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The alkylation of the pyrrolidine enamines derived from cyclohexanone and cyclopentanone with t-propargylic

chlorides produced, after hydrolysis, the corresponding 2-t-alkylated cycloalkanones.

The alkylation was cata-

lyzed by cuprous chloride and the yields depended not only on the substrates used but also on the reaction tem-

perature, solvent polarity, and the presence or absence of a basic nonalkylatable amine.

2-(1,1-Dimethylpro-

pargyl)eyclopentanone (1) formed the expected products following hydrogenation, hydration, oxidative coupling,

and sodium borohydride reduction.
with ammonia and hydrazine.

It is now well known that t-propargylic chlorides,
RR2C(Cl)—C==CH, react in basic media to produce
zwitterion carbene intermediates which behave either as
ambident electrophiles or as carbenes.’® Tertiary
amines have been found to produce i-propargylic and/or
allenic quaternary ammonium chlorides depending on
both the t-chloride and the amine used.®* Enamines,*
which are known to react both as ambident nucleo-
philes and as carbene acceptors,® constitute a special
class of tertiary amines whose reactions with f~propar-
gylic chlorides have not been studied previously.

The pyrrolidine enamines derived from eyclohexa-
none and cyclopentanone were successfully alkylated
with a variety of i-propargylic chlorides to produee,
following hydrolysis, the corresponding 2-t-alkynyl-
cyclohexanones and -cyclopentanones. The optimum
reaction conditions, determined for the alkylation of
1-pyrrolidino-1-cyclopentene with 3-chloro-3-methyl-1-
butyre, consisted of dropwise addition of a slight excess
of t-chloride to a cold (—10 to —15°) solution of en-
amine, triethylamine, and a trace of cuprous chloride
in dimethylformamide (DMF) solvent maintained
under a nitrogen atmosphere. Hydrolysis concomitant
with steam distillation gave 2-(1,1-dimethylpropargyl)-
eyclopentanone in 50-609, yields. The low reaction
temperature was essential to minimize HCI elimination
from the i-chloride. Alkylation was favored by use of
polar solvents (e.g., DMF) and small amounts of copper
powder or cuprous chloride proved effective as a cata-
lyst.® Triethylamine was used to neutralize the hy-
drogen chloride liberated in the reaction, thus prevent-
ing the consumption of a second mole of the parent
enamine,

The reactions of a variety of enamines and ¢-propar-
gylic chlorides were studied to determine the scope and
limitations of the alkylation. The reactions employing
enamines derived from pyrrolidine gave yields higher
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vances in Organic Chemistry,” Vol. 4, E. C. Taylor, Ed., Interscience, New
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The hydration product formed novel heterocyclic compounds by reactions

Tasre 1
2-(1,1-DIALKYLPROPARGYL)CYCLOALKANONES

(CHy)~—CO—CH—CRIR*—(C=CH

Yield,
Compd n R1 R? % Bp, °C (mm) n®¥p
1 3 CH; CH;, 53 64 (2.2) 1.4642
2 4 CH;, CH; 17 77-79 (3) 1.4742
3 3 —(CH,)s~ 33 93-97 (0.5) 1.4986
4 4 —(CHa)s- 9 85-86 (0.1) 1.5050
5 3 CH, C.H; 23 63-64 (0.3) 1.4698
6 4 CH, C.H; 8 47-48 (0.1) 1.4800
7 3 C.H; C.H; 12 55-56 (0.2) 1.4745
8 3 H H 36 58 (2.2) 1.4700

than those employing enamines derived from piperi-
dine. This observation, previously seen by Stork,” has
been rationalized on the basis of Brown’s observation®
that the formation of a trigonal carbon is more facile in
five-membered than in six-membered rings. Since the
transition state for C-alkylation involves the formation
of a trigonal nitrogen, enamines in which the nitrogen is
contained in a five-membered ring should be more re-
active than enamines in which the nitrogen is in a six-
membered ring. It was also found that enamines
formed from eyclopentanone gave consistently higher
yields than those from enamines formed from cyclo-
hexanone. This result can also be explained on the
basis of Brown’s observation. The alkylation of en-
amines derived from mono- and disubstituted acetal-
dehydes was unsatisfactory since these reactions always
gave complex mixtures of products in poor yields.

The vield data obtained by variation of the t-propar-
gylic chloride paralleled earlier amine alkylation re-
sults.®® As the steric bulk of the groups attached to
the tertiary carbon was increased, the yields of the
alkylated products were sharply reduced. Table I
lists the yields and the physical properties of the 2-¢-
alkylated ketones prepared in this work.

-

H,0
((I:\CH + RRIC(CHO=CH — —>
(CHY, 0
ll}
( TNCHCRIR:C==CH
CHYY

(7) G. 8tork, A, Brizzolara, H. Landesman, J, 8zmuszkovicz, and R, Ter«
rell, ibid., 85, 207 (1963).
(8) H.C. Brown, J. Chem, Soc., 1248 (1956).
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TabLe I1
DERIVATIVES OF 2-(1,1-DIALKYLPROPARGYL )CYCLOALKANONES
% C . Gy H—ny - % N
Deriv? Mp, °C Formula Caled Found Caled Found Caled Found
18c 189-190 CuHuN:0 63.74 63.95 8.27 8.53 20.27 20.49
1Ph 174-176 C1eH1sN:Oy 58.17 58.25 5.49 5.71 16.96 17.21
1 0x 85-86 CpHisNO 72.69 72.45 9.15 8.94 8.48 8.28
2 Ph 140-142 CirHzoN,O4 59.29 59.15 5.85 6.05 16.27 16.32
3 8¢ 196-197 C1Ha N0 67.99 68.05 8.56 8.38 16.99 16.86
3 Ph 162-164 C1oH2N,O, 61.61 61.73 5.99 5.95 15.13 15.14
4 Sc 194-196 C1:Ha N3O0 68.93 68.97 8.87 9.02 16.08 16.24
5 Se 176-177 C;:Hi:N;0 65.13 65.39 8.65 8.566 18.99 19.23
5Ph 169-170 CuHN Oy 59.29 59.27 5.85 5.77 16.27 16.37
6 Se 146-148 CisHaN;O 66.35 66.12 8.99 8.76 17.86 17.80
6 Ph 150-151 CisHesN.Oy 60.32 60.59 6.19 6.26 15.63 15.83
7 Sc 156-157 CiHaN;O 66.35 66.09 8.99 9.01 17.86 18.03
7 Ph 159-160 C1sH2N,O, 60.32 60.34 6.19 6.28 15.63 15.85
8 Ph 131-132 CuH N0y 55.63 55.77 4.67 4.56 18.53 18.61

e 8¢ = semicarbazone;

Ph = 2,4-dinitrophenylhydrazone; Ox = oxime,

ScueEME I
REACTIONS OF 2-(1,1-DIMETHYLPROPARGYL)CYCLOPENTANONE

IrlI H
Nun~H 1. N;Hq~HOAc N Ol
2. Hy~P
CH, i CH,
H,C CH, CHa
18
Hz—Pt
}|\c
NN 1. N,H, C(CH,),COCH, _NE
|| 2. Ac0 “HOAD)
CH, H;
14
H;;C CHG
7 HO I(Hg“; HY)
0 0
% ,C(CHy),Ce=(C 0, % ~CCH).C=CH _H-Ni _ iL CsHyu ()
(CuCl)
2
12 9
Na.B}L l aBH,
0
CeH:CH C(CHy),C==CH Celi;CHO C(CH,),C==CH _HeNi CsHyi(2)
(OH")
13

The structures of the alkylated products were estab-
lished by ir and nmr spectroscopy (see Experimental
Section), by the analysis of erystalline carbonyl deriva-
tives (see Table 1I), and by a variety of chemical reac-
tions characteristic of ketones and terminal ethynyl
groups. Furthermore, the dialkylpropargyl moiety
was firmly established to be in the position a to the
carbonyl by several ring closure reactions (see below).

The reactions of the 2-t-alkylated cyecloalkanones

were then studied using 2-(1,1-dimethylpropargyl)-
cyclopentanone (1) as a model. A summary of its
reactions is presented in Scheme I. The propargylic
ketone 1 displayed reactivity typical of acetylenic com-
pounds. Hydration, hydrogenation, and oxidative
coupling produced the normal 1,4 diketone 14, satu-

rated ketone 9, and conjugated diyne 12 (as a mixture
of diastereoisomers), respectively.

All the ketones reacted with 2,4-dinitrophenylhydra-
zine and semicarbazide in the typical manner. There
was no evidence of any subsequent cyclization of the
derivatives into the triple bond. Furthermore, ketone
1 formed the normal oxime derivative which could not
be thermally cyclized by prolonged heating above its
melting point. The reaction of 1 with benzaldehyde
produced the normal benzal derivative 13. There was
no evidence of any product formed by reaction through
the acetylide anion.

Ketone 1 was reduced by sodium borohydride to a
mixture of cis- and trans-2-(1,1-dimethylpropargyl)-
cyclopentanols (11). The cis/trans ratio could not be
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obtained directly by glpe of the reaction mixture owing
to the facile cyclization of the cis alcohol to form a vinyl
ether, However, hydrogenation to the saturated alco-
hols prior to glpe analysis allowed the cis/frans ratio to
be obtained. The reaction product (11) on glpe analy-
sis produced three fractions identified as vinyl ether (19),
a mixture of 19 and eis aleohol, and trans aleohol, re-

H OH

N C(CHp,C==CH __,

cis

spectively. The ir of 19 exhibited bands at 3120 cm—!
and 1665 and 1595 em ! typical of the >C=CH, and
—-0—C=CH, groups, respectively. The nmr displayed
twin singlets at 1.1 and 1.2 ppm (anisochronous
(CH;),C group), an AX pattern at 3.6 and 4.0 ppm
(J/ = 1.5 Hz, -0—C=CH,), and a broad multiplet
centered at 4.75 ppm (~CH—O-). The vinyl ether
should have only cis-ring fusion and was, therefore,
assigned structure 19. The isolation and the identifi-
cation of 19, coupled with the observations that the
second fraction contained 19 in a mixture with its alco-
hal precursor and that the third fraction contained the
noncyclizing aleohol, firmly established that the cis
alecohol had the shorter retention time. This assign-
ment of the structures was further substantiated by the
nmr of the respective isomers. Though the c¢is isomer
could not be obtained pure, a comparison of the nmr of
the pure trans isomer with that of the original reduction
product allowed an assignment of the cis peaks. The
important feature of the spectra was the relative posi-
tions of the hydroxyl proton resonances. Sinee hydro-
gen bonding is known to cause a downfield shift of the
proton resonance,” the trans hydroxyl proton, as ex-
pected, appeared at a significantly lower field than the
cis proton [e.g., 3.9 ppm (frans) vs. 2.8 ppm (cis)]. The
saturated alcohols exhibited the same trends in both
retention times and nmr. Thus, cis-2-t-amyleyclo-
pentanol had the shorter retention time and its hy-
droxyl proton resonance appeared at a considerably
higher field than that of its trans isomer [e.g., 2.77 ppm
(e1s) vs. ca. 3.5 ppm (trans) .
2-Propargylcyclopentanone (8) was likewise re-
duced. However, no attempts were made to isolate
and separate the cis- and {rans-2-propargyleyclopenta-
nols. Instead, the reduction product was hydrogenated
and the 2-propyleyclopentanols were separated and
identified. In addition, the saturated ketones were
reduced and the cis/trans ratios were determined by

cis trans

glpe. Table IIT lists the product ratios for the reduc-
tions studied. It is worth noting that the ketones
bearing the bulkiest groups (e.g., dimethylpropargyl
and t-amyl) produce the cis isomer preferentially,
whereas those ketones bearing relatively small groups

(9) I. V. Aleksandrov, “The Theory of Nuclear Magnetic Resonance,’’
Academic Press, New York, N. Y., 1966, p 149.
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Tasre IIT

Propucr RaTros FOR THE SoDIUM BOROHYDRIDE
RepUCTIONS OF SELECTED 2-SUBSTITUTED CYCLOPENTANONES

————Cyclopentanol———

R %% cis % trans
~C(CH;),C=CH 69 31
-C(CH;),CH,—CHjs 61 39
-CH,C=CH 34 66
-CH,CH,—CH; 28 72
~CHjs 26 74

e J. B. Umland and B. W, Williams, J. Org. Chem., 21, 1302
(1956).

produce the frans isomer preferentially, This result
appears to be another example of steric approach con-
trol (with bulky groups) vs. product development con-
trol (with the small groups).10

The cyclization reactions of diketone 14 with am-
monia and hydrazine were also studied. The reaction
of 14 with ammonium acetate in glacial acetic acid pro-
duced a stable solid identified as 1-hydroxy-3,4-4-tri-
methyl-2-azabicyclo[3.3.0]-2-octene (15). Hydrolysis
of 15 regenerated the starting diketone 14. The ir and
nmr spectra of 15 were consistent with the assigned
structure (see Experimental Section). The hydroxyl
group was assigned to the bridgehead carbon (carbon 1)
from the mass spectrum which displayed a strong peak
(509) at m/e 126 (P — 41) corresponding to the loss of
CH;CN. Since the nmr spectrum and the sharp melt-
ing point of the solid indicated that the produet was not
a diastereomeric pair and since the steric features favor
cts-ring fusion, the product was assigned the structure
shown below.

H (CHy,

)—CH;
N

OH
15

Heterocycle 15 was hydrogenated over platinum pro-
ducing the amine 16 formed by the saturation of the
—C==N- group and hydrogenolysis of the hydroxyl
group. Though the product could have been a mixture
of four diastereomeric pairs, the nmr spectrum indicated
that the product consisted of only two diastereomeric
pairs. This conclusion was made on the basis of the
appearance of only eight peaks due to the methyl
groups. Since each pair of diastereomers would be
expected to give rise to four peaks, a doublet for
>CHCH,; and twin singlets for (CHj;),C, had the prod-
uct been a mixture of the four possible d,l pairs, a total
of 16 peaks would have been predicted.

5 (CHy,
CH,
H
i N
"
H
16

The reaction of 14 with hydrazine in glacial acetic
acid produced an unstable oil which on distillation suf-
fered extensive decomposition and tar formation. The

(10) W. G, Dauben, G. J. Fonken, and D. 8. Noyce, J. Amer. Chem, Soc.,
78, 2579 (1956).



ALKYLATION OF ENAMINES

ir and nmr spectra of the crude distillate (bp 60-90°,
1 mm) indicated that the initial reaction product tau-
tomerized, as shown below. The ir spectrum displayed

14 + H,N——NH, —>
i
/N‘N N
| - | |
CH, CH;
H,C CH, H,C CH,

a strong band at 1605 em—! (~C==N-) and a band of
medium intensity at 1618 em=—! (C=C). The nmr
spectrum exhibited a broad peak (ca. 1, N—H) cen-
tered at 7.1 ppm, a singlet (3, CH;C=N-) at 1.87 ppm,
and a singlet [6, (CH;);C] at 1.13 ppm. The crude
product formed a stable acetyl derivative identified as
2-acetyl-4,5,5-trimethyl-2,3-diazabicyclo[4.3.0]- 1(6),3-
nonadiene (17). Hydrolysis of 17 regenerated the
starting diketone 14. The ir and nmr spectra-of 17
were consistent with the assigned structure (see Ex-
perimental Section). The original reaction mixture
(i.e., the solution of the dihydropyridazine in acetic
acid) was hydrogenated over platinum to form the
hexahydropyridazine 18.

Experimental Section

The t-propargylic chlorides were prepared as previously re-
ported !t 1-Pyrrolidino-1-cyclopentene’ and 1-pyrrolidino-1-
cyclohexene’ were prepared according to the procedure of Herr
and Heyl .1

The 2-(1,1-dialkylpropargyl)cycloalkanones listed in Table 1
were prepared according to the procedure described below.

2-(1,1-Dimethylpropargyl )cyclopentanone (1).—A solution of
68.5 g (0.5 mol) of 1l-pyrrolidine-1-cyclopentene, 76.5 g (0.75
mol) of triethylamine, and 0.5 g of cuprous chloride in 200 ml of
DMF was cooled to —10° under nitrogen and 76.5 g (0.75 mol)
of 3-chloro-3-methyl-1-butyne was added dropwise with stirring
over 4 hr. The mixture was stirred at near —10° for an addi-
tional 5 hr and allowed to warm to room temperature overnight.
Then 125 ml of 4 N hydrochloric acid was added dropwise and
the mixture was steam distilled. The distillate was extracted
with ten 50-ml portions of ether. The combined ethereal solu-
tion was washed with 50 ml of 109, hydrochloric acid, twice with
50-ml portions of water, with 50 ml of dilute sodium bicarbonate,
and finally three times with 50-ml portions of water, and then
dried over anhydrous potassium carbonate. Distillation gave
40 g (539%,) of 1: bp 64° (2.2 mm); n%p 1.4642; ir (neat) 3310
and 2118 (C=C—H) and 1735 ecm™! (C=0); nmr (CDClL) &
2.1 and 2.5-1.5 (singlet superimposed on a multiplet, 8, =C—H
and C,.H, ring protons), and 1.3 and 1.4 (s, 3 each, anisochronous
(CHa):C).

2-t-Amylcyclopentanone (9) was prepared from 15.0 g (0.1
mol) of 1 dissolved in 50 ml of absolute ethanol containing 2 g of
Raney nickel. The hydrogenation was carried out at room tem-
perature for 1 hr at an initial pressure of 36 psig. Distillation
afforded 13.4 g (87%) of 9: bp 72° (2.2 mm); n%*p 1.4523; ir
(neat) 1730 ecm~! (strong, >C==0), but no absorption at 3330
(agd 31)15 (C=C—H), 3080 and 900 (=CH,), nor 1655 cm~!

The semicarbazone had mp 177-178°.

Anal. Caled for C;;HuN;O: C, 62.53; H, 10.02; N, 19.86.
Found: C,62.80; H,9.87; N, 20.12,

The 2,4-dinitrophenylhydrazone had mp 127-129°,

Anal. Caled for CiHoN4Oy: C, 57.47; H, 6.63; N, 16.76.
Found: C,57.63; H,6.92; N, 17.02.

2-Propylcyclopentanone (9a) was prepared according to the
procedure described above. Hydrogenation of a 12.2-g (0.1

(11) (a) G. F. Hennion, J. J. Sheehan, and D. E. Maloney, J. Amer. Chem.
Soc., 72, 3542 (1950); (b) G.T. Hennion and K. W. Nelson, ibid., 79, 2142
(1957); (¢) G.F. Hennion and A, P. Boisselle, J. Org. Chem., 26, 725 (1961).

(12) M. E. Herr and F. W. Heyl, J. Amer. Chem. Soc., T4, 3627 (1952).
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mol) sample of 2-propargyleyclopentanone (8) yielded 9.56 g
(76%) of 9a: bp 60-61° (5.5 mm); »n®*p 1.4393 (lit.** bp 175-
177°; n*p 1.4382).

2-t-Amyleyclopentanol (10).—A solution of 10.0 g (0.065 mol)
of 2-i-amyleyclopentanone (9) in 20 ml of absolute ethanol was
added to a solution of 2.0 g (0.05 mol) of sodium borohydride,
0.5 ml of 109, sodium hydroxide, and 75 ml of abgolute ethanol.
The reaction mixture was refluxed for 4 hr, cooled to room tem-
perature, and then concentrated on a rotary evaporator. The
residue was hydrolyzed with 70 ml of 4 N hydrochloric acid and
extracted with ether. The extracts were washed with water,
dilute sodium bicarbonate, again with water, and dried over an-
hydrous calcium sulfate. Distillation gave 7.8 g (78%) of 10:
bp 70-72° (0.8 mm); n®Dp 1.4654; ir (neat) 3580-3330 em™!
(~-OH) but no absorption at 1730 cm ™ (C==0).

The product was shown by glpe to consist of 67% cis and 33%
trans isomer. The isomers were separated by preparative gas
chromatography (159 Hyprose on Chromosoro W at 140°%;
15 ft X 0.25 in. (OD); helium flow rate, 60 ml/min; retention
times cis 33 min, irans 44 min). The isolated isomers exhibited
the following properties: cis n%®p 1.4651; ir (neat) 3610 (w,
nonbonded -OH) and 3580-3100 e¢cm™ (bonded ~OH); nmr
(neat) & 4.17 (broad m, 1, CHOH), 2.77 (broad m, 1, -OH),
and 2.0-0.5 (overlapping m, 18); trans n%®p 1.4639; ir (neat)
3600 (w, nonbonded ~OH) and 3580-3060 cm~ (bonded —OH);
nmr (neat) & 4.4-3.3 (broad overlapping m, 2, CHOH) and 2.0~
0.4 (overlapping m, 18).

The original mixture gave a 3,5-dinitrobenzoate, mp 109.5-
111°, and the aleohol recovered by saponification was found by
glpe to consist of 949 cis and 6%, trans isomer. Crystallization
of the 3,5-dinitrobenzoate from 959, ethanol gave an analytical
sample, mp 112.5-114.5°.

Angl. Caled for CyH22N;0s: C, 58.28; H, 6.33; N, 8.00.
Found: C,58.27; H,6.35; N, 7.87.

2-Propylcyclopentanol (10a).—A 4.2-g (0.03 mol) sample of
2-propyleyclopentanone (9a) was reduced according to the pro-
cedure described above using 1.0 g (0.03 mol) of sodium boro-
hydride, 0.5 ml of 109, sodium hydroxide, and 75 ml of absolute
ethanol. Distillation gave 3.0 g (70%,) of 10a: bp 69-72° (4
mm); n%p 1.4519.

The product was shown by glpe to be a mixture of the cis
and frans alcohols. These were separated by preparative gas
chromatography and exhibited the following properties: cis
%D 1.4533 [lit.** n®p 1.4600, bp 79-80° (12 mm), lit."s »n¥p
1.4540]; ir (neat) 3610 (w, nonbonded -OH) and 3580-3060
em~! (bonded ~OH); nmr (neat) § 4.4-3.4 (broad overlapping
m, 2, CHOH) and 2.2-0.4 (broad overlapping m, 14); trans
7n%p 1.4509 [lit.1* n®p 1.4565; bp 78-79° (10 mm)]; ir (neat)
3600 (shoulder, nonbonded —OH) and 3580-3040 cm~* (bonded
—-OH); nmr (neat) § 4.7 (m, 1, -OH), 3.6 (broad m, 1, CHOH),
and 2.2-0.5 (broad overlapping m, 14).

2-(1,1-Dimethylpropargyl cyclopentanol (11).—A solution of
2.0 g (0.05 mol) of sodium borohydride, 0.5 ml of 109, sodium
hydroxide, and 15.0 g (0.1 mol) of acetylenic ketone 1 in 100 ml of
absolute ethanol was allowed to stand at room temperature over-
night. The reaction mixture was then concentrated on a rotary
evaporator. The residue was cooled in an ice bath, diluted with
50 ml of water, and hydrolyzed with 75 ml of 4 N hydrochloric
acid. The acidic solution was extracted with ether and the
extracts were washed with water, dilute sodium bicarbonate, and
again with water, and finally dried over anhydrous calcium sul-
fate. Distillation afforded 11.4 g (759%) of 11: bp 62-67°
(2.2 mm). Redistillation gave bp 61-65° (2 mm); n¥*p 1.4697;
ir (neat) 3600-3510 (-OH), 3333 and 2110 em™! (C=C—H),
but no absorption at 1730 em—* (C=0).

Hydrogenation of a 3.15-g (0.02 mol) sample of 11 with either
Raney nickel (1.5 g) or platinum oxide (0.05 g) in absolute eth-
anol gave 2.5 g (75%,) of 2-t-amylcyclopentanol (10): bp 47-48°
(0.8 mm); n2®p 1.4660; ir (neat) corresponded to a mixture of
c¢is- and {rans-2-i-amyleyclopentanol (10), described above; glpe
showed the isomer ratio to be 879, cis and 139 trans.

1,6-Di(2-ketocyclopentyl)-1,1,6,6-tetramethyl-2,4-hexadiyne
(12).—A solution of 5 g (0.03 mol) of 1 in 25 ml of absolute eth-
anol was added to a solution of 8 g (0.08 mol) of cuprous chloride,
13.2 g (0.25 mol) of ammonium chloride, 0.5 ml of concentrated
hydrochloric acid, and 40 ml of water. The solution was shaken

(13) D. N. Chatterjee, ¢bid., TT, 414 (1955).
(14) G. Vavon and J. Flurer, Bull. Soc. Chim. Fr., 48, 754 (1929),
(15) E. A. Braude and W, ¥, Forbes, J. Chem. Soc., 1755 (1951).
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mechanically (5 hr) under a slight positive oxygen pressure,
diluted with 50 ml of cold water, and filtered. The solid was
washed with 75 ml of 109, hydrochloric acid followed by 75 ml
of water to yield 4.5 g (91%), mp 103-110°. Crystallization
from 609, aqueous methanol gave 4.2 g (85%,): mp 107-117°;
ir (KBr) 1730 cm ™! (C==0); nmr (CDCl;) 5 2.5-1.5 (overlapping
m, 7) and 1.36 and 1.29 (s, 6, anisochronous (CHj3),C).

Anal. CQ:].Od for ConzeOz: C, 8050; H, 8.78, Found:
C, 80.29; H, 8.60.

2-(1,1-Dimethylpropargyl)-5-benzalacyclopentanone (13) was
prepared in the usual manner.® To a solution of 2.2 g (0.06
mol) of sodium hydroxide in 40 ml of 509, aqueous ethanol was
added 5.0 g (0.03 mol) of 1 and 5.0 g (0.05 mol) of benzaldehyde.
The yellow solid was collected and washed with water, yield 7.6
g (96%). The product was crystallized from 959, ethanol:
mp 122.5-124.5°; ir (KBr) 3330 (=C—H), 1700 (C==0), 1620
(C=C), and 764 and 690 cm ! (CeH;~); nmr (CDCl;) 8 8.0-7.5
(m, 6, olefinic and aromatic protons), 2.13 and 3.3-1.6 (singlet
superimposed on overlapping m, 6, C=C—H and C/H; ring
protons), and 1.51 and 1.44 (s, 3 each, anisochronous (CHj,).C).

Anal. Caled for C;HisO: C, 85.67; H, 7.61. Found:
C, 85.88; H,7.76.

2-(1,1-Dimethylacetonyl )cyclopentanone (14) was prepared
from an 11.25-g (0.075 mol) sample of 1 by treatment with a mix-
ture of 3.5 ml of water, 8 ml of methanol, 0.25 g of red mercurice
oxide, and 0.5 ml of concentrated sulfuric acid at 55-60° following
the procedure of Hennion and Watson.”” Distillation gave 10.15
g (819) of 14: bp 93-94° (2 mm); n2p 1.4665; ir (neat) 1740
(ring >C=0) and 1710 ecm™ (chain >C==0); nmr (CDCL) 5
2.14 and 2.7-1.4 (singlet superimposed on overlapping m, 10,
CH,CO and C.H; ring protons) and 1.19 and 1.15 (s, 3 each,
anisochronous (CH;),C).

The bis-semicarbazone had mp 222-223°.

Anal. Ca.lcd for CmngNstI C, 51.05; H, 7.85; N, 29.76.
Found: C,50.85; H,7.74; N, 20.67.

The bis-2,4-dinitrophenylhydrazone had mp 233-235° dec.

Anal, Caled for szHuNsOs: C, 50.00; H, 4.58; N, 21.20.
Found: C,50.26; H,4.74; N, 21.30.

2-(1-Acetylcyclohexyl)cyclopentanone (14a) was prepared ac-
cording to the procedure described above. The hydration of
a 14.3-g (0.075 mol) sample of 2-(1-ethynylcyclohexyl)cyclopen-
tanone (3) afforded 13.0 g (839%,) of 14a: bp 99-102° (0.05 mm);
n¥®p 1.4982; ir (neat) 1740 (ring >C==0) and 1710 cm™ (chain
>C=0).

The bis-2,4-dinitrophenylhydrazone had mp 222-223° dec.

Anal. Caled for CosHagN3sOs:  C, 52.81; H, 4.96; N, 19.71.
Found: C,52.79; H,5.00; N, 19.80.

1-Hydroxy-3,4,4-trimethyl-2-azabicyclo[3.3.0]-2-octene (15).—
To a solution of 5.15 g (0.067 mol) of ammonium acetate and 15 g
(0.25 mol) of glacial acetic acid was added 6.7 g (0.04 mol) of
diketone 14. The reaction mixture was stirred at 50° for 6
hr, cooled to room temperature, and added slowly to 25 ml (0.38
mol) of cold concentrated ammonium hydroxide. The solid
was collected and air dried to yield 5.2 g (789,), mp 120-134°.
Crystallization from cyclohexane gave 4.6 g (69%), mp 134~
137°. Sublimation provided an analytical sample: mp 134~
136.5°; ir (KBr) 3230-3070 (-OH) and 1645 em™ (>C=N-);
nmr (CDCls) 6 6.8 (broad s, 1, ~OH), 1.98 and 2.3-1.2 (singlet
superimposed on overlapping m, 10, CHy—C=N- and CH,
ring protons) and 1.27 and 1.07 (s, 3 each, anisochronous

(CH;),C). Mass spectrum caled for CioHyyNO+: 167, Found:
167.
Anal. Caled for CyHNO: C, 71.81; H, 10.25; N, 8.37.

Found: C,71.79; H, 10.13; N, 8.17.

3,4 ,4-Trimethyl-2-azabicyclo[3.3.0]octane (16) was prepared
by hydrogenation of an 11.0-g (0.07 mol) sample of 15 dissolved
in 65 ml of absolute ethanol containing 0.66 g of platinum oxide.
The reaction was carried out at room temperature for 15 hr at an
initial pressure of 50 psig. Distillation gave 8.18 g (81%) of 16
(as a mixture of diastereoisomers): bp 65-66° (4 mm); n¥D
1.4719; ir (neat) 3306 (m, -NH-) and 1380 and 1360 ecm~™*

(16) G. A. Hill and G. M. Bramann, *Organic Syntheses,”” Coll. Vol, I,
Wiley, New York, N. Y., 1941 p 81.
(17) G.F, Hennion and E. J, Watson, J. Org. Chem., 28, 656 (1958).
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(C(CHs)); nmr (CDCly) § 4.0-3.7 (broad m, 1, bridgehead pro-
ton adjacent to nitrogen), 2.7 (overlapping q, J = 6.5 Hz, 1,
CH,;CH), 2.5-1.1 (overlapping m, 9, ring protons and -NH-),
1.0-0.7 (complex pattern corresponding to two pairs of doublets
and four singlets, 9, CH;CH and (CH;),C).

The hydrochloride salt had mp 187-189°.

Anal. Caled for C,HyNCl: C, 63.01; H, 10.63; N, 7.38.
Found: C,63.49; H, 10.73; N, 7.49.

2-Acetyl-4,5,5-trimethyl-2,3-diazabicyclo[4.3.0]-1(6),3-nona-

diene (17).—A 6.7-g (0.04 mol) sample of diketone 14 was added
to a solution of 4.12 g (0.07 mol) of 859 hydrazine hydrate in
20 g of glacial acetic acid. The reaction mixture was stirred at
40-50° under nitrogen for 8 hr. Then 30 g (0.29 mol) of acetic
anhydride was added slowly. The solution was stirred at 90°
for 1 hr and poured over crushed ice. The white solid which
precipitated was collected, washed with water, and air dried to
yield 6.4 g (78%), mp 66-71°. Sublimation provided an ana-
lytical sample: mp 72-73°; ir (KBr) 1690-1660 (strong, broad,
CH,C=0 and >C=N-) and 1615 ecm™ (>C=C<); nmr
(CDCL) 8 3.3-2.8 (broad m, 2, -CH,—C(N)=C<), 2.30, 2.00,
and 2.6-1.6 (two singlets superimposed on overlapping m, 10,
CH;C=0, CH;C=N-, and CH,CH,), and 1.20 (s, 6, (CH,),C).

Anal. Caled for Ci.HisN.0: C, 69.87; H, 8.79; N, 13.58.
Found: C,69.59; H,8.85; N, 13.31.

4,5,5-Trimethyl-2,3-diazabicyclo[4.3.0)nonane (18).—A 6.7-
g (0.04 mol) sample of diketone 14 was added to a solution of 4.12
g (0.07 mol) of 859, hydrazine hydrate in 20 g of glacial acetic
acid. The reaction mixture was stirred at 45-50° for 6 hr under
nitrogen, cooled to room temperature, and added to 25 ml of
glacial acetic acid containing 0.4 g of platinum oxide. The result-
ing mixture was hydrogenated at roon temperature under an
initial hydrogen pressure of 50 psig for a period of 8 hr. The
solution was filtered and added slowly to 150 ml of cold concen-
trated ammonium hydroxide. The product was extracted into
ether and the extract was washed twice with water and dried
over anhydrous potassium carbonate. Distillation gave 2.6 g
(389, of 18: bp 65° (0.2 mm); n¥p 1.4970; ir (neat) 3360-
3180 em ! (-NH-NH-), but no absorption between 1700 and 1600
em™!; nmr (CDCl;) 6 3.2 (broad m, 3, ~-NH-NH-CH), 2.41
(q,J = 7Hz, 1, CH-CHj;), 2.0-1.2 (overlapping m, 7, ring pro-
tons), 1.11 (d, J = 7 Hz, 3, CH;—CH), and 1.00 and 0.90 (s, 3
each, anisochronous (CHj;),C). After treatment with deuterium
oxide the multiplet (3, ~-NH-NH-CH) centered at 3.15 ppm
reduced to a multiplet (1, -ND-ND-CH) centered at 3.24 ppm.

Anal. Caled for CpoHgoN,: C, 71.37; H, 11.98; N, 16.65.
Found: C,72.27; H,12.14; N, 15.99.

Registry No.—1, 25111-16-4; 1 8¢, 25111-17-5; 1 Ph,
25111-18-6; 1 Ox, 25111-19-7; 2, 25111-20-0; 2 Ph,
25111-21-1; 3, 25111-22-2; 3 8¢, 25158-31-0; 3 Ph,
25111-23-3; 4, 25111-24-4; 4 Sc, 25111-25-5; 5,
25111-26-6; 5 Se, 25184-15-0; 5 Ph, 25184-16-1; 6,
25184-17-2; 6 Sec, 25184-18-3; 6 Ph, 25184-19-4; 7,
25184-20-7: 7 Se, 25184-21-8; 7 Ph, 25184-22-9; 8,
19842-40-1; 8 Ph, 25184-24-1; 9,25184-25-2; 9 S¢, 25184~
26-3; 9 Ph, 25184-27-4; 10 cis, 25172-39-8; 10 cts (3,5-
dinitrobenzoate), 25172-40-1; 10 trans, 25172-41-2; 10a
cis, 25172-42-3; 10a trans, 25172-43-4; 11, 25184-28-5;
12, 25184-29-6; 13, 25150-10-1; 14, 25184-30-9; 14 bis-
Se, 25184-31-0; 14 bis-Ph, 25150-11-2; 14a, 25184-32-
1; 14a bis-Ph, 25184-33-2; 15, 25184-34-3; 16, 25184-
35-4; 16 HCI, 25184-36-5; 17, 25184-37-6; 18, 25183~
62-4.

Acknowledgment.—The authors express their sincere
gratitude to Air Reduction Co., N. Y., for gener-
ous samples of t-acetylenic carbinols and to Messrs.
G. M. Maciak, R. Meister, B. Cantrell, D. Cline, and
R. Caine of the Lilly Research Laboratories, Indian-
apolis, Ind., for the analytical work.



