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ABSTRACT
The Raman spectrum with polarization measurement of pentafluorothiophenol (liquid)

has been recorded on a Spex-spectrophotometer model 1400 using a He-Ne laser source.

The

infrared specttum of this sample has been recorded in liquid phase on a Perkin-Elmer 621

grating spectrophotometer at high

resolution.

Assignments of the observed frequencies

assuming C,, symmetry for the molecule have been presented.

INTRODUCTION

SSIGNMENTS have been made for a num-

ber of fluorinated benzenesl> In a recent
review on the vibrational spectra of fluorinated
organic compounds Brown and Morgan® have
drawn attention to the lack of informa-
tion on complete vibrational assignments
of substituted pentafluorobenzenes, The
vibrational spectra of the parent compound
hexafluorobenzene have been studied and
assigcnments of the observed frequencies have
been proposed®. The vibrational spectra of
several pentafluorobenzene derivatives have also
been studied?-13, Recently the vibrational spectra
of pentaflorostyrene have been studied and
assignments of the observed frequencies have
been proposed.l4, In the present paper the
results obtained in a study of the vibrational
spectra of pentafluorothiophenol in liquid
phase have been presented.

EXPERIMENTAL

The pure sample for the present work was
obtained from Koch-Light Laboratory, England.
The Raman spectrum (in liquid phase) with
polarization measurements was recorded on a
spex-spectrophotometer model 1400 equipped
with a He-Ne laser source The accuracy of
measurements is estimated to be within 2 em™1.
The infrared spectrum of the compound (in
liguid phase) was recorded on a Perkin-Elmer
621 grating spectrophotometer in the region
950-4000 cml. A KBr cell of 0-1mm path-

length was used to record the spectrum below.

700 cm~.  For above 700cm™l a thin liquid
film between two NaCl windows was used.

RESOLTS AND DISCUSSION

The pentafiuorothiophenol molecule has

approximately C,, symmetry. The 33 normal
vibrations of C,F.SH are distributed among

the symmetry classes as follows
12a, 4+ 11 !:’,‘+3.:12-1—'i'l:i2

The 30 fundamental wvibrations of CgF X
molecule (where X 1s an atom) divide among
the symmetry classes of the point group C,

11a, +10b; +3a, + 60,
as follows:

Thus the SH group gives rise to one a; vibra-
tion (SH stretching mode), one b; vibration
(SH in-plane-bending mode) and one b, vibra-
tion (SH out-of-plane bending mode). The
vibrations belonging to species a,, b, and b, are
active in both the infrared and Raman spectra.
But the vibrations belonging to a, species are
active only in the Raman spectrum, The
vibrations of a, species are polarized whereas
the vibrations belonging to a., b; and b,
species are depolarized in the Raman spectrum,
a, and b, species represent in-plane vibrations
whereas a, and b, species represent out-of-

plane vibrations,
The traces of the Raman and infrared

spectra are reproduced in Figs. 1 and 2 (a, b)

D0 pm

4
ul

||
F

-

— ._.-.._.__.-..:L..’L_h\d \ 'kw-ﬁx_.r’J

INTEMSITY
L1
L

-y
i

R A o

A OQ LYo o0 LQODK pOoQ [ Jule * o0 | 13

00 -- —

s}

L1
o

INTEREITY

[
| F "-_h uuuuuu ____kalﬁ._ ’\kjt\'\_r }k"#l
h-W&J%ﬁ_w | N .
© - T T Y 'o0 T

a0 D QD 1200 | Q0 L e Rt

RAMAN Bwit? Tt}
ARMAN  SELCTRLUM OF  FLRNT& (LORDTHIOPHENDL (LK H

FiG. 1

respectively. Fundamental frequencies are

given in Table 1,
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ASSIGNMENTS
a, C lass

The twelve vibrations belonging to ¢, class
of CyF.SH molecule i1nclude three C=C
stretching, three C-F stretching, one (CgkFy)
-SH stretching, two C-C-C- in-plane-bending,
two C-F in-plane-bending and one S-H
stretching vibrations, The Raman lines 1646,
1513, 1414, 1295, 866, 584, 512, 392, 310 and
272 cm™1 have been assigned to this class, since
they are polarized. The frequencies 1646 cm™1
(SR and m-IR), 1513 cm™1 (pw-R and vs-IR)
and 512cm™! (vvs-R and ms-IR) have been
assigned to C=C siretching modes. These
vibrations have been derived from 1655 em™!
(e;,), 1330cm™  (e;) and 559 cem™  (a,,)
vibrations respectively of C,F,  When the
symmetry is reduced from Dg, to C,,, the doubly
degenerate species ¢, and e,, split up into
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two components a; and b;. The frequencies
1414cm™1 (s«.R and w-IR) and 1295c¢m-1
(vw-R and w-~IR) have been assigned to C-F
stretching modes derived from 1490 cm™ (a, )
and 1323 ecm™! (b,,) frequencies respectively of
CeFg- The third C-F stretching vibration
belonging to a, class derived from 1157‘cm-!
(e;,) of CiFy could pnot be observed in the
Raman spectrum but the very strong infrared
band appearing at 1090 cm™ may be assigned
to this mode., The assignment of, this frequency
to a, species is in agreement with the assign.
ments proposed for C F; Br and C F, (I8 The
frequency 866'tm! (m-R and vs-IR) may ba&
assigned to (CgF;) —SH stretching mode. The
frequencies 584 cml (vs-R and mw-IR) and
392 cm™t (s-R and ms-IR) have been assigned
to C-C~C in-plane-bending modes derived from
640 cm™ (b,,) and 443 cm™1l (e, )frequencies
of CgFg. The other component of the e, mode
is depolarized and is assigned to b; species.
The two C-F in-plane-~bending vibrations belong-
ing to this «¢lass have been identified at 310 ecm™1
(w-R and wvs-IR) and 272cm™ {(vw-R and
vs-IR) These modes have been derived from
315 cm™1 (e;,) and 264 cm-1 (e, frequencies
of C;F,. The S-H stretching vibration is gene-
rally weak in the infrared spectrum!5-19 and
appears in the region 2500-2600 ctn™l. We have
assigpned the frequency 2600cm™ observed
with medium intensity in the infrared spec-
trum to this mode,

b, Class

The eleven vibrations belonging to b, class
of C;F;. The S-H stretching vibration is gene-
ing, two C-F stretching, one C-C-C in-plane-
bending, three C-F in-plane-bending and one
S-H in-plane-bending vibrations  The
depolarized Raman lines 1269, 1148, 1018, 857,
744, 444 and 202'cm™l have been assigned to
b, class vibrations. The frequency 1269cm™
(vw-R and vvw-IR) has been assigned to
C—C stretching mode corresponding to 1253 em™1
(b,,) frequemcy of Cy4Fs,. The other two by
class C=C streiching frequencies are derived
from 1655 cm™ (ep,) and 1530 cm™ (e;,) modes
of CyFs. In the present investigation the
b, components of these modes <could not be
observed in the Raman spectrum, However,
the frequency 1500 em™, which appears in the
infrared spectrum with wery high intensity,
has been correlated with the b, component of
the e,, mode (1530 cm™) whereas the C=C
stretching frequency corresponding to 1655 cm™
frequency could not be assigned, It may be
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TABLE 1
Vibrational frequencies and their assignmenis for pentafluorothiophenol

il [ —

Raman shift Raman Dep. 1.R. Freq.

{cm™Y) Int. ratio (em™1) I.R. Int. Assignment
111 vw 0-87 D . . ag, bz C—F o.p. bending
202 m 0-90 D s .o 6y ~C—F 1i.p. bending
214 w 0.8 D .o ‘ 62  C—F o.p. bending
272 YW 0:50 ¥ 272 m a;y  C—F i.p. bending
287 ms b C—(SH) o.p. bending
295 m 8 ~ C—F i.p. bending
310 w 0-43 P 310 Vs ¢; C—F i.p. bending
361 m 0:92 D 3560 5 b3  C-=F o.p. bending
375 YW 0:-86 D .o .o az C—F o.p. bending
392 5 0-67 P 392 ms ap C—C—C i.p. bending
444 ms 088 D 443 m by C~=C~—C i.p. bending
491 m 0:23 P 491 sh .
512 vvS 0-07 P 512 ms ay C—C stretching (ring)
584 VS 0:12 P 585 mw gy C—C—C i.p. bending
618 vw 12 D 616 ms by C=-C—C o.p. bending
648 VW .o .o . ay (C—C—C o.p. bending
667 VYW .o 670 VW b2 S—H o.p. bending
708 VYW . 712 VVW b  C—C—C o.p. bending
144 VYW 0-90 D 740 VW 61  C—F i.p. bending
857 VYW 0-87 D 867 sh &1  S—H 1i.p. bending
363 m 033 P Bﬁﬁ VS a1 (CEFE)—SII stretching
923 w 080 P 922 $ ey C—SH bending
1018 VW D? 1020 vVS 5y  C—F stretching
.e ae .r 1090 VS a2y C—F Strf.':t(:hing
1148 VYW 10 D 1146 VW 4y  C—F stretching
1269 VW 0-86 D 1263 VYW 4y  C=C stretching
1295 VW 0-78 P 1291 VW @3y  C—TF stretching
1414 g 0:30 P 1412 VW a1 C—F stretching
vo o .o 1500 vvS &y  C=C stretching
1613 VVW 0-76 P 1511 VS ey C=C stretching
1646 8 0-53 P 1636 m a; C=C stretching
2600 m ay  S—H stretching

N.B.—i.p.=in-plane, ©.p.=out-of-plaue,
D=Depolarized, P=Polarized, s=strong,
mentioned that the same frequency has been
assigned to poth a; and b; components in the
vibrational study of CyF.X8% (X-Cl, Br, 1) and
€.F, CN? corresponding to the e, mode. The
frequencies 1148 cm™t (vvw-R, vw-IR) and
1018 ¢m™! (vvw-R, vvs-IR) have been assigned
to C-F stretching modes derived from 1157 em™1
(eg,) and 101lcm™ (e,,) frequencies of CF,.
The frequency 857cm™ (vvw-R, w sh-IR) has
been assigned to S-H in-plane-bending mode.
The frequency 444 cm™ (ms-R, m-IR) has been
assigned to C-C-C in-plane-bending mode
derived from 443 cmm! (e, ) frequency of C Fy.
The frequencies 744 cm! (vvw-R,vw-IR) and
202cm’! (m-R) have been assighed to C-F
in-plane-bending modes derived from 691 ecm™1
(¢,,) and 208<m (b,,) frequencies of CgF,.
The medium strong infrared band appearing at
295 cm™! may be assigned to the third C-F
in-plane-bending mode derived from 315 cm’1
(ey,) frequency of CgzFg. The assignment of
this frequency to b, species is in agreement
with the assignment proposed for CgFr CN?,

m—medium,
[.R.==Infrared,

S

w=weak, V=very,
Int. = Intensity,

sh=shoulder,

a, Class

Out of three a, vibrations, one vibration is
derived from 595 cm™! (e, ) C-C~C out-of-plane-
bending mode of C Fg and two vibrations are
derived from 370cm™ (e, ) and 125 cm™ (e,
C-F out-of-plane-bending modes of CygFy. In
the present investigation the frequency 648 cm-1
(vvw-R) has been assigned to C-C-C- out-of-
plane<bending mode, The freguencies 375 cm™?
(vw-R) and 11lem! (vw-R) are depolarized
and have been assigned to C-F out-of-plane-
bending modes, The depolarization ratio of
648 ccnl  frequency ‘could not be determined
due to its weakness. All of these vibrations
are active in the Raman spectrum only as
expected.

b, Class

The seven vibrations belonging to b, class
include two C-C-C, three C-F, one C-(SH)
and one S-H out-of-plane-bending vibra-
tions, The frequencies 708 cm™t (vvw-R,
vvw-IR) and 618cm't (vw-R, s-IR) have
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been assighed to C-C-C out-of-plane-bending
vibrations These are derived from 714 cm™1
(by,) and 585 cm™ (e,,) frequencies of CgFl.
The frequencies 351 cm™1 (m-R, s-IR), 214 cm™1
(w-R) and 11llcm™l  (vvw-R) have been
assigned to C-F out-of-plane-bending modes.
These vibrations have been derived {rom
370 cm! (e,,), 215cm™ (ap,) and 125 em™
(e,,) frequencies of C,F. The frequency
667 cm} (vvw-R, vw-IR) has been assigned
to S-H out-of-plane-bending mode. In thio-
benzoic acid2? the frequency 680 cm™! has been
assigned to this mode. The medium strong
infrared band at 287 cm'! may be assigned to
C-(SH) out-of-plane-bending mode. Although
this frequency has not been observed in the
Raman spectrum, the magnitude is of the right
order. The frequency 111 cm™1 has been assigned
to both a, and b, species.
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ABSTRACT
A new flavone designated majoranin, shown to be 4,5, l-trihydroxy-¥, 6, 8-trimethoxy
flavone and the 7-glucuronides of dinatin and diosmetin have been isolated from the leaves
of Majorana hortensis. which also contain a high proportion of hydroquinone.

AJORANA HORTENSIS Moench.l'2 (syn,

M
a perennial herb commonly grown for its
aroma and used as a flavouring agent, stimulant,
carminative and emmenagogue, has been earlier
known to contain ursolic acid and a bitter
substance, Its volatile oil is composed of
carvacol, terpeneol, camphor and borpeol, In

Origanum wmajorana Linn., fam. Labiatae),

continuation of our chemical studies on Mentha
spicata® and Anisochilus carnosus® of the
same family, we have systematically examined
the leaves of M. hortensis for flavonoids, and
the results are recorded in brief,

Fresh leaves of M. hortensis were extracted
thrice under reflux with hot 80% ethanol, and
the combined extract ‘concentrated in vacuo %9



