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Abstract-The volatde fraction of the neutral, oxygen contammg constituents of sun-cured Greek tobacco 
has been studled Thirty-two compounds, mamly ketones and aldehydes, were ldent&d usmg combmed 
gas chromatography-mass spectrometry The maJority of these have not previously been reported to occur m 
tobacco and two are new natural product. Possible orlgms of some of the compounds encountered are 
discussed 

INTRODUCTION 

EARLIER pubhcatlons m this series on sun-cured Greek tobacco have dealt with the satu- 
rated’ and unsaturated volatile2 hydrocarbons. The present work, representmg a contmua- 
non of these studies, concerns the more polar compounds m the volatile, neutral fraction 
which represents an important part of the flavour of this tobacco. An authoritative account 
of the constituents of tobacco and smoke has been given by Stedman 3 

RESULTS AND DISCUSSION 

The volatile neutral material of tobacco grown in Serres, Greece, in 1968 was isolated as 
detailed m the Experimental, whilst takmg extreme precautions to avoid contammation 
during isolation It was shown by GLC to be very complex and was divided by means of 
Guard T reagent mto a carbonyl fraction, designated A, and a remainder, which m turn was 
separated into a hydrocarbon fraction, discussed previously,1*2 and a non-hydrocarbon 
fraction B $ Subsequent chromatography on sihca gel of the fractions contammg the 
oxygenated constituents furmshed fractions Al-A7 and Bl-B8, which were studied by 
GLC and GLC-MS. 

The identification of the compounds m Table 1 was accomplished by comparison of 
mass spectra and retention times with those of authentic material or,4-7 when the con- 

* Part VI m the serves “Tobacco Chemistry” For Part V see Ref 58 
t To whom correspondence should be addressed 
$ The use of Gerard T reagent was unsatisfactory since even the separation of stencally unhmdered 

carbonyls was far from quantltatlve and this procedure will hence be omitted m future studxs 

1 C. R ENZELL, A ROSENGREN and I WAHLBERG, Tobacco Scr 13, 127 (1969) 
z R A. APPLETON, C R ENZELL and B KIMLAND, Beltr. Tabukfirsch 5, 266 (1970) 
s R L STEDMAN, Chem Reus 68,153 (1968) 
4 MS D C Serves Mass Spectral Duta Nor 1 to 3000, Mass Spectrometry Data Centre, Aldermaston, 

England 
* Dow Uncertrfied Mass Spectral Data (edited by R S. GOHLKE,) Frammgton, Mass (1963) 
6 E VON SYDOW, K ANJOU and G KARLSSON, Arch Mass Spectral Data 1,385 (1970) 
’ A. CORNU and R MASSOT, Compdatlon of Mass Spectral Data, Heyden, London (1966) 
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TABLE 1 COMPONENTS IDENTIFIED IN FRACTIONS A AND B OF GREEK TOBACCO 

content m Fractmn Method of Prev detected 
NO Compound tobacco ldent&atmn S = smoke Ref 

(PP”0 A B Ref T = tobacco 

Occurn”8 I” fractmn A only 

B-Cyclocrtral 
Benzaldehyde 
Safranal 
6-Methyl-3,5-heptadlen-2-one 0 3 
CaNe”O”e 007 
Us-J-Ionone 009 
2-Acetylpyrrole 03 

Occurrmg I” fractton B only 

Pentadecanal 
Methyl myrlstate o”2” 
Methyl palrmtate 
Ethyl palmttate z5 
Hexahydrofarnesylacetone 3 2 
2,3,6-Trnnethyl-l&mphtho- 

qwnone 05 
2,3-DImethyl-l+“aphtho- 

ClU”““e 
Benzyl acetate 85’ 
$P~p;;~hy::thyl acetate 

0”:1 
Veratrole 003 
Do-n-butyl phthalate. 
P1per1tone 8F 
2,3-Dlmethyl4hydroxy-2- 

“““~“oK acrd lactone 04 
Benzyl alcohol 
I?-Phenylethanol z 

Occurnn8 I” fractm” A and B 

Nonanal 
D‘Xannl :; 
Damascenone 01 
Famesylacetone 
CMethyl-2-heptanone 0”: 
Solanone 7 
Geranylacetone 6 
6-Methyl-5-hepten-2-one 
Dlhydroactnndmhde 1: 

: 
t 
12 

197. 

2 
2,3 
2,334 

: 
4 
5 

MS, GC 
MS, GC 
MS, GC 
MS, GC 
MS, GC, NMR, IR 

MS, GC 

MS, GC 
MS, GC 
MS, GC, NMR, 1R 
MS, GC 

z 2: 
MS: GC 

MS, GC 
MS, GC, NMR, IR 
MS, GC, NMR, IR 

;A& 

i_ 

MS: GC 
MS, CC, NMR, IR 

MS, GC 
MS, GC 

EEv z% 
MS: GC 
MS, GC 
MS, GC 

‘: S.-l- 
6 

6 
8 

T 

9 T 
9 T 

f:,,2 S,T 

S 

13 

: s”:T’ 
14 
15 
5 T 
14 

16 T 
5 
5 

: 
17 T 
62 S 
7 

40 
62 

22’34 
MS, tic 

2:3;4:5 
MS, GC, NMR, IR, UV 11.18 
g$ G$, NMR, IR 19,20 

S,T 11,18,35,36 

::;,8, MS: GC, NMR, IR i1-24 T 21 

25,26 

27 

28 
28 

11.29 

30 

28,31,32 
28,32 

33 

:8634 
28:34 

* A F THOMAS, B WILLHALM and R MULLER, Org Mass Spectrom 2, 223 (1969) 
9 R RYHAGE and E STENUGEN, Arkrv Kemr 13,523 (1959) 

lo R RYHAGE and E STENHAGEN, Arkrv Kenu 14,483 (1959) 
I1 L C Coon and A RODGMAN, Tobacco Set 9, 137 (1965) 
I2 M STOLL, M WINTER, F GAUTSCHI, I FLAMENT and B WnLHALM, Helv Chrm Acta 50,628 (1967) 
I3 S J DI MARI, J H SUPPLE and H RAPOPORT, J Am Chem Sot 88,1226 (1966) 
I4 E voN SYDOW, Acta Chem Rand 18, 1099 (1964) 
I5 C S BARNEY and J L Occo~owr~z, Austral J Chem 16,219 (1963) 
I6 H KANEKO and M MITA, Agrrc BIOI Chem 33, 1525 (1969) 
I7 E DEMOLE, P ENGGIST, U SAUBERLI, M STOLL and E KOVATS, sz , HeIv Chrm Acta 53, 541 (1970). 
1& R R JOHNSON and J A NICHOLSON, J Org Chem 30,2918 (1965) 
I9 R G BUTTERY and R M SEIFERT, J Agrrc Food Chem 16, 1053 (1968) 
2o G POPJAK, m Natural Substances Formed Bzologzcally from Mevalonrc Actd (edlted by T W GOODWIN), 

p 30, Academx. Press, New York (1970) 
” W C BAILEY, JR, A K BOSE, R M IKEDA, R H NEWMAN, H Y SECOR and C VARSEL, J Org Chem 

33, 2819 (1968) 
” P H CHEN, W F KUHN, F WILL and R M IKEDA, Org Mass Spectrom 3, 199 (1970) 
23 S FUKUSHIMA, Y AKAHORI and T TSUNEYA, J Pharm Sot Japan 89, 1729 (1969) 
l4 T SAKAN, S ISOE and S B HYEON, Tetrahedron Letters 1623 (1967) 
25 J ONISHI and M NAGASAWA, BUN Agrrc Chem Sot Japan 19, 143 (1955) 
26 C NEUBERG and J BURKARD, Blochem Z 243, 472 (1931) 
f7 I ONISHI, H TOMITA and T FUKUZIJMI, BUN Agr Chem Sot Japan 20,61 (1956) 
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stltuents were present m sufficient amounts, by isolation and further spectroscopic studies 
The abundances of the mdlvldual constituents (Table 1) were evaluated by integration of the 
peaks m the gas chromatograms, these figures are very approximate due to differences m 
detector response, lmprease mtegratlon and the presence of residual solvents Moreover, 
some of them might be erroneous due to partial loss of the most volatile compounds and 
mcomplete transfer of the least volatile constituents during dlstlllatlon 

As shown m Table 1, nineteen of the compounds listed have not previously been detected 
m tobacco All of the new compounds, with the exception of veratrole and ethyl palmltate, 
are either ketones or aldehydes, while all alcohols, lactones and remammg esters identified 
are previously known constituents of tobacco Of the compounds belongmg to the latter 
group, benzyl alcohol, j?-phenylethanol and the correspondmg acetates have also been found 
to occur m tobacco smoke 28*31.32*34 

Of the SIX aldehydes encountered, benzaldehyde IS the only one previously found m 
tobacco and also m smoke *se*6 Of the others, ,&cyclocltral and safranal are lsoprenold, 
while three are saturated straight chain compounds having 9, 10 and 15 carbon atoms 
respectively Although all of these compounds, known to possess charactenstlc odors, have 
been encountered m Nature before, only nonanal and decanal seem to be of general 
occurrence 3 7 

Of the ketones three are non-uoprenold (7,13,14) and of these only 2-acetylpyrrole has 
previously been found m tobacco,27 while 2,3,6-tnmethyl-1,Cnaphthoqumone has been 
found m smoke 3o The former compound, which also occurs m black tea,38 cacao and 
tinctures of valenan r00t,27 IS regarded as partly responsible for the improvement of the 
tobacco flavour reahsed on adding valerlan root tinctures 3g 

Although several of the lsoprenold ketones encountered are classical perfume constl- 
tuents present m many essential 011s and various matenals for human consumption, only 
solanone11*18*35*36 and hexahydrofarnesylacetone 11~2g have previously been reported 
present m tobacco However, Demole and Berthet40 have kindly mformed us that they have 
independently established the presence m tobacco of one of these lsoprenold ketones, 
damascenone This IS an important aroma constituent of Bulgarian rose 011 (Rosa dumuscena 
Ml11 ) and its structure has recently been determined I7 Of the compounds under conndera- 
tion, only solanone, 11*1**35.36 farnesylacetone6* and hexahydrofarnesylacetone11*2g have so 
far been detected m smoke, but it seems highly probable that virtually all of them can be 
transferred to the smoke and contribute to the flavour of both tobacco and smoke Hence 
they represent potential additives for lmprovmg or altering the aroma. In fact, addition of 
6-methyl-Ihepten-Zone and geranylacetone, the presence of which m tobacco has been 

28 I OMSHI, H TOMITA and T F~KUZUMI, BUN Agrrc Chem Sot Japan 21, 239 (1957) 
” J N SCHUMACHER and L L VESTAL, unuubhshed result2 cited in ref 11 
3o W J CHAMBERLAIN and R L STEDMAN,Phytochem 7, 1201 (1968) 
31 D BTJRDICK. I SCHMELTZ. R L MILLER and R L STEDMAN. Tab Scr 7.97 (1963) 
” D BuRDrcK’and R L S&DMAN, To6 Scr 7, 113 (1963) ’ 

. . _ 

33 R L STEDMAN and M DYMICKY, Tob Scz 3, 57 (1959) 
34 M IZAWA, Y KOBASHI and S SAKAGUCHI, Bull Agrrc Chem Sot Japan 21,364 (1957) 
35 S OSMAN and J BARSON, Chem & Znd 699 (1966) 
36 T F~KUZIJMI, H KANEKO, H TAKAHARA, H NAKAMIJRA and J ON&HI, Nippon Senbar Kosha Chao 

Kenkyusho Kenkyu Hokoku, No 107, 269 (1965), Chem Abs 64, 11567~ (1966) 
37 S ARCZTANDER, Perfume and Fkzvor Chemzcals, S Arctander, Mont&u, New Jersey (1969) 
38 R YAMAMO~, K IT0 and H CHIEN, J Agrzc Chem Sot Japan 16, 800 (1940) 
39 M NIO, m Tobacco Industry, p 770, Sangyo-hyoronsha, Japan (1950) 
” E DEMOLE and D BERTHET, Helv Chum Acta 54, 681 (1971) 
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suggested but not proved,41*42 and of solanone has been stated to @ve organoleptlcally 
Improved tobacco. 41 Two of the constituents, 4 and 14, are new natural products. 

(I) (3) (261 

u---o’ GJ-. 
(32) (40) 

AALA.AA 
(26) (31) 

(12) (27) 

(13) (14) 

k/&A.-L-A 

(4) (30) 

(6) (29) (21) 

Several of the compounds encountered m the present study are nomsoprenoids and a 
large number of aromatic hydrocarbons have previously been shown to occur m the same 
tobacco 2 It seems probable therefore that many tobacco constrtuents are the result of 
oxldative changes, which may be non-enzymatic and could occur durmg drying, curmg and 
storage of the harvested leaf or even before harvest Previous studies of tobacco dlter- 
penolds43-51 seem to support this, as a number of these compounds could be vlewed as the 
result of a set of oxldatlon and/or rearrangement reactions, see Scheme 1 (Sohd line arrows 
indicate that the reactions have been accomplished chemically ) Thus 4,8,13-duvatnene- 
1,3-dlol (34, two dlastereomers)43 probably gives rise to the ketoaad (35, two dlastereo- 
mers),46 the aldehyde (36)“’ and, either directly or via the 1,5-dlol(37, two dlasteromers)44 
to the 5,8-oxides (38 and 39, two dlastereomers) 45 The aldehyde (36) and the ketoacld (35) 
constitute m turn adequate precursors for solanone (29)18 satlsfactonly explaming, as 

41 R. B GR-, R R JOHNXIN and A D QUINN, US Put 3 174 485, Chem Abs 62,150842e(1965). 
4z I W HUGHES, private commumcatlon 
43 D L ROBERTS and R L ROWLAND, J Org Chem 27, 3989 (1962) 
44 R L ROWLAND and D L ROBERTS, J Org Chem 28, I165 (1963). 
45 R L ROWLAND, A RODGMAN, J N SCHUMACHER, D L ROBERTS, L C Coon and W E WALKER, JR, 

J Org. Chem 29, 16 (1964) 
46 G W KINZER, T F PAGE, JR and R R JOHNSON, J. Org Chem 31,1797 (1966) 
47 J L COURTNEY and S MCDONALD, Tetrahedron Letters 459 (1967) 
48 W G DAUBEN, W E THIESSEN and P R RESNICK, J Org Chem 30, 1693 (1965) 
49 H KOBAYASHI and S AKIYOSHI, Bull Chem Sot Japan 35, 1044 (1962), tbzd 36, 823 (1963) 
5o W W REID, Blochem J 100, 13P (1966) 
51 J A. GILES and J N SCHUMACHER, Tetrahedron 14,246 (1961) 
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pointed out prevlously,46 the lack of head-to-tail arrangement m this compound. It should 
also be noted that cembrene 48 (33, thunbergene)4g the parent hydrocarbon and expected 
precursor of the above mentioned compounds (29,34-39) has only been isolated from tissue 
shces of N. l&mum after mhlbltlon of sterol synthesis by addition of tns(2-dlethylammo- 
ethyl)phosphate and &diethylammoethyldiphenylpropylacetate chloride 5o A further nuhca- 
tlon that these compounds are formed by non-enzymatic reactions is the co-occurrence of 
dlastereomers, which is rarely observed for dlterpenolds from other natural sources and 
which m the case of tobacco is further illustrated by the presence of a- and &levantenohdes.51 

&“, ------- &AA 
(36) (29) 

SW 1 POSSIBLE RELATIONSHIP BETWEEN SOME TOBACCO IsopRENoIDS 
The formulae have been drawn 111 the above manner to account for the known stereochem&y of 

double bonds m 34,alLrruns, but do not Imply any other con6guratlonal asstgnment. 

Four of the compounds given m Table 1(1,3,26,32) and p-ionone (40), encountered m a 
new larger batch of Greek tobacco presently being investigated in this laboratory, possess 
carbon skeletons identical to those encountered as terminal parts of many carotenolds, e g. 
j%carotene. It has recently been demonstrated that @onone (40) and drhydroacnmdrohde 
(32) are formed from &carotene on photooxidation. s2 Moreover, recent work on photo- 
oxidation of carotenolds and related compounds has shown that, m addition to the afore- 
mentioned oxidatlve cleavage of the 9,IO-bond, similar fracture of the 11,lZbond and 
oxygenation of the 5,6 and 8 positions are encountered reactions s3-ss It seems conceivable 
therefore that the compounds j?-cycloatral, safranal, damascenone, dihydroactmldlolide, 
are formed m this manner. It is of interest that a- and p-carotene, lutem, zeaxanthm, 
cryptoxanthm, flavoxanthm and vlolaxanthm have been shown to be present m tobacco, 
and that many of these are adequate precursors for the compounds under consideration s6 

The acyclic nor-lsoprenolds, which m contrast to solanone (29) display a regular arrange- 
ment of lsoprene units, can be expected to be derived m a similar manner from lugher non- 

52 S Isoe, S B HYEON and T. SAKAN, Tetrahedron Letters 279 (1969) 
53 M MOUSSERON-CANET, J -P DALLE and J -C MANI, Tetrahedron Letters 6037 (1968) 
s4 C S FOOTE and M BRENNER, Tetrahedron Letters 6041 (1968) 
55 R S BURDEN and H F TAYLOR, Tetrahedron Letters 4071 (1970) 
56 H E WRIG~, JR, W. W BURTON and R C. BERRY, JR, Arch. &ochem Bzophys. 82,107 (1959). 
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cychc zsoprenolds Possible precursors so far encountered m tobacco for 6-methyl-5-hepten- 
2-one (31), geranylacetone (30), and farnesylacetone (27) are phytoene, phytofluene, 
solanesol and solanesyl denvatlves , hexahydrofarnesylacetone (12) could szmllarly be 
derived from phytyl derzvatlves (vzde Z&I) 3p56 6-Methyl-Zheptanone (28), 6-methyl-3,5- 
heptadlen-2-one (4) and #-zonone (6) may arzse from other lsoprenolds so far not detected m 
tobacco 

The occurrence of 2,3,6-tnmethyl-1,Cnaphthoqumone (13), which has previously been 
Isolated from tobacco smoke,30 and the correspondmg 2,3-dzmethyl derivative (14), IS of 
interest m this context It seems conceivable that the latter arises from vltamm K1 (41), a 
known tobacco constituent,“’ by oxzdatlve cleavage of the phytyl double bond and subse- 
quent decarboxylatlon of the resulting &y-unsaturated acid (42), see Scheme 2 The postu- 
lated formation of nor-solanesene,5* recently isolated from the same Greek tobacco, pro- 
vides an example of a similar route, also accomphshed chemically, which mvolves oxldatlon 
of solanesol and decarboxylatzon of the resulting cc&unsaturated acid It seems probable 

+. 
H 

- ~.... + Oe-flH 
0 

-3 (42) 
(12) 

(41) 

SCHEME 2 POWBLE WAY 0s FOR~~ATION OF 2,3-DIMETHYL-1,4-NAPHTH~~LJIN~NE (14) AND HEXA- 
HYDROFARNESYLACETONE(~2)INTOBACCO 

that 2,3,6-tnmethyl-l,Cnaphthoqumone, readily dlstmgulshed from the correspondmg 
2,3,5-tnmethyl denvatlve by comparison of mass spectra and retention times, may anse m a 
similar manner from compounds not yet detected m tobacco, e g 2,3-dzmethyl-6-phytyl- or 
2,6-dimethyl-3-phytyl-1,Cnaphthoqumone Moreover, these reactions would, as mentioned 
above, also account for the formation of hexahydrofarnesylacetone (12) In vzew of the 
present findings, the earlier proposal 3o that 2,3,6-tnmethyl-1,4-naphthoqumone may be 
formed m the smoking process from vztamm K1 by thermal cleavage of the 1’,2’-bond and 
subsequent methylatlon of C(6) m the resulting radical seems less satisfactory than sample 
transfer from the tobacco to the smoke 

EXPERIMENTAL 

Materials and methods The solvents, slhca gel and drymg agents used m the present study were purified 
as described earher 2 NMR spectra were recorded m CD& and IR spectra m Ccl,+ GC-MS was carried out 
on a modmed LKB 9000 mstrument operated at 70 eV, m which the ongmal gas chromatograph had been 
replaced by a home made umt eqmpped wrth a capdlary InJector, a device for mtroductlon of make-up gas, 
a splitter and a flame lomzatlon detector (FID) The sIgna for the FID could be detected a few set prior to 
that of the total Ion current sensor of the mass spectrometer due to different travellmg time after the sphtter 59 

” R L ROWLAND and J A GILES, Tab Scz 4,29 (1960) 
58 C R ENZELL, B KIMLAND and L -E GUNNARSSON, Tetrahedron Letters 1983 (1971) 
” J ROERAADE and C R ENZELL, Acta Chem Sand 22,238O (1969) 
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The capillary columns used m the present study were made by coatmg stamless steel tubes (50 m x 0 5 mm 
or 50 m x 0 25 mm, Handy and Harman grade 316-S) wtth Aptezon L (Assoctated Electrtcal Industrtes, 
England) dtssolved m hexane (10 o/o using the dynannc method 6o 

Analyttcal GLC was performed on a Vartan 1700 mstrument eqmpped wtth a captllary mlector and a 
flame tomzatron detector Preparative GLC was performed on columns (2 m x 3 2 mm) packed wtth 3 5 % 
OV 17 or 5% Carbowax on Chromosorb G usmg the same type of instrument but now equtpped wtth an 
ordmary mjector and an outlet splitter dtvtdmg the e&tent between the FID and heated outlet tube m a 
1 10 ratio Fractions were collected m U-shaped teflon tubes (150 mm x 2 mm) havmg one end mserted m 
the heated outlet tube, the center kept at about -70” and the other end eqmpped wtth an electrostattc 
precipttator 61 

Preparation of some reference compounds Hexahydrofarnesylacetone prepared by of 
farnesylacetonee2 mg) m (3 ml) 2 hr room temp atmos pressure 10% Pd-C 

mg) as The reaction was filtered, wtth H20 ml) and extracted 
wtth Removal of solvent left colourless hqmd rng) which to be 
when gas on a column Pure (130 mg) obtamed m 

same way catalytic hydrogenatton 6-methyl-3,5-heptadten-2-one6’ (145 usmg the amounts 
of and catalyst was made to the of Oddo64 

The tsolatton the fractions m thts has been m detatl 2 
Sun-cured tobacco, Mcotrana grown m 1968, was wtth pentane ether 
The soluble maternal the extracts dtsttlled zn using CO2 carrter6’ as m 
Scheme (the weights are not due to fact that solvent has been completely 

to avoid of very material) 

Greek Tobacco (31 kg 1 
t 

Pentone Soluble Moterlol 

1 
co2 -dM 

Volotlle Froctlon ( 160 g) 

Neutrals ( IS I g) __JI :,“:d”,’ : :f5”,: 

Girord T 

t- 

Remomder 

S102 chromatography 

Hydrocarbons (4.1 g) 
I t 

1 A CARBONYLS (2 8 g)] IB OXYGENATED COMPOUNDS (4 4 g)) 

SCHEME 3 ISOLATION AND SEPARATION OF THE FRACTIONS INVESTIOATED 

The drsttllate was extracted consecuttvely wrth aq H2S0.+ and NaOH to ehmmate acidic and baste 
maternal and give a neutral fractton The neutral carbonyl contammg compounds were parttally separated 
vta their water soluble Guard T saltse6 gtvmg fraction A The remammg neutral fraction was separated on 
sthca gel mto hydrocarbons and a fraction contammg the more polar compounds, fractton B Fractions A 
and B-were rechromatographed separately on silica gel columns usmg per&e-ether nnxtures as eluents to 
gave seven (115,73, 322,256, 153, 196, 126 mg) and eight (412,244,177,122,228,547,895,764 mg) fracttons 
resoecttvelv Each fractton was studted by GLCand by GC-MS Most of the fracttons were found to be 
complex and usually contamed from 50 to 200 components A hmtted number of the components could be 
isolated by preparative GLC (22 and 23) or by column chromatography on AgNOa-impregnated s~hca gels7 
(12, 16,27,29, 30 and 32), see Table 1 

6o G DJJK~TRA and 3 DE GOEY, m Gas Chromatography (e&ted by D H DESTY), p 56, Butterworths, 
London (1958) 

61 P KRAT~, M -JACOBS and B M MITZNER, Analyst 84,671 (1959) 
62 S OSMAN and J BARSON, TO/J Scr 10.85 (1966) 
63 J D SIJRMATIS and A ~FNER, J Org. Chem G, 2735 (1963) 
64 B ODDO, Chem Ber 43, 1012 (1910) 
65 C R ENZELL, B KIMLAND and A ROSENGREN, Acru Chem Stand 24, 1462 (1970) 
66 A GIRARD and G SANDULESCO, Helv Chum Actu 19, 1095 (1396) 
67 T NORIN and L WESTFELT, Acta Chem Stand 17, 1828 (1963) 
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