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RESUME

Huang Liang, an organic and medicinal chemist, was born in 1920 in Shanghai.
She received her B.S. degree in chemistry in 1942 from St. John's University in
Shanghai, and her Ph.D. in organic chemistry from Cornell University in the United
States in 1949 working with Prof. A. T. Blomquist. She performed her further
rescarch work at Cornell University, Bryn Mawr College (Prof. E. Berliner), Wayne
State University (Prof. C. Djerassi) and lowa State University (Prot. E. Wenkert) on
organic synthesis, physical organic chemistry, and natural products.

In 1956, Prof. Huang retumed with her husband Liu Jing Xu and daughter to her
home country, China, In the following year, she joined the Department of Materia
Medica of the Central Institute of Health, which was later reorganized to form the
Institute of Materia Medica of the Chinese Academy of Medical Sciences in 1958,
She was the director of the Department of Organic Synthesis of the institute from
1960 to 1983 and has been a full professor since 1964.She was elected as Member of
the Chinese Academy of Sciences in 1980.

During her research carcer, Prof. Huang has made substantial contribution. Her
research areas concern the search for new anticancer. and antiviral drog.
contraceptives and synthesis and modification of biologically active natural products.
Currently her research interest is in chiral drugs. Eight of the research projects from
her group have been awarded either the National Progress in Science and Technology
Award or the National Invention Award. In 1998, she received HLHL Prize in medical
science.

Prof. Huang Liang is the author of more than 100 research publications. She was
the chief editor of the Volume of “Pharmaceutical Science and Pharmacology™ in the
“Chinese Encyclopedia of Medical Sciences” and a member of the international
advisory hoard of the six-volume “Comprehensive Medicinal Chemistry”.

Prof. Huang has demonstrated boundless enthusiasm in guidance her graduate
students. Up to 1999 the thirty- two Ph.D and M.S. graduate students whom she has
supervised all are doing well in thetr own right.
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{Reprinted {rom the Journal of the American Chemucal Soctety, 73, 3510 (1951).]
Capyrighe 1931 by the American Chemical Society and reprinted by permission of the copyright owner,

-MEMBERED CARBON RINGS. IV. SYNTHE-
SIS OF CYCLONONYNE AND CYCLODECYNE
Sir:

We have found that the synthesis of many-mem-
bered carbon rings containing an acetylenic group
using the methods employed by Ruzicks in prepar-
ing cyclopentadecyne and cycloheptadecyne,! by
Stoll in obtaining cycloheptadecyne-10-one,? and
by Domnin? in his presumed synthesis of cyclode-
tyne always seems to have afforded mixtures of cy-
clic acetylenes and isomeric allenes when applied to
the nine- and ten-membered carbon rings. Thus,
for example, dehydrohalogenation of l-chlorocyclo-
nonene or dehalogenation of 1l-bromo-2-chlorocy-
clodecene gave a mixture of CyHy and CyHye hy-
drocarbons, respectively, which upon ozonolysis
yielded a mixture of suberic and azelaic acids or a

two molar equivalents of hvdrogen Ozanolysis
gave only sebacic acid (37%), m.p. 126-129° after
recrystallization and the mixed melting point with
an authentic specimen of sebacic acid (m.p. 129-
131°) was 126-129°. The ozonolysis product was
also characterized as sebacic acid by conversion 10
the bis-p-toluidide, m.p. 198-200° (cor.}. Hydra-
tion of the acetylene with sulfuric acid and mercuric
sulfate in geetic acid gave eyclodecanone, isclated
as its semicarbazone, m.p. 203.5-205.53° (cor.). A
mixed melting point with an authentic specimen
showed no depression. The infrared spectrum of
the unsaturated hydrocarbon (Fig. 1) showed char-
acteristic absorption for C==C at 4.53 .
Cyclononyne was purified by c.b:omatograomnfr
through silica gel: micro b.p. [77-178 (740 mm.}
np 1.4801, d”" 0.8979. {(dnal. Caled. for CqH..
C,58.45; H,11.55. Found:

~———~CHOH [0} —C0 NH,NH:H.Q = C=NNH, 94 4 .
(CHie | == (CHi | ——— 5 (CHip | C,88.24; H, 11.64). Quan
—Co CiOyin HOAe b —Ca=NNH, titative reduction in acetic
55% 3% "=°{, acid using Adams catalvst
frombdm::thyi m.p. 121-123° dec. required 102%, of two
sepacate

[O] Na;SO:, HgO.'
KCOH (ale.) in benzene

SN

molar equivalents of hy-
drogen. Hydration with
sulfuric acid and mercuric
sulfate in acetic acid gave

—

(CHsh m+2.\-',-«—[(c1-1. i J

l.-.sé.;vc ———C—N-
a

mixture of azelaic and sebacic acids. Further, the
infrared spectrum of the CyH;¢ hydrocarbon mix-
ture showed a very weak absorption at .35 u (C=C
stretching) and 2 much stronger absorption at 5.16
p (C=C=C stretching).

However, we have obtained the cyclic Cs and
Cu acetylenes employing a modification of a method
developed by Curtius for synthesizing diarvi acety-
lenes.* The method as applied to the nine-and ten-
membered carbocyeles is dlustrated by the synthe-
sis of cyclodecymne from sebacoin.

The cyclic acetylenes (C; and Cyy) as first isolated
were found to contain small amounts of carbonyl
compounds and saturated hydrocarbons but they
were not contaminated with allenes or other unsat-
urated hydrocarbons. Final purification of the two
acetylenes was achieved by chromatography
through silica gel. Their purification was followed
by means of infrared absorption spectra, refractive
index measurements, and by quantitative catalytic
hydrogenation.

Cyclodecyne was purified by chromatographing
through silica gel: b.p. 203-204° (740 mm.), n®D
1.4903, 4% 0.8975 (dAnal. Caled. for CiHis:
C, 8&16; H, 11.8¢. Found: C, 88.30, $3.06;
H, 11.78, 11.98). Quantitative reduction in acetic
3(:151 using Adams catalyst required 99-1009% of

(1) L. Ruzicka, M. Hirbio and H. 4 Boekegoagen, Helr, Chsm,
Acta, 18, 498 (1933).

2) M. Stoll, J. Huitskamo and A. Rouve, ibid.. 31 343 110481

13) N. A Domnin, . Gen. Chem. (I7.5.5.R.0, 3, 851 (1938); Chem.
Abs., 39, 1282 (1930).

(4) T. Curtins, Ber., 13, 2161 (1886):
prake. Chem,, (2144, 168 (1801).

T. Curtius aad . Thua, S,

cyclononanone, identified
as its semicarbazone (m.p.
179-180°).. Mixed meiting
point with an authentic specimen showed no depres-
sion. Infrared spectrum of cyclonooyne (Fig. 1)
showed characteristic absorption for C=Cat .34 ».
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Fig. 1.—Upper curve infrared spectrum of cyclodecyne;
lower curve infrared spectrum of cyclononyne.

Further details concerning these two cyclic acet-
ylenes and the related cyclic cis- and trans-olefins
will be presented as soon as possible in regular ar-
ticles.

A, T. BLoMguisT
Roeert E. Burcz, JR.
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Many-Membered Carbon Rings.

VI. Unsaturated Nine-membered Cyclic Hydro-

carbons!

By A. T. BLoMouisT,

Lianc Huane Liu® anp JaMes C. BOHRER?

RECEIVED JaNUarY 21, 1932

The nine-membered cyclic hydrocarbons, cyﬂononyne cis-cyclononene and ‘rans-cyclononene, have been synthesized.

‘The alkali-catalyzed oxidative decc

1on of

¥

dihydrazone produced cyclononyne. Hydrogenation

of cyclnnonyn: over a palladium catalyst led to cis-cyclononene while reduction of the acetylene with sodium in liquid am-

monia gave rg

trans-Cyel

was alsc formed by the thermal decomposition of cyclononyltrimethyl-
FMIMonivm h?dﬂmde ‘The trgns-olefin appears to be the labile form and to be strained.

It is isomerized thermally, under

acidic conditions, to cis-cyclononene and is reacuve toward phenyl azide. Dehydration of cyclononanol with beiling phthalic

anhydride gave a mixture of the ¢is- and & di
cyclodetene.,

The preparation and properties of some simple
unsaturated ten-membered cyclic hydrocarbons
were described recently.! It was re-
ported that cyclodecyne, free from its
isomeric allene, could be cbtained only
by the oxidative decomposition of 1,2- 1
cyclodecanedione dihydrazone. Also,
chemical evidence was presented to sup-
port the view that both cis and frens
forms of cyclodecene are probably strain-
less. ‘This paper describes the synthesis

ing that irans-cycl
The infrared spectra of several of th.e nine-membered carbocycles are given.

is probably less strained than frans-

teristic for —C=C— (ca. 4.5 u) and stronger
absorption around 5u, characteristic of C=C=C.

of cyclononyne (IV), ciscyclononene
(X1) and trons-cyclononene (X). Ewi-

CHOH Zn + HCl ¢ CH: PClii
(6 Heh —— ) | —

— 0 in HOAc benzene

II

25409, from 57 % as its
dimethyl azelate semicarbazone

Hy ——CH 20% KOH (ale.} ——C-H
(Gl [+ (CH | P — (CHyr |
Y—CCly —CCl reflux temp. —CcCl

111, 53%

dence is also presented indicating that —_— R HO;JE‘,’ KOH (ale)
the trans form of cyclononene may be (CH;h I + (CHuk JE
strained while the cis isomer is probably S
strainless. ) H
Azeloin (I), obtained in improved v v

yield {35-40%) by the method used to
prepare sebacoin,! served as the starting
carbocycle for all syntheses. Purification of the
various nine-membered unsaturated hydrocarbons
was frequently achieved through methods of chro-

matography while it was most convenient to follow
these purifications by measurement of infrared spec-
tra and refractive indices. .

Cyclononyne (IV).—The first attempt to obtain
this acetylene was by the dehydrohalogenation of 1-
chlorocyclononene (III), a procedure applied
successfully by Ruzicka, ef al., in the synthesis of
cyclopentadecyne and cycloheptadecyne.’ These
experiments are summarized in the diagram which
follows.

The product obtained by vigorous treatment of
III with strong alcoholic potassium hydroxide solu-
tion was a hydrocarbon which absorbed two molar
equivalents of hydrogen. That it was a mixture

of approximately equal amounts of IV and V was . I

indicated by ozonolysis which afforded roughly
equal quantities of azelaic and suberic acids.
The infrared spectrum of this product (IV <+ V)
showed very weak absorption in the region charac-

{1) For the preceding paper in thos series see A T. Elomguist,
R. E. Burge, Jr., and A C. Suesy, Tars Joumwar, T4, 3836 (1952),

{2} Postdoctoral Research Fellow under the du Pont grant-in-aid,
1951-1952.

(3) Part of this paper is abstracted from s disseftation submitted
by J]. C. Bobrer in February, 1951, to the Graduate Faculty of Coroell
University in partial fulfillment of the requirements for the degree of
Doctor of Philosophy.

{4} L. Ruzicka, M. Hirbin sod H. A, Boekenoogen, Helr. Chim.
Acia, 16, 498 (1933).

ca. 129,

The molecular refractivity was found to be inter-
mediate between the values calculated for IV and

> <X

Fig. 1.—Enantiomorphs of irans-cyclononene.

The alkali-catalyzed oxidative decomposition of

,o-cyclononanedione dihydrazone (VII)* gave
IV free from V. Following the route outlined
below, pure I'V was obtained in 259 yield irom V11,
final punﬁcatxon of distilled product was achieved
by chromatographing through silica gel to constant
refractive index {n*p 1 4890).

0] ———C0 NH,NH. H10
—_——
Cu{OQAc)k in é
MeOH, HOAc
:U%
—C=NNH: [0] HgO, KOH (ale.)
(CHay | ) IV, 25%
— (C=NWNH, inbenzene -+ heat
VII

Cupric acetate in acetic acid-methanol proved to be
superior to the reagent chromiutn trioxide in acetic
acid for the oxidation of 1 to VI.

{5) (s} A H. Blatt, “Organic Syntheses,” Coll. Vol. IT, Joho Wiley
and Sone, Inc., New York, N. V., 1943, p. 488; (b) T Curtivaand B, J.
Kastner, J. praki, Chem., [2] 83, 215 (1913); {c) W. Schlenk and E.
Bergrsann, Aan., 463, 71 (1028),
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The infrared spectrum of IV and some of its
other properties were reported earlier.® The sam-
ple of IV absorbed 102¢% of two molar equivalents
of hydrogen upon quantitative reduction in acetic
acid using Adams catalyst. It gave only azelaic
acid upon ozonolysis and was converted to II when
hydrated.

trans-Cyclononene (X).—This hydrocarbon has
been obtained by the thermal decomposition of
cyclononyltrimethylammonium hydroxide and by
the reduction of IV with sodium in liquid ammonia.

sﬁ s »f-’_b\l :'Wi/‘\"\f

w}. 1

)

rJA‘_'V.‘-"": fq"‘mrv\ / ’\Wﬂ‘\f—\vﬁ
i i

Transmission, 75,

IR ’-11 g
0 { li. (¥ /\IJ."‘ Wﬁ‘ f‘ll )"\n:l! i -
" 1‘[ v
4 g8 " 8 10 12 14

Wave length in microns.
" Fig. 2—Infrared spectra: upper curve, cyclononane;
middle curve, X from VIII; lower curve, X from reduction
of IV with sodium in liquid ammeonia,

The specimens of X obtained by the two methods
showed practically the same refraccve index, n*%p
1.4799 and 1.4800, respectively. The infrared spec-
tra for the two samples also were in excellent agree-
ment (Fig. 2), both spectra showing very strong ab-
sorption at 10.25 x, characteristic of a trans C=C.

X absorbed 100.5% of one molar
equivalent of hydrogen and gave only
azelaic acid upon ozonolysis.

A. T. Bromguist, L. H. Liu axp J. C. BoHRER

Hy Pd  ——C—
— (CH: i
—--=C
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Fig. 3.—Infrared spectra: upper curve, XI from catalytic
hydrogenation of I'V; middle curve, X1 from isomerization of
X; lower curve, mixture of X and X from dehydration of IX{.

cis-Cyclononene (XI).—This hydrocarbon was
produced by the selective catalytic hydrogenation
of IV over a palladium catalyst supported on bar-
ium carbonate. The specimen of IV so obtained
showed strong general absorption in the 13.5-14.5 u
region of the infrared and no absorption at 10.25 u
(Fig. 3). It absorbed 101% of one molar equiva-
lent of hydrogen and gave only azelaic acid upon
ozonolysis. When treated with phenyl azide there
was no observeble reaction; no crystalline adduet
formed over a period of 4 weeks.

As mentioned earlier, XI was also obtained by
the acid-catalyzed thermal isomerization of X.

Dehydration of eyclononanel {I1X)} with boiling
phthalic anhydride afforded a mixture of X and XI
as indicated by the infrared spectrum (Fig. 3).
The interrelationship of the three hydrocarbons IV,
X and X1 is shown in the diagram below.

—-H.0 ——CHOH
XD —— {‘CH:::' i

When — cn
treated with phenyl azide according to | N
Ziegler and Wilms,” X gave a crystalline —C -
solid adduct within 2-3 hours. Also fol- (CH:y | IV o+ | 3-CoH;S0:H
lowing the procedure of Ziegler and —C | -H0 |
Wilms, X was isomerized to X1 when | | rh‘-“__““‘"‘“
heated for 1.5 hours at 1f50° in ]:htfai:res— | )
ence of a small amount of 8-nap ene- L., . . .
sulfonic acid. The infrared spectrum and  y, Loty (CHql fI:! H Az0 42 orsan CHy
other properties of the hydrocarbon, pro- ! H—C e CHN{CH.I
duced on isomerization, were in excellent A
agreement with those of XI. The infra- X VI

red spectrum (Fig. 3) showed strong absorption in
the 13.5-14.54 region {cis C==C) and no absorption
at 10.25 u. When treated with phenyl azide, the
isomerized hydrocarbon showed no appreciable re-
action aiter a period of two weeks.

) A T. Blomauist, f of., Tials Jovasac, 73,5510 1051
(T K. Ziezler smed H, Wilms, Ann, $87, @ /10500

Discussion
It is interesting to compare the properties of the
cis—Irans isomers of the eight-, nine- and ten-mem-
bered cvclic olefins.™” It has been observed pre-
viouslv? that within a related series of hydrocar-
bons. both cvclic and npen-chain. in which all the
members are strainless there is a decrease in refrae-
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tive index and density in the order: acetylene, cts
olefin, frans olefin, paraffin. With the eight-mem-
bered carbocycles, where the frans-olefin is a labile
strained modification, the positions of cis- and
trans-cyclodetene respecting refractive index and
density are reversed. The nine-membered cyclic
hydrocarbons appear to occupy a position interme-
diate between the eight- and ten-membered series,
The refractive indices of c£5- and trgns-cyclononene
are almost the same, Contrary to the statement
of Ziegler and Wilms,” the frans-olefin is somewhat
strained; indicated by its reactivity toward phenyl
axide and its thermal isomerization to the ¢fs form.
The degree of strain is probably not as great as in
trans-cyclodetene for it is formed, together with the
cis isomer, in the dehydration of cyclononanol.

The spacial configuration of X is also of interest.
An examination of models of this hydrocarbon
shows that it is asymmetric and hence it should
exist in two enantiomorphic modifications (Fig. 1).
There appears to be sufficient restriction in rota-
tion about carbon—carbon bonds to prevént a ready
interconversion of the enantiomorphs, In order to
confirm isomerism of this type, a study of trans-1-
cyclononene-6-one, which should be asymmetric
and resolvable, is in progress.

The properties of cyclodctyne, as reported by
Domnin,* when compared with similar properties of
other eight-membered cyclic hydrocarbons and
with the nine- and ten-membered cyclic acetylenes
seem to be abnormal. The synthesis and proper-
ties of this hydrocarbon are being re-examined.

In order to make the infrared data on the nine-
membered hydrocarbons more complete the spec-
trum for cyclononane is given (Fig. 2). The prop-
erties of this specimen of cyclozonane were in good
agreemént with those reported previously.

Experimental Part®

Azeloin (2-Hydroxycycl ) (I).—This eyclic
acyloin was obtained in % yield from dimethyl azelate
following the procedure described for sebacoin.! Prepara-
tions were carried out on a 2-molar scale and the product
used in subsequent reactions showed b.p. 91-103° (3 mm.),
with the main portion distilling at 87-100° {3 mm. ).

Cyclononanone (I1).—The reduction of I to II was carried
out as previously described.! 1 was obtained as its crude
semicarbazone, m.p. 150-160°, in 57% yield. After re-
crystallization from 90% methano! the m.p. was raised to
179.5-180.5°.

Regeneration of II from its semicarbazone was done by
steam distil a mixture of 13.1 g. of 1I semicarbazone,
22 g. of phthalic anhydride and 45 ml. of water. After col-
lecting 300 ml. of distillate the latter was extracted with
ether. From the dried ether extracts there was obtained
5.36 g. (90%) of II: b.p. 100~101.5° (15 mm.); a®p 1.4768.

The oxime of II was obtained by a standard procedure.
From 20 g. of 11 there was obtained 21.5 g. of crude oxime,
m.p. 75-77%. After one recrystallization the oxime (16 g.,
749) showed m.p. 78.5-77.5°.»®

i-Chiorocyclononene (II).—To a suspension of 25 g.
(0.12 mole) of phosphorus pentachloride in 50 ml. of ben-
zene there was added with cooling 7 g. (0.05 mole) of II.

{8) N. A. Domuia, J. Gen. Chem. (U/. 5. 5. R, 8, 851 (1938);
C. A., 58, 1282 (1939).

(#) Melting points are corrected and boiling points are uncorrected
except where indicsted. The infrared spectrn were determined with 2
Perkin-Blmer Double Beam Iofrared Spectrophotometer, Model 21,
using & sodium chloride priam, Pure liquid samples, i.e., free of soi-
vants, of varyiog thickness (up to 0.002 in.) were used in the determina-
tioos,

110) L. Ruzicks, M. Kobelt, O. Hafiger and V. Prelog, Helv, Chim,

. Arta, 32, 544 (1948}, repoct m.p. 79" .
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Fig. 4.—Infrared spectra: upper curve, cyclononanone;
lower curve, 1,2-cyclononanedione.

The mixture was allowed to stand overnight and then
worked up in the usual way to remove inorganic compounds.
On distillation there was obtained 8.3 g. of a fraction showing
b.p. 90-120° {15 mm.) which was largely a mixture of III
and 1,l-dichlorocyclononane. This mixture of chloro
compounds (6.3 g.) was reflured for 8 hours with 20 ml. of
209, alcoholic potassium hydroxide. After distilling about
15 ml. of alcohol from the mixture, it was filtered and the
filter cake washed with ether. The combined filtrate and
ether washings were washed with 30409 calciur chloride
solution, dilute hydrochloric acid and finally with water.
Distillation of the dried ether solution gave 2.6 g. (329%) of
a pale yellow liquid; b.p. 125-142° (100 mm.). Redis-
tillation of this liquid gave a sample which still possessed a
pale yellow color; b.p. 142-144° (100 mm.); n®p 1.4087;
d%, 1.004. .

Anal. Caled. for CHuCl: €, 68.12; H, 9.51. Found:
C, 68.11, 68.18; H, 9.54, 9.58.

Dehydrohalogenation of III.—To a distilling flask con-
taining 30 g. (0.65 mole) of potassium hydroxide and 18 mi.
of ethanol heated to 125° there was added 14 g. (0.09 male)
of III. Nothing distilled during the addition so the tem-
perature of the mixture was increased gradually to 330°.
The cloudy distillate was taken up in 100 ml. of ether and
this ether solution washed and dried. After removal of the
ether the residue was distilled twice under reduced pressure,
Finally there was obtained 1 g. of a colorless liquid which
gave a negative Beilstein test for halogen and decolorized
potassium permanganate solution and a solution of bromine
in carbon tetrachloride: b.p. 105-115° (100 mm.); »%o
1.4950; 4, 0.926.

Anal. Caled. for CHy: C, 88.45; H, 11.55.
C, 88.30, 88.31; H, 11.60, 11.49.

Quantitative reduction in acetic acid using Adams cata-
lyst required 100.8% of two molar equivalents of hydrogen.

Ozonolysis of the hydrocarbon in ethyl acetate was
carried out as previously described.! Two solid acidic
fractions were obtained: fraction I (less soluble in acetic
acid and in water) showed m.p. 128.5-130.5%; fraction II
(more soluble in acetic acid and water) showed m.p. 101.0—
102.5°. Determination of the m.p. of mixtures of fractions
I and II with pimelic, suberic and azelaic acids indicated
that fraction 1 was probably suberic acid. A mixed m.p. of
fraction I with an authentic specimen of suberic acid, m.p.
135.6-137.1°, showed 133-138°. The bis-p-bromophen-
acyl ester of fraction I, m.p. 142.8-146.3°, showed m.p.
142.0-143.5", when mixed with a sample of bis—‘p—bmmo-
phenacyl suberate, m.p. 143.9-144.4°. The m.p.’s of mix-
tures of fraction II with pimelic and azelaic acids did not
permit a decision to be made regarding the identity of frac-
tion 1I. The bis-anilide of fraction I, m.p. 189-190°
(micro m.p.), and the bis-p-toluidide, m.p. 196-199.5°,
demonstrated that II was azelaic acid. This was confirmed
by determining the m.p.'s of mixtures of the two derivatives
of II with corresponding derivatives of pimelic, suberic and
azelaic acids. Approximately equal amounts of fractions
I and II were obtained.

Founed:
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1,2-Cyclononanedione (VI}.—This o-diketone was ob-
tained by the oxidation of I using three different reagents,
Oxidation of 217 g. of I with 89.2 g. of chromium trioxide
in 1000 mi. of glacial acetic acid as described by Prelog,
et al.,!t gave 70 g. {33%) of VI; b.p. 80-85" (3 mm.),
n¥®p 1.4750. Oxidation of 31 g. of [ with 102.5 g. of cupric
suifate dissolved in 100 g. of pyridine and 40 g. of water!?
gave 17 g. (58%) of VI; b.p. 3 mm.). Finally,
oxidation of 39 g. of I in 20 ml. of methanol using 90 g. of
copper acetate dissolved in 200 ml. of 509% acetic acid!? gave
25-28 g. (67-T2%) of VI; b.p. 80-82° (3 mm. ), n®p 1.4750.

The dihydrazone of VI was prepared following the proce-
dure described for sebacil dihydrazone.! From 67.3 g. of
diketone there was obtained 8469 g. (80-84%) of VII;
m.p. 104-105° (dec.). On reerystailization from com-
mercial absolute ethanol, keeping the temperature below 607,
E.hen)w:m obtained 51.5 g. {84.5%) of VII; m.p. 106-107°
dec

Anal. Caled. for CHuN.: C, 59.30; H,9.95; N, 30.74.
Found: C, 50.24, 50.27; H, 0.85, 10.05; N, 30.8+.

Cyelononyne (IV).—The procedure used was a modifica-
tion of methods previously described.!* From 52 g. (0.285
mole) of VII there was obtained 15.2 g. (44%) of (:'ud.e v
on distillation in vacus. Redistillation gave 1d g. (39%) of
IV which was still impure; b.p. 87-69° {15 mm.). This
impure acetylens was chromatographed through silica gel
until fractions of constant refractive index, were obrained.
The sample of [V. thus obtained showed the following prop-

erties: bh.p. 177-178° (V40 mm.)} (micre method), »®p
1.4890, 4%, 0.8972.14
Anal. Caled. for GHuw: C, 88.43; H, 11.55. Foung:

C, 88.40, 88.32; H, 11.82, 11.40.

The infrared spectrum for IV was given previousiy.!

Quantitative reduction in acetic acid using Adams cata-
lyst required 1029 of two molar squivalents of hydrogen.

Ozonolysis of 0.9 g. of IV following the procedure used
for cyclodecyne! gave (.75 g. of an acidic product, m.p.
101~104°. Upon recrystallization from water the product
melted at 102-104". A mixed m. P with an authentic
specimen of azelaic acid was 103~105°. The bis-p-toluidide
of the acid was prepared and it pmv:d to be identical with
the bis-p-toluidide of azelaic acid; m.p. 200~200.5°.

Following the procedure deseribed by Thomas, Campbeil
and Hennion® 0.8 g. of [V was hydrated by treatment with
a mixture of 809 acetic acid, sulfuric acid and mercurie sul-
fate. The resulting crude hydra:mn product was converted
to a semicarbazone {m.p. 177-179°) which after recrystalli-
zation melted at 180-181°. When this semicarbazone was
mixed with an anthentic specimen of 11 semicarbazone the
m.p. was not de

Cyclononylamine. ~The oxime of IT was reduced to cy-
clononylamine by means of sodium and absolute ethanol
according to methods previously described.'" From
10.2 g. of the oxime there was obtained 7.5 g. {79%) of the
am:m:A b.p. 9‘}-96 5° (12 mm. ), n®p 1.4851.

Cy Iodide (VII).—Using a
procedure described by Ziegler and Wilms, 8.8 g. of cyclo-
nonylamine was converted to the quaternary salt VIII.
After recrystallization from water there was obtained 17 g.
(90%) of crystalline VIII; m.p., on the Dennis bar, 273~
273.5° (dec.) (uncor.).

Anai. Caled. for CuHal: C, 46.29; H, 8.43. Found:
C, 46.32, 46.23; H, 8.38, 8.45.

irans-Cyclononene (X) A. From VII.—A solution of 18
g- of VIII in 100 ml. of water was treated with an excess of
freshly precipitated silver oxide. After filtering, the fltrate
gave a negative test for silver and iodine ions. This fitrate
was concentrated and decomposed at 1401607 at the water-

(11} V. Prelog, L. Frankiet, M. Kobelt and P. Barman, Hels.
Chim, Acta, 30, 1TAL (1947T).

112) H. Gilman and A. H. Blatt, “Organic Syntheses.” Col. Vol. I,
Jobn Wiley aod Sons, Iac., New York, N. V., 1941, p. 87.

113) P. Rugghi and P. Zeller, Helr, Chim. Acta, 28, T41 (1948},

(14} The valus 4™ 0.5079 waa reported previously, The preseat
figure is considered to be more nearly correct.

(15} R. J. Thomas, K. N. Campbell and G. F. Heonion, TwHis
Joummar, 60, TIS (1938),

(18] A. H. Blatt, “Organic Syntheses,” Col. Vol. II, John Wiley and
Sons, Tae, New York, N. Y., 1943, p. 3138,

(17) V. Prelog, M. F. El-Neweiky and O. Hiliger, Arlr.
Acta, 33, 305 {1950},
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pump. The distillate was extracted with ether and the
ether extracts washed and dried. On distillation there was
obtained 4.4 g. (89%) of X: b.p. 73-74" (30 mm.); n*®p
1.4798. The hydrocarbon was then chromatographed
through silica gel giving a series of fractions having practi-
cally the same refractive index: a®n 1.4793; d®, 0.3615.

Anal. Caled. for GHy: C, 3"432 H, 12.98. Found:
C, 87.09, 87.20; H, 12.93, 13.11.

The infrared spectrum of this sample of X (Fig. 2) showed
a very strong absorption at 10.25 u.

Quantitative reduction in acetic acid using Adams cata-
lyst required 100.5% of one molar equivalent of hydrogen.

Cn ozonolysis only azelaic acid was obtained (66%). The
acid was characterized by methods previously described
under the ozonglysis of IV.

Treatment of this sample of X (0.5 ml.) witk 0.8 ml. of
phenyl azide according to the procedure of Ziegler and
Wilms™ gave a crystalline solid within a few hours. Heat
was evolved on mixing the two compounds and the mixture
solidified after standing at room temperature for 2 hours and
cooling in the refrigerator 3¢ minutes. The pheayl azide

adduet was recrystallized from petroleum ether; m.p.
97.8-88.2
Anal. C.aicd. for CeHuNa: C, 74.03; H, 8.70; N,

17.27. Found: C, 73.60; H, 8.66; N, 17.17.

B. From IV.4—To a solution of 1.38 g. (0.06 g. atom)
of sodium in 60 ml. of purified liquid ammonia' there was
added dropwise with stirring 2.44 g. (0.02 mole) of [V (n%®p
1.4890). After stirring for 2 hours excess sodium was de-
composed by adding ammonium nitrate to the disappearance
of the biue color. Dilute aqueous ammonia (50 ml.} was
then carefully :i.daed The reaction mixture was extracted
with b the extracts hed with dilute hy-
drochloric acid, sodium bicarbonate solution, water and
dried. After removal of the benzene there was obtained
1.83 g. of a colorless liquid; b.p. 73-74° (30 mm.). This
distillate was chromatographed through silica gel and 36%
of the material obtained showed #®p 1,4800. The remain-
ing 149 was idectified through its refractive index and in-
frared absorption as unreduced IV. The infrared curve
(Fig. 2) of this reduction product indicated it to be X.

This sampie of X formed an adduct with phenyl azide
just as rapidly as did the sample described under A; m.p.
97-97.8°. A m.p. determination of a mixture of the two
phenyl azide adducts showed no depression.

cis-Cyclononene (XI). From IV.®—Using the procedure
described for the selective catalytic hydrogenation of cyclo-
decyne! 3.04 g. of IV in 4 ml. of ethyl acetate gave, after
two distillations, 2.47 g. (81%) of XI; b.p. 167-189° {T40
mm.). When chromatographed thmugh silica gef all frac-
it)l%%?? showed the same refractive index; m®p 1.4805, d=,

1.

The infrared spectrum of this sample of XI (Fig. 3)
showed general absorption in the region 13.5-14.5 z and no
absorption at 10.25 u.

Ansi. Caled. for CHy: C, 87.02; H, 12.98. Found:
C, 86.99, 87.03; H, 12.89, 12.90.

Quantitative reduction in acetic acid using Adams cata-
lyst required 1019, of one molar equivalent of hydrogen.
On ozonolysis only azelaic acid was obtained (709, as
pureacid). The azelaic acid was characterized as previously

described under IV.

On treating 0.5 ml. of XTI with 0.6 ml. of phenyl azide
there was oo observable heat of reaction. After the mix-
ture had stood in the refrigerator for 4 weeks there was no
separation of a erystalline product.

Isomerization of X.—Following the procedure of Ziegler
and Wilms” a mixture of 0.93 g. of XX (n®p 1.4800), 0.018 g.
of hydroquinone and 0.018 g. of g-naphthalenesulfonic acid
was heated at 150° under nitrogen in a sealed tube for 1.5
hours. After filtering, taking up in benzene, washing the
benzene solution and drying there was obtained on distilla-

(18) (a}) A, L. Henne and K. W. Greenlee, TrIs Joomwar, &85, 2020
(1043); (b} © N. Campbell and L. T. Bby, ibid., 83, 218 (1941);
(e} M. C. Hoff, K. W. Greenlee and C. E. Boord, ibid., T3, 3322 (1951},

{19} The tiquid amﬂwnll was punﬁed by add.m( a ymail amount of
sodium aod then dizti the di Iy into m well dried re-
action vessel.

(20) (a} M. L. Sherrill and E. 5. Matlack, Tma Jovavac, 58, 2134
{1337); {b) P, Pigamiol, "Acetylene Homologs and Derivatives,”™
Mapleton House, Brookiyn, N, ¥.. 1950, p, 128,
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tion ca. 0.5 g. of a colorless liquid; b.p. T0° (28 mm.}\,
¥ 1.4801.
Anal. Caled. for CHyu: C, 87.02; H, 12.98. Found:

C, 87.18; H, 12.82.

The infrared spectrum of this product (Fig. 3) showed
strong absorption in the region 13.5-14.5 u and oo
tion at 10.25 u indicating the substance to be XI.

This sampie of XI when mixed with phenyi azide showed
ne observab\erumou over a period of 2 weeks.

Cyelononanol {TX).—The reduction of 32.6 g. (0.023 maole)
of II with lithium aluminum hydride gave 31 g. (94%) of
distilled cyclononanecl; b.p. 115-119° (13 mm.}, »®p
1.4903.

Dehydration of IX.—Following a procedure previously
described for the dehydration of cyclodecanol' 13.1 g.
(0.09 mole) of IX was added to 45 g. of boiling phthalic an-

hydride. Distillation of the reaction product gave 8 g. of a
colorless liquid: b.p. 51.3-53° (7 mm.), #®p 1.4778. This
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distillate was then chromatographed through silica gel.
About €09 of the fractions thus obtained showed a¥p
1.4792-1.4796. The infrared spectrum of this material
(Fig. 3) showed characteristic absorption for both X and X1I.

Anal. Caled, for CHu: C, 87.02; H, 12.98. Found:
C, B7.05, 87.15; H, 12.83, 12.98.

Quantitative reduction of this mixture of cyclononenes
in acetic acid using Adams catalyst required 98.919; of one
molar :qmvalent of hydrogen.

Cy —The products cbtained in the quantitative
hydmzmt.m of the various samples of cyclononene were
combined and distilled. The sample of cyclonopane thus
obtained showed b.p. 171-172.5° (740 mm.) (lit. gives b.p.
170-172° {760 mm.})®" and »®p 1.4663. The infrared spec-
trum of this sample of cyclononane is shown in Fig. 2.

(21) N. D. Zelinsky, Ber.,
Itnaca, N. Y,

40, 3277 (1907},
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Many-membered Carbon Rings.

VIO. Cyclodctyne

By A, T. Bromguist! anDp Lrane Huane Lu?
Recervep DeceuBEr 29, 19562

Cyclotetyne has heen obtained by the allmlicatalyzed oxidative decomposition of 1,2-cyclodctanedione dibydrazone.

Its structure is indicated by its infrared
and hydration.

Receatly it was shown that the application of
classical methods to the synthesis of simple cyclic
acetylenes in the intermediate carbocyclic range,
cyclononyne! and cyclodecyne,? failed to give pure
acetylene free of other unsaturated compounds.
This observation prompted a study of cyclodetyne
whose synthesis from 1-bromo-2-chlorocyciodetene
was reported by Domnin.* That Domnin had at
hapd pure cyclodetyne is doubtful. It has been
shown that his method of synthesis produces a
mixture of allene and acetylene when applied to the
Cicarbocycle. The refractive index and density
of his hydrocarbon are inconsistent with the values
for such properties reported for the very closely
related simple cyclic acetylenes, olefins and par-
affins.t3¢  Finally, the chemical evidence in sup-
port of the cyclodetyme structure for his hydro-
carbon is insufficient. In fact, all of the properties
of Domnin’s cyclodctyne may be accounted for
better on the assumption that the hydrocarbon
was a mixture of cycloetene and cyclodetane.

Cyclobetyne, free from the isomeric 1,2-cyclo-
octadiene and other unsaturated hydrocarbons,
has been obtained by the alkali-catalyzed oxidative
decomposition of 1,2-cyclotctanedione dihydraz-
one. Purification of the hydrocarbon, achieved by
distillation and chromatographic adsorption, was
followed by refractive index and infrared spectrum
measurements.

The infrared spectrum of cycloéctyne having »®p
1.4850 and d*, 0.8368 was determined. Charac-
teristic absorption at 4.53 u {C=C stretching)
was observed similar to that found for cydo-
nonyne and cyclodecyne.® This sample of cyclo-
octyne absorbed 1029, of two molar equivalents of
hydrogen upon quantitative reduction and gave
only suberic acid upon ozonolysis. Upon hydration
it was converted to cyclodctanone, characterized
as its semicarbazone.

That cyclodctyne is probably highly strained
was indicated by its explosive reaction with phenyl
azide.

The cyclic intermediates suberoin and suberil
required for the synthesis have not been previously
described.®* They were obtained by modification
of methods previously described for similar deriva-
tives of the Cy- and Cjp-carbocycles.* Their infra-

(1} Feor the preceding paper in this series 3ee A T. Blomguist,
L. H. Lia and J. C. Bohrer, THia Jounsar, T4, 3843 {1952).

(2) Postdoctoral Research Fellow under the du Ponot grant-in-aid,
1951~1952.

(3} A T. Blomquist, B E. Burge, Jr., and A. C. Sucay, THD® Jour-
NaL, T4, 2638 (1952).

) ¥. A. Domain, J. Gen. Chem. (F.5.5.R), 8, 851 {19331, € 4.
33, 1282 {1939),

(5) B Ziegler apnd H. Wilms, dnw, 387, 1 {1080},

(8) A T. Blomaquist, et ol.. Tors [ovmxac, T3, 5510 (19315,

(fa) The preparation of suberoen from dimethyl suberate was re-
ceatly described by Cope sod vo-workers; dbid., T4, 3584 (1932).

on spectrum and by chemical behavior upon ozonolysis, catalytic reduction

red spectra were determined and they corresponded
cJose.l}: to those of the related Cy- and Cp,-homo-
logs. "

The preparation of suberoin by the acyloin con-
densation of diethyl suberate proved to be par-
ticularly troublesome when carried out following
the procedure used for azeloin and sebacoin.'?
During the condensation the reaction mixture
became so gelatinous that it was impossible to
maintain effective stirring and the tendenecy for
charring to occur became quite marked. By
cartying out the condensation in a refluxing mixture
of toluene and xylene and by careful control of the
rate of addition these difficulties were eliminated
and suberoin was obtained in satisfactory vield.

Suberoin was characterized as its semicarbazone
and p-phenylazobenzoate while suberil was con-
verted to its quinoxaline derivative, its dihydrazone,
and oxidized to suberic acid using periodic acid.

The isolation of cyclodctyne free from oxygen
containing compounds required careful exclusion of
air as the acetylene was very prone to react with
oxygen. Also in the course of 1solating the acetyl-
ene certain observations indicated that there was a
tendency for cyclodetyne to rearrange to a more
stable isomeric hydrocarbou showing less unsatura-
tion. This may possibly be the bicyclodetene I.

(B

I

Further studies related to these observations are in
progress,
Experimental Part’

Suberoin (2-Hydroxycyclodctanone).—The procedure pre-
wiously deseribed for the preparation of sebacoin? was modi-
fied in order to avoid the forination of a thick gelatinous re-
action mixture which could be stirred only with extreme
difficulty and which readily charred when heated. The
use of a mixture of toluene and xyiene as a reaction solvent
eliminated these difficulties. For 115 g. (0.5 mole) of pure
diethyl suberate a mixture of 1190 mi. of tylene and 310 ml.
of toluene was used as the solvent. The ester was added
carefully over a six-hour period. Decomposition of the
reaction mixture was carried out with 530 mi. of methanol
followed by 240 ml. of 309 aqueous acetic acid. From
ten preparations a suberoin fractdon showing b.p. T0-81°
(2 mm.) was obtained in 30-38% vield. After two redis-
tillations, suberoin showing b.p. 75° (1.5 mm.) and m.p.
33-37° was obtained in 3575 yield.™

(7) Melting points are corrected aod boiling points are uneorreered
cxcept whers indicated. The infrared apectra were determined with a
Perldn-Elmer double beam infrarsd spectrophotometer, madel 21,
using & sodium chloride prism. Pure liquid samples of varying rthick-
nexs were used in the determioations.

Ta) The discrepancy in m.p. of our suberoin (33-37°) with that
reported by Caope (I7-38.5%), see cof. da, is very likely due ta the pres-
ence of some suberoin dimer in our subernin.  The tendency for i
acyiving 1o dimerize has been demonstrated by J. C. Sheehan, R. .
Vel and M, A, White, Tat3 Jaurxar, T2, 3376 (1050,
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The infrared spectrum of suberoin was similar to that of
sebacoin® showing strong absorption at 2.92 and 5.90 4, OH
and CO stretching, respectively.

Anal.” Caled. for CHuOy: C, 67.57; H, 9.92.
C, 67.55, 47.39; H, 9.38, 10.01.

Suberoin semicarbazone, m.p. 179.5~180", was obtained
in 709 yield after two recnsmﬂ:mnam from ethanol.

Anal, Caled. for CHyO:Na: C, 54.25; H, 8.80; N,
gl,gg. Found: C, 54.23, 54.50; H, 8.53, 8.82; N, 21.02,

1.08.

Suberoin p-phenylazobenzoate after purification by chro-
matographing and recrystallizing showed m.p. 128.5-129°.

dAnal, Caled. for CoHnOiMa: C, 71.99; H, 633, N,
g?g Found: C, 72.01, 72.03; H, 6.38, 8.40; N, 8.08,

ok

Found:

il (1,z-c, loBctanedione). ~This a-diketone was

bt: imately the same yield by the oxidation
of suberum u:mg either of two reagents. Oxidation of 21.3
£. {0.15 mole) of subercin using 60 g. (0.30 mole) of cupric
acetate monohydrate in 10 ml. of methancl and 150 mi. of
507, acetic acid® gave 64-70%, of crude suberil showing b.p.
66.5-7T7° (3 mm.). Oxidation of 21.3 g. (0.15 mole) of s~
beroin using 28 g. (0.06 mole} of bismuth oxide in 75 ml. of
acetic acid! gave a 629 yield of suberil. Upon redistilla-
tion the pure diketong showed b.p. 58-3-«80.5° (3 mm.).
Freezing point determinations of the solid diketone after
four redistillations were unsatisfactory.

The infrared of .mbu-il was nn:uhr to t.hou of
sebacil? and 1 2-cyel ing
musmu.comg.mm
at 2.90-2.98 4, OH stretching.

Anal. Caled. for CHuwOy: C, 68.54; H, 8.63. Found:
C. 68.85, 68.85; H, 8.65, 8.78.

qnmun]m: derivative of suberil was prepared by
the method of Leonard and Mader.® It was obtained in
75% y'ldd after recrystallizations from ethanol; m.p. 120.2-

Aual. Caled, for CiHulNa: C, 79.20; H, 7.80; N,
13.20. Found: C,79.06, 79.00; H, 7.82, 7.60; N, 13.20.

(8) P. BogxH and P. Zeller, Hele. Chim. Acts, 39, TAL (1045).

(9) W. Righy, J. Chem. Soc., 793 (1981).

(10) N. J. Leonard and P. M. Mader, Tmas Jovawar, T3, 5358
(1950},
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Oxidation of suberil with periodic acid afforded suberic

acid, m.p. 140-141°, in 58% yield. A mixed m.p. deter-
mination with an authentic specimen of suberic acid showed
no depression.
The d\hyd:unne of suberil was prepared foﬂomng the
method described for sebacil dihydrazone.* The crude di-
hydrazone, m.p. 103-104.5°, was obtained in 93% yield.
Careful recrystallization from benzene, keeping the tem-
perature below 60°, gave the pure hydrazone (889;), m.p.
105-106°.

Anal. Caled. for CeH N C, 57.11; H, 8.59; N, 33.30.
Found: C, 57.40, 57.12; H, 3.48,9.58; N, '33.00.

Cyelod ~—The pr tion and purification proce-
dures were similar to those for cyclononyne' with the
foilowlng modifications. The reaction mixture was heated
at 80° with a water-bath, leagth of heating was reduced to
5-8 hr. depending upon cessation of evulutm of nitrogen,
and al.l distillations were carried out under pitrogen.

_The impure distilled acetylene was obtained in 9.3%
yield. After purification by chromatographing, the pure
acetylene showed b.p. (T#0 mm.) (mico
method), »®p 1.4850 and 4™, 0.868 (micro method).

The infrared spectrum of cyclodetyne was similar to those
of cyclononyne and cyclodecyne? showing weak absorption
at 4.533 4 characteristic of C==C stretching,

Anal. Caled. for CiHu: C, 88.82; H, 11.18.
C, 88.83, 89.00; H, 1093 11.09.

Quantitative reduction ia acetic acid using Adams cata-
lyst required lm%orftwomnhr aqmvaluﬂ:nt‘kydrogen

Ozonolysis of 0.4 g. of cyclodetyne following the proce-
dure used for cyclononyne! gave 0.43 g. of an acidic product
which showed s m.p. of 138.5~140° after two recrystalliza-
tions. When this product was mixed with an au-
thentic specimen of suberic acid the m.p. mnotdeprmed

Hydml:mn of 0.2 g. of cyclodctyne using the procedurs
described for cyclononyne! gave 0.2 g. orf an uil of camphor-
like odor. This oil was con to a semicarbazone hav-
ing m.p. 170-171°, The m. -p- of & mixture of this semi-
carbazone and au tic ¢y bazone was
not deprassed.,

When treated with phenyl azide, according to the pro-
cedure of Ziegler and Wilms,* cyelodetyne reacted explo-
sively forming 3 viscous liquid product which was not char-

Found:

Itmaca, N. Y.



