Jung, 1064

benzene filtrate. One recrystallization from absolute ethanol
gave the analytical sample, m.p. 132-133.5°.

Anal. Caled. for C.H;FyN.: C, 41.63; H, 0.87; F, 49.4;
N, 8.09. Found: C,41.81; H, 0.98; F, 49.2; N, 8.13.

The F!* n.m.r. spectrum in acetone exhibited multiplets at
61.8, 64.8, 76.2, 79.0, and 85.6 p.p.m. Two unidentified, weak
fluorine environments (80.7 and 82.3 p.p.m.) appeared similar
to the absorption at 79.0 p.p.m. which was assigned to the
fluorine ortho to the hydrazino function., These may have arisen
due to formation of the hydrazone in acetone solution.
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F'® Nuclear Magnetic Resonance Data.—The F!? spectra were
run on a Varian V-4300-2 D.P. spectrometer at 40.0 Me./sec.
Chemical shifts are reported in p.p.m. from trifluoroacetic acid.
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Like the phenyl derivatives, the p-bromophenylosazones obtained from p-galactose, L-rhamnose, and p-xylose,
when refluxed with acetic anhydride, yielded dianhydro-p-bromophenylosazone acetates Ib, IIb, and IIIb,
respectively. The phenylosazone from bp-glucose yielded an acetylated monoanhydrophenylosazone (IV) in

addition to the acetylated dianhydrophenylosazone Ia reported earlier.
3,6-anhydro-p-ribo-hexose phenylosazone (V) from which it could also be prepared.

Compound IV on hydrolysis yielded
p-Galactose phenylhydra-

zone and penta-O-acetyl-aldehydo-D-galactose phenylhydrazone yielded, on boiling with acetic anhydride, V-
acetylpenta-O-acetyl-aldehydo-p-galactose phenylhydrazone (VI).

It has been shown? that monosaccharide phenylos-
azones, when refluxed with acetic anhydride, yield
colorless dianhydrophenylosazone acetates having pyra-
zole rings. Thus, hexoses of the p-series yielded Ia
and 6-deoxy-L-hexoses Ila; and pentoses, whether b
or L, yielded the optically inactive IIIa. We have
now extended this reaction to the p-bromophenylos-
azones and obtained the corresponding acetylated di-
anhydro-p-bromophenylosazones. Thus p-lyzo-hexose
p-bromophenylosazone (from Dp-galactose) yielded
5~(p-glycero-1,2-diacetoxyethyl)-1- (p-bromophenyl) - 3-
formylpyrazole N-acetyl-p-bromophenylhydrazone (Ib),
and 6-deoxy-L-arabino-hexose p-bromophenylosazone
(from L-rhamnose) yielded 5-(L-glycero-1-acetoxyethyl)-
1-(p-bromophenyl)-3-formylpyrazole  N-acetyl-p-bro-
mophenylhydrazone ' (IIb). Similarly, p-threo-pentose
p-bromophenylosazone (from p-xylose) yielded 5-acet-
oxymethyl-1-(p-bromophenyl)-3-formylpyrazole N-ace-
tyl-p-bromophenylhydrazone (II1b). This, like the pre-

H(|J=N-—N (Ac) ~—©— R H(‘J =N--N(Ac) ~©—R

C=N C=N,
O O
CH=C CH=(
HCOA AOCH
CH:OAc CH,
la, R=H I
b R=Br H([J—-N—N(Ac) 7 N_Rr
.
CH:C/
[CH20AC
11

(1) Visiting Fellow at The Qhio 8tate University until July, 1964.
(2) H. El Khadem and M. M. Mohammed-Ali, J. Chem. Soc., 4929
(1963).

viously investigated phenyl derivative, was hydrolyzed
and treated with p-nitrophenylhydrazine to yield
by trans-hydrazonation 1-(p-bromophenyl)-3-formyl-
5-(hydroxymethyl)-pyrazole p-nitrophenylhydrazone.

p-arabino-Hexose phenylosazone, when refluxed with
acetic anhydride, yielded in addition to 5-(p-glycero-1,-
2-diacetoxyethyl)-3-formyl-1-phenylpyrazole N-acetyl-
phenylhydrazone (Ia) reported earlier,? a yellow prod-
uct which proved to be N-acetyl-4,5-di-O-acetyl-3,6-
anhydro-p-ribo-hexose phenylosazone (IV). The strue-
ture of this compound was determined from combustion
analysis and from O-acetyl? and total acetyl* determi-
nations. The infrared spectrum of IV revealed both
N- and O-acetyl groups at 1675 and 1725 ecm.™!, re-
spectively, as well as the C=N group at 1600 cm.~L.
Deacetylation with either methanolic ammonia or
methanolic zn-butylamine yielded a monoanhydro-
phenylosazone which no longer possessed the amide or
ester bands. This compound consumed one mole of
periodate and was identical with Diels’ monoanhydro-
phenylosazone® (V), obtained by refluxing p-arabino-
hexose phenylosazone with methanolic sulfuric acid.
Furthermore, acetylation of Diels’ compound with
boiling acetic anhydride afforded our initial N-acetyl-
di-O-acetylanhydrophenylosazone (IV). Identity in
both cases was established by mixture melting points
and by comparison of infrared spectra. Since Diels’
monoanhydrophenylosazone has been shown® to he
3,6-anhydro-p-ribo-hexose phenylosazone (V) formed
by a Walden inversion on C-3, it was concluded that
our product was the N-acetyl-4 5-di-O-acetyl-3,6-
anhydro-p-rtbo-hexose phenylosazone (IV). The po-
sition of the N-acetyl group on the C-1 hydrazone has
not been confirmed, but was allotted by analogy to I,
I1, and I11.

(3) A. Kunz and C. 8. Hudson, J. Am. Chem. Soc., 48, 1988 (1926).

(4) 0. O. Hoffman and M. L. Wolirom, Anal. Chem., 19, 225 (1047);
see M. L. Wolfrom, M. Konigsberg, and S. Soltzberg, J. Am. Chem. Sor.,
88, 490 (19386).

(5) O. Dielsand R. Mayer, Ann., §19, 157 (1935).

(6) E. Hardegger and E. Schreier, Helo. Chim. Acta, 88, 232 (1957).
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HC=N—N(Ac)CsH;
(IJ:N—NH CeHs

HC=N—NHCsH;s

?:N'—NHCsHs

H(!'JOAC o H(lZOH 5
H('JOAi_! H(']OH___l
CH: CHz
v \

Acetylation of p-galactose phenylhydrazone with
boiling acetic anhydride afforded a new hexaacetyl
derivative VI which showed both N- and O-acetyl
groups at 1700 and 1750 cm.—!, respectively, and a
C=N group at 1630 cm.~!. Estimation of O-acetyl
and total acetyl agreed with those calculated for a
N-acetylpenta-O-acetylhexose phenylhydrazone. Hy-
drolysis with methanolic ammonia followed by treat-
ment with phenylhydrazine yielded bp-{yzro-hexose
phenylosazone. Furthermore, acetylation of the known
penta-O-acetyl-aldehydo-p-galactose phenylhydrazone’
(VII) with boiling acetic anhydride afforded our prod-
uct, which was therefore identified as N-acetyl penta-
O-acetyl-aldehydo-p-galactose phenylhydrazone (VI).

The structures of the compounds described in this
paper have been confirmed by study of their proton
magnetic resonance spectra to be published later.

HC=N-—N(Ac) C¢H; HC=N—NH C¢H;

HCOAe HéOAc
AcOéH AcOéH
AcOéH AcO((JH

H(‘JOAc HéOAc

éHzoAc éHzOAC
Vi VII

From the above it seems that osazones and acyclic
sugar hydrazones when acetylated with pyridine and
acetic anhydride yield O-acetates, 4”8 whereas the more
vigorous reaction with boiling acetic anhydride can
lead to acetylation on both nitrogen and oxygen.

Experimental®

5-(p-~glycero-1,2-Diacetoxylethyl )-1-(p-bromophenyl)-3-formy!-
pyrazole N-Acetyl-p-bromophenylhydrazone (Ib).—p-lyzo-Hexose
p-bromophenylosazone (20 g., from p-galactose) was refluxed for
1 hr. with acetic anhydride (100 ml.). The clear solution was
poured onto crushed ice (500 g.) and left overnight. The aqueous
solution was decanted and the residual oil was washed repeatedly
with water; alter several days it solidified and was crystallized
from dilute ethanol as colorless needles soluble in ethanol, chloro-
form, and ether, and insoluble in water, m.p. 120°.

Anal. Caled. for CuHuBrN,O,: C, 47.6; H, 3.7; N, 9.3.
Found: C,48.1; H,4.1; N,9.7.

5-( L-glycero-1-Acetoxyethyl )-1-(p-bromophenyl)-3-formyl-
pyrazole N-Acetyl-p-bromophenylhydrazone (IIb).—6-Deoxy-
L-arabino-hexose p-bromophenylosazone (5 g. from r-rhamnose)
was refluxed with acetic anhydride (25 ml.) for 1 hr. and then
poured onto ice (100 g.). The crystals that separated overnight

() M. L. Wolfrom and C. C. Christman, J. Am. Chem. Soc., 8§38, 3913
(1931).

(8) A. Gerecs, Tetrahedron, 19, 1455 (1963); M. L. Wolfrom, G. Fraenkel,
D. R. Lineback, and F. Komitsky, J. Org. Chem., 29, 457 (1964).

(9) Melting points are uncorrected; infrared spectra were measured with
a Perkin-Elmer Infracord spectrophotometer. Microanalytical deter-
minations were made by W. N. Rond, The Ohio State University, and A.
Bernhardt, Max Plank Institut, Milheim, Germany.
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were collected and crystallized from dilute ethanol as needles,
m.p. 170°.
Anal. Caled. for szHzoBI‘zN4032 C, 482, H, 37, N, 10.2.
Found: C,48.1; H,3.9; N, 10.1.
5-(Acetoxymethyl)-1-(p-bromophenyl)-3-formylpyrazole N-
Acetyl-p-bromophenylhydrazone (IIIb) —p-threo-Pentose p-bro-
mophenylosazone (5 g. from p-xylose) was refluxed with acetic
anhydride (25 ml.) for 1 hr., then poured onto crushed ice. The
product crystallized from dilute ethanol as needles, m.p. 176°.

Anel. Caled. for C4,HsBr:N.O;: C, 47.2; H, 3.4; N, 10.5.
Found: C,47.2; H,3.7; N, 10.2.

1-(p-Bromophenyl)-3-formyl-5-(hydroxymethyl)pyrazole p-
Nitrophenylhydrazone.—5-( Acetoxymethyl)-1-(p -bromophenyl)-
3-formylpyrazole N-acetyl-p-bromophenylhydrazone (IIlb, 0.5
g.) was hydrolyzed with 209, ethanolic ammonia (50 ml.)
overnight at room temperature. The product was evapo-
rated to dryness, dissolved in ethanol (10 ml.), and treated
with p-nitrophenylthydrazine (0.2 g.) in hot ethanol (10 ml.) and
acetic acid (1 ml.). The mixture was refluxed for 1 hr. and, on
cooling, orange needles which were separated recrystallized from
ethanol-water, m.p. 234°.

Anal. Caled. for C;HBrN;Os-H,O: C, 47.0; H, 3.7; N,
16.2. Found: C,46.9; H,4.0; N, 16.8.

N-Acetyl-4,5-di-O-acetyl-3,6-anhydro-p-ribo-hexose Phenyl-
osazone (IV). A. From p-arabino-Hexose Phenylosazone —
p-arabino-Hexose phenylosazone (20 g.) was refluxed with acetic
anhydride (100 ml.) for 30 min. and then poured onto 1 kg. of
crushed ice. After 3 days the product solidified yielding two
types of crystals: colorless ethanol-soluble needles of Ia which
were washed away with cold ethanol, and yellow, insoluble,
prismatic needles which were filtered and recrystallized from hot
ethanol, m.p. 172-173°, [«]%'p —108° (¢ 2.9, chloroform).

Anal. Caled. for CouHpNOs: C, 61.8; H, 5.6; N, 12.0;
0O, 20.6; total CH,CO, 29.8; CH;CO (OAc), 18.4. Found:
C, 61.3; H,5.9; N, 12.2; 0, 20.7; total CH;CO, 27.5; CH;CO
(OAc), 17.9.

B. From Diels’ Anhydrophenylosazone (V).—Diels’ anhy-
drophenylosazone (2 g.) prepared from p-arabino-hexose phenyl-
osazone and methanolic sulfuric acid® was refluxed with acetic
anhydride (50 ml.) for 2 hr. and then poured onto crushed ice (500
g.). After 24 hr. the crystals that separated were filtered,
washed with water and ethanol, and crystallized from ethanol,
m.p. and m.m.p. 172-173°.

Anal. Found: C,61.8; H,5.9; N,12.0.

Hydrolysis of N-Acetyl-4,5-di-O-acetyl-3,6-anhydro-p-r¢ho-
hexose Phenylosazone.—Substance IV (1 g.) was either shaken
overnight at room temperature with 50 ml. of methanol nearly
saturated with ammonia or refluxed for 1 hr. with 50 ml. of meth-
anol and 1 ml. of n-butylamine. The clear reaction product was
evaporated to dryness in a vacuum desiceator, dissolved in hot
ethanol, and crystallized by the addition of hot water to in-
cipient turbidity. 3,6-Anhydro-p-ribo-hexose phenylosazone
(*‘Diels’”’ anhydrophenylosazone, V) was obtained in the form
of yellow needles, m.p. 175°, undepressed on admixture with an
authentic specimen and with an infrared spectrum identical
with that of the latter.

Anal. Caled. for CisHyNOz: C, 63.5; H, 5.9; N, 16.5.
Found: C,63.7; H,6.2; N, 16.5.

N-Acetylpenta-O-acetyl-aldehydo-p-galactose Phenylhydra-
zone (VI). A. From p-Galactose Phenylhydrazone.—p-Galac-
tose phenylhydrazone (10 g.) was refluxed with acetic anhydride
(150 ml.) for 1 hr. and the solution was then poured onto 1 kg. of
crushed ice and left overnight. The clear solution was then
extracted with ether and the latter washed with an aqueous solu-
tion of sodium hydrogen carbonate and dried. The residue ob-
tained after ether removal was dissolved in 10 ml. of cold ethanol
and crystallized by the addition of water (50 ml.). N-Acetyl-
penta-O-acetyl-aldehydo-p-galactose phenylhydrazone crystallized
in shining prisms, m.p. 135°, [«]*p +37° (¢ 1, chloroform).

Anal. Caled. for CuHyuN:Oy: C, 55.3; H, 5.8; N, 5.4;
total CH;CO, 49.4; CH;CO (OAc), 41.2. Found: C, 55.0;
H, 5.7; N, 5.7; total CH;CO 49.3; CH,CO (OAc), 43.2.

B. From Penta-O-acetyl-aldehydo-p-galactose (VII).—The
pentaacetate’ (1 g.) was refluxed with acetic anhydride (25 ml.)
for 30 min. and the solution was then poured on 200 g. of crushed
ice and left overnight. The water-soluble portion was extracted
with ether, washed with aqueous sodium hydrogen carbonate,
and dried. The residue obtained on solvent removal was crystal-
lized as above, m.p. 135° undepressed on admixture with the
above material. Both products had identical infrared spectra.
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Deacetylation of VI and Conversion to D-lyzo-Hexose Phenylos-
azone.—N-Acetyl-penta-0-acetyl-aldehydo-p-galactose phenylhy-
drazone (1 g.) was treated with 50 ml. of methanol nearly
saturated with ammonia and left overnight at room tempera-
ture, then evaporated to dryness in a vacuum desiccator. The
residue was dissolved in water (20 ml.) and heated with phenyl-
hydrazine (0.5 g.) and acetic acid (0.5 ml.) on the water bath
for 1 hr. On cooling, p-lyzo-hexose phenylosazone separated in
its characteristic erystalline shape and was identified by mixture
melting point and comparative infrared spectra.
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A general method of preparing polyphenyls by the addition of an aryl Grignard or an aryllithium to a substi-
tuted cyclic ketone followed by dehydration and aromatization was used to synthesize five polyphenyls hereto-
fore unreported. These newly prepared polyphenyls are 3-bromo-m-terphenyl, 2,3’-di-(3-xenyl)biphenyl, 2,4-

di(3-xenyl)biphenyl, 2,4-di(4-xenyl)biphenyl, and 3,5-diphenyl-4’-(3-xenyl)biphenyl.

polyphenyls were prepared, some by new routes.
meta- and para-type linkages in polyphenyls.

In addition, ten known

Infrared spectral correlations were developed which apply to
These correlations are useful in indicating (a) the presence of

single or consecutive meta- or para- and 1,3,5-substituted benzene rings in large polyphenyl molecules, and (b)
the type of substitution present in the terminal groups of polyphenyls.

During a recent program under an Atomic Energy
Commission Contract,! the need arose to prepare
certain selected polyphenyls, particularly quaterphen-
yls and hexaphenyls. This was done for the most
part by extending the methods of Woods and Scotti.?
An examination of the infrared spectra of polyphenyls
which are described in the literature and those obtained
during the present study revealed certain character-
istic shifts of assigned absorption bands in the 11.0-
to 15.0-u region. These band shifts were dependent
upon the number and type of linkages involved.

Discussion

Syntheses.—The best general method found for the
unambiguous synthesis of polyphenyls was that of the
addition of an aryl Grignard or an aryllithium to an
aryl cyclic ketone followed by dehydration and aroma-
tization according to the following general scheme.

S o — LA —
L

The introduction of internal meta linkages was ac-
complished by the method of Woods and Tucker,?
whereby the monoethyl ether of dihydroresorcinol was
treated (twice) with an aryl Grignard or an aryllithium
followed by aromatization.

O 0 R’ R
—_— — —
OLt R R R

(1) U. 8. Atomic Energy Commission Contract AT(10-1)-1080, Phillips
Petroleum Co., Bartlesville, Okla.

(2) G. F. Woods and F. Scotti, J. Org. Chem., 26, 312 (1961).

(3) G.F. Woods and I. W. Tucker, J. Am. Chem. Soc., 70, 3340 (1948).
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The compound 3-bromo-m-terphenyl was prepared
by this method. 3-Ethoxyeyclohex-2-en-1-one was
added to 3-bromophenylmagnesium bromide, and the
resulting 3-(3-bromophenyl)cyclohex-2-en-1-one added
to phenylmagnesium bromide to give 3-bromodihydro-
m-terphenyl. This was aromatized with bromine in
chloroform to the desired 3-bromo-m-terphenyl.

The introduction of ortho linkages in positions other
than terminal was brought about by the use of 2-
chlorocyclohexanone.? An aryl Grignard was added
to 2-chlorocyclohexanone, whereby rearrangement oc-
curred giving the intermediate 2-aryl substituted cyclo-
hexanone. This product was added to another aryl
Grignard or aryllithium followed by hydrolysis, de-
hydration, and aromatization to the desired poly-
phenyl.

0
RM
C + BrMgR R —
R on R R
Crn = G = o

The Grignards of 3-xenyl bromide and 4-xenyl bro-
mide were added to 2-chlorocyclohexanone to give the
compounds 2-(3-xenyl)cyclohexane and 2-(4-xenyl)-
cyclohexanone.? The butyllithium interchange prod-
ucts of 3-bromo-in-terphenyl and 4-bromo-m-ter-
phenyl* were added to 2-(3-xenyl)cyclohexanone which
after dehydration and aromatization gave, respectively,
2,3'-di(3-xenyl)biphenyl and 2,4’-di(4-xenyl)biphenyl.
Lithio-p-terphenyl® was treated with 2-(4-xenyl)cyclo-
hexanone in a similar manner to give 2,4’-di(4-xenyl)-
biphenyl. Preparative details are given here only
when the compounds were not found in the literature

(4) G. F. Woods, J. P. Oppelt, and R. B. Isaacson, ibid., 82, 5227 (1960).
(56) J. A. Cade and A. Pilbeam, United Kingdom Atomic Energy Author-
ity, AERE-R 3038, p. 3.



