1-bromo-3-methylbuta-1,2-diene with tetra-
methylethylene. Pyrolysis of 3, carried out in a flow
system at 360° (0.1 mm), results in an almost quantita-
tive conversion to dimethylenecyclopropane 4. A

-

3 4

similar and more instructive conversion was effected by
thermolysis of alkenylidenecyclopropane 5. Three iso-
meric hydrocarbons, 6, 7, and 8 were produced. The ra-
tio of these products varies with temperature; the 6:7:8
ratio is 10:2:3 at 360° and 2:3:6 at 410°. Further-
more, pyrolysis of either 6 or 7 at 380° yields a mixture
of the three isomeric compounds. On the other hand,
8 isrecovered essentially unchanged at this temperature.
Raising the temperature to 460°, however, causes par-
tial transformation of 8 to 6 and 7. The structural
assignments of 6, 7, and 8 have been discussed pre-
viously.”
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