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Abstract-Photo-irradiation of longibornyl iodide in n-heptane containing some triethylamine as scavenger for 

hydrogen iodide, furnished rearranged hydrocarbons (longifolene. longicyclene and longiborn-g-ene). Citronellyl 

iodide, under similar conditions, led to simple elimination (to furnish 2,&dimethylocta-2,7-diene) and n-participation 

(to yield trans-p-menth-Gene) to almost equal extent. A possible mechanism for these reactions is discussed. 

Photochemistry of simple alkyl iodides has been fairly 
extensively investigated.’ It is generally believed that 

absorption of light by an alkyl iodide (at - 250 nm) leads 
to homolytic dissociation of the carbon-iodine bond 

generating a “hot” alkyl radical which undergoes typical 
radical reactions; in the case of higher alkyl iodides, 
elimination of hydrogen iodide leading to an alkene be- 

comes an important reaction and is considered to be a 
cage reaction.” In a recent study, Kropp et 01.~ concluded 

that in some cases photoreactions of alkyl iodides are best 
explained in terms of cationic intermediates. Our own 
investigations, described below, lead us to a similar 

conclusion. 

LONGLBORNYL IODIDEO 

The longibornyl cation (1) is important in the chemistry 

of longifolene (2).’ Since, photolysis of a carbon-iodine 
bond is considered to proceed by homolytic cleavage,’ 
photolysis of longibornyl iodide (3) should generate the 

radical corresponding to 1, the subsequent fate of which is 
of obvious interest. Longibornyl iodide’ in n-heptane 

containing some triethylamine (to act as HI scavenger) was 
irradiated till all of longibornyl iodide had disappeared 

(TLC). The product was worked up to furnish a 
hydrocarbon mixture (yield 84%). which was found to 
consist of longifolene (2,40%), longicyclene (4.44%) and a 
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new hydrocarbon (l4%), which has been shown to be 5 
(longiborn-8-ene, Gfe infru). It must be pointed out that 

when a mixture of longibornyl iodide and triethylamine in 

n -heptane was kept aside in the dark for as long as 30 days, 
no change was detected. 

The new hydrocarbon, from its spectral data (PMR: 4 
tert. Me, 3H singlets at 0.77,0.81,0.87 and 1.02 ppm. Cis- 

CH=CH-CH2, 2H, bm, 4.70-5.35ppm; IR, 1660, 

I I 

704 cm ‘) was clearly 5 or 6. That this is so, was confirmed 

by preparation of authentic samples of 5, 6 from 
longibornan-9-01 (7).” Pyrolysis of the acetate 8 at - 500” 

furnished a mixture of two hydrocarbons having RRT 

1.00(76%) and 1.20(24%). Of these, the hydrocarbon with 
RRT 1.20, was found to be identical with the photo- 
product. It was not possible to distinguish between struc- 

tures 5 and 6 on the basis of spectral data alone. Hence, 
the major product from the pyrolysis of the acetate 8 was 

ozonized followed by chromic acid oxidative work-up,’ to 
yield a crystalline dicarboxylic acid (m.p. 177-178’). Its 

dimethyl ester (CnH~OI; M-, m/e 2%) shows in its PMR 
spectrum two tert. methyls relatively down-field (PMR: 
Me, 3H singlets at 0.88.0.88, I.12 and 1.20 ppm; COOMe, 
3H singlets at 3.58 and 3.63 ppm). Keeping in view the 
fact” that a Me attached to a carbon carrying a methoxy- 

carbonyl group is deshielded, structure 9 should represent 
the product of ozonolysis and hence, the photo-olefin 
must be 5. Since an authentic sample of olefin 6 was on 
hand, it was possible to show (GLC) that this is also a 

product of this photoreaction, but a minor product (< 2%). 
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CITRONELLYL IODIDEt 

Photolysis of citronellyl iodide (10) was investigated to 
see if any product of n-participation leading to say 12a 
was formed.’ Though photocyclization of certain aroma- 
tic iodo compounds has been achieved,‘” no example of 
the type outlined earlier, is on record. 

Citronellyl iodide (10). obtained from citronellyl tosy- 
late” and NaI, was irradiated (NZ) as a 1% soln in 
n-heptane containing some triethylamine, till a photo- 
stationary state was reached (15 h). The product consisted 
essentially of two major and two minor hydrocarbons 
with RRT of 1.00 (52%). 1.45 (35%). 1.80 (6.5%) and 2.00 
(6.5%). The hydrocarbon with RRT 1.0 proved to be the 
simple elimination product 11 and this was confirmed by 
comparison with an authentic satnple prepared by the 
Wolff-Kishner reduction of citral. The second major 
component, from its spectral data (IR, PMR), was clearly 
the expected cyclization product and by comparison of its 
IR and PMR spectra with those reported in the litera- 
ture”.” for cis- and frans-p-menth-8-ene it was identified 
as the trans-isomer (12a). The two minor constituents 
were identified as the cis-isomer 12b (RRT, 1.80) and 13 
(RRT, 2.00), only by mixed GLC with authentic samples.” 
No change was detected when citronellyl iodide and 
triethylamine were kept aside in heptane soln in the dark 
(15 days). 

In an attempt to raise the yield of the cyclized products, 
irradiation was carried out in two other solvents, benzene 
and methanol. Benzene soln gave essentially the same 
results, whereas irradiation of methanol soln resulted in a 
very complex product (at least 12 components by GLC) 
which was not investigated further. However, a definite 
temperature effect was noticed. When the irradiation of 
heptane soln was carried out at 55-6@‘, instead of the 
usual room temp. (24-28”) the total yield of the cyclized 
products (in essentially the same ratios) increased to 55% 
at the expense of 11. This photocyclization reaction has 
interesting possibilities and is being investigated further. 

DISCUSSION 

Though it may be possible to rationalise the formation 
of the various products from the two photoreactions 
described above, by a radicalpathway involving photodis- 
sociation, radical cyclization (leading to a precursor for 
12a,b and 13), elimination-readdition sequence” (finally 
leading to 2), transannular shift” (for generating 5). the 
almost complete absence of any reduced product (such as 
2,6-dimethyl-act-2-ene from 10). in each case, in the 
reaction mixture, mitigates against such a mechanism. A 

cationic intermediate is not only fully consistent with the 
products in each case. but explains best the formation of 
longicyclene (4; 1,3-elimination) from longibornyl iodide. 
It is conceivable that initially homolytic photodissociation 
occurs, rapidly followed by a fast electron-transfer pro- 
cess in the solvent cage. 

It may be pertinent to point out here that solvolysis of 
longibomyl chloridetR or bromide” in buffered refluxing 
aq. ethanol is known to give longifolene only, whereas in 
presence of alkali both longicyclene (26%) and longifolene 
are produced. We now find that longibornyl iodide, also, 
behaves similarly and no transannular product (cf. pro- 
duct composition from photo reaction) was formed. It is 
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suggested that the photoreaction generates “hot” car- 
bonium ions,m which are expected to be less discriminat- 
ing, resulting in a greater product complexity. 

EXPFJWMhWAL 

All m.ps and b.ps are uncorrected. Light petroleum refers to the 

fraction b.p. 60-80”. Optical rotations were measured in CHCI,. 

The following instruments were used for spectral data: Perkin- 

Elmer lnfracord Model 137E (IR); Varian Associates A-60 Spec- 

trometer (PMR); CEC Mass Spectrometer. model 21-I IOB (Mass: 

70eV, direct inlet system); “Aerograph” model A-350-B (GLC; 

3OOcm x 0.5 cm Al columns packed with 20% diethylene glycol 

succinate on Chromosorb W of 60-80 mesh. H2 as carrier gas). All 

PMR spectra were taken in l>20% solnin CCL with TMS as 

internal standard; signals are reported in ppm (6). While citing 

PMR data the following abbreviations have been used: s (singlet), 

d (doublet), t (triplet), q (quartet), m (multiplet) and b (broad). To 

summarise the mass spectral data only the molecular ion and the 

ten most abundant ions (above m/e 50) are given with their 

relative intensities. Photoirradiation was carried out with Hanovia 

high pressure mercury vapour lamps using an immersion-type 

water-cooled set-up. 

Longihornyl iodide 

A soln of longifolene (8.0 g) in gl. AcOH (55 ml) cooled to - lo” 

was saturated with gaseous hydrogen iodide” (swept over with 

oxygen-free N2). The soln, from which some solid had started 

separating, was kept overnight (- I4 h) at IO”. The solid (7.5 g) was 

collected by filtration and recrystallised from EtOH to furnish 

white needles, m.p. 70-71’. (Lit.‘, m.p. 70”). AZ::‘:” 261 nm (6 665). 

IR (Nujol): 708, 762. 800, 850, 900, $15, 945, 980 and 1026cm ‘. 

PMR: 4 tert. Me’s (3H, s, 0.83.0.95, 1.02 and 1.12 ppm), -CHCHI 

(lH,q,4.23ppm, J,=6Hz, J2=2Hz). 

Photoirradiation of longibomyl iodide 

Longibomyl iodide (I.35 g) in pure n-heptane (130 ml) contain- 

ing Et,N (1.5 ml) was irradiated with a 100-W lamp, suspended in a 

double-walled, watercooled, clear-fused quartz well. using a 

Vycor filter sleeve. A minute steady flow of oxygen-free dry N, 

was passed through the reaction mixture. The progress of the 

reaction was followed bv GLC. After all lonaibornyl iodide had 

disappeared (6 h), the &In was filtered, the filtrate-washed with 

10% aq Na2S,0, (IO0 ml x 2). water (100 ml x 3). dried (Na2S0.) 

and freed of solvent (at 40-50 mm) to furnish a yellowish liquid 

(0.84 g). This material was passed through a column of silica gel 

@a*‘, 51 x 2cm) which was washed with light petroleum (100 ml x 

3). Removal of solvent yielded a hydrocarbon mixture (0.69g). 

which was chromatographed on a column of IS% AgNO,-on- 

alumina (70 x 2 cm): 

Fr. I Light petroleum IO ml x I2 238 mg. longicyclene 
(4; GLC, PMR) 

Fr. 2 Light petroleum IO ml x 4 I I mg, mixture (4 t 2) 

Fr. 3 Light petroleum IO ml x 23 254 mg, longifolene 
(2, GLC, PMR) 

Fr. 4 Light petroleum 10 ml x 8 108 mg, 
S(+traces of 4, GLC). 

Fraction 4 was further purified by rechromatography over 

AgNO,-A120, (9OX2cm) to furnish 61 mg of pure 5, b.p. 122 

(bath)/10 mm. MS: m/e 204 (M’. lOO%), 189 (61%), 161 (59%). 148 
(57%). 147 (53%). 133 (SO%), 94 (50%). 119 (49%). 105 (490/c), 107 

(46%) and 149 (44%). (Found: C, 88.06; H, 11.69. C,,H,, requires: 

C, 88.16; H, 11.84%). 

Pyrolysis of longiboman -9-01 acefate (8): fongiborn -8-ene (5) and 
longibom-9-ene (6) 

A mixture of longiboman8-ol (12 9): dry pyridine (18 ml) and 
acetic anhydride (36ml) was set aside at room temp (-27”) for 

24 h and worked up in the usual way to furnish the required 

acetate (13.7g), b.p. 132-134”/3 mm. 
The above product (13.5 g) was passed during 90 min through a 

bed (48 x 2 cm) of broken Pyrex glass pieces maintained at 500 -t 
5”; the addition was carried out under a mild suction (pressure: 
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-650 mm) under N2 atmosphere. The pyrolysate was taken up in 
light pretroleum (IS0 ml), washed with water (IOOml X 3). dried, 
freed of solvent and distilled to give a liquid (6.64g), b.p. 136- 
138”/15mm. The product consisted of two components (GLC: 
temp. 1600; HZ flow 30 ml/m@ having RRT of I .00(76%) and 1.20 
(24%). These were separatd by preparative GLC (30% diethylene 
alvcol succinate on 30-60 mesh Chromosorb W; column 300x 
i cm; temp 150”; H, flow, 150 ml/min). 

Lonaibom-9-ene (4; RRT. 1.00). B.D. 120” Cbath/lOmm. lolo- . .~ 
5.75 cc: 5.20/c). IR (Film): -f?HkH- icis) 1650, 708 cm-‘. PMR 
(CCL): four tertiary Me’s (3H singlets at 0.82,0.88,0.88 and 0.93 
ppm), -CHXH=CH- (2H, bm, 5.03-5.70ppm). MS: m/e 204 
(M’, lOO%), 93 (62%), IO5 (58%), 91 (58%), 95 (57%), 133 (55%), 
119 (53%), 161 (51%), 94 (48%), 189 (45%) and 107 (43%). (Found: 
C, 88.35; H, 11.74. CIJH2, requires: C, 88.16; H, 11.84%). 

Longibom-8-w (5; RRT, 1.20). B.p. 125” (bath/lOmm, [all, 
t 9.6” (c, 4.85). IR (Film): -CH=CH- (cis), 1660, 704 cm ‘. 

Degradation of longibom-9-ene lo 9 
The hydrocarbon 6 (1.1 g) in EtOAc (130 ml) was ozonisM (0, 

cont. in the oxygen stream O.eg./h) at 0” till no more 0, was 
absorbed (20 min). The solvent was removed (-40”/50 mm), the 
residue taken up in acetone (15 ml). chilled in an ice-salt bath and 
treated’ with Jones reagent till a slight excess was present (-- 8 ml). 
The reaction mixture was diluted with water (IoOml), product 
taken up in ether (100 ml x 3) and sewted into acidic and neutral 
products with aq NaXO,. The acid part (0.53 g) was recrystallised 
from CH,CN to furnish white prisms, m.p. 177-178”, of the 
required acid (Found: C, 67.39; H, 9.04. C,‘H2,0. requires: C, 
67.13; H, 9.02%). Esterification with diazomethane gave the 
dimethyl ester 9: b.p. 152011 mm, [aID t7.2” (c, 5.0%). MS: m/e 
2% (M’, 14%), 223 (100%). 181 (68%), 222 (43%), 265 (18%). 182 
(18%). 179 (17%), 237 (16%). 224 (16%) and 183 (16%). 

Citronellyl iodide (10) 
A mixture of citronellyl tosylate” (log), acetonitrile (60 ml) and 

dry Nal (12 g; dried by azeotropic removal of water with xylene) 
was refluxed (3 h), the bulk of solvent distilled off and the residue 
treated with water (5Oml). The product was taken up in ether 
(50 ml x 4), the extract washed with 10% aq sodium thiosulphate 
(25 ml x 2). brine and dried (Na*SO.). The solvent was flashed off 
and the residue distilled to furnish 10 as a pale yellow oil (8. I g): 
b.p. 116-118”/10mm, ng 1.5040, AZ- 256nm (c, 444). PMR: 
CH,CH (3H, d, 0.90 ppm, J = 6 Hz), (CH,), C=C (3H singlets at 
1.60 and 1.67ppm), (CH,), C=CH (IH, t, 5.53ppm, J =7Hz). 
-CH,I (ZH, t, 3.17ppm, J = 7 Hz). (Found: C, 45.62; H, 7.60. 
CIOHIPI reqmres: C. 45.11; H, 7.14%). 

Photoirradiarion of citronellyl iodide 
Citronellyl iodide (3.5g) in n-heptane (35Oml) containing 

triethylamine (5 ml) was irradiated with a 25&W lamp exactly as 
described earlier, and worked up (after I5 h) in the same fashion to 
furnish a product which was distilled: b.p. 180-190” 
(bath)/710mm, yield 1.4g. The major products (II, 12p) were 

separated by preparative GLC (3 m x 1 cm column packed with 
30% diethylen&lycol polysuccinate on 60-80 mesh &romosorb 
W; temp. 130”; 30 ml H,/min; each injection 200 4). Compd. 11: 
&’ 1.4410. Compd. 1211: n? 1.4540. 
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