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Abstract - %alts derived from 2-alkylmercapto-1-methylimidazoles lb-e and 3-alk-
ymercapto-4-methyl-1,2, 4-triazoles 2b-d have been found to undergo photochemi-
cal heterolytic fission of the 5-alkyl bond in aqueous or methanolic sclution to

give solvolysis-type products.

Intreduction, Photoinduced solvolysis of the system R-X (X = halides3, acetatea,

.5
ammanium

diates

N 6 . L
and sulfonium salts ) has previously been observed and carbocationic interme-

frequently postulated. However, these X groups have proved to be of Ilimited

+
applicability as photochemical leaving groups for producing cationic species of the type R ;

and,

cyclic

doubt.

except in certain cases where R has been either benzyl or some specific bridged
system, the intervention of ionic intermediates has not been established beyond

This bhas now led tc a search for new and more widely applicable leaving groups

which could facilitate photosolvolysis reactions,

1

A priori such leaving groups would have to satisfy the following requirements:

a)

bl

cl

The leaving group X should be transformable into a reactive pheotoexcited state.

The R-~X bond should undergo efficient heterolysis by withdrawing the bond electrons

the X group, i.e. the latter should be electron deficient (serve as an electron

sink).

Attachment to a variety of R groups should he facile,

In this paper a number of photoreacticns of S5-alkylated derivatives of 2-mercapto-1-meth-

ylimidazole and 3-mercapto-4-methyl-1,2, 4-triazole, and of their salts, will be described.

a

Photochemical Reactions, 123"d communicationi. b Part VI of this ser‘iesz. € Part of

this work was dene at the Organic Chemistry Laboratory of The EidgenBssische Technische

Hochschule, CH-8092 Zurich, Switzerland.
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2-Alkylmercapto-1-methylimidazoles 1ib-e and 3-Alkylmercap-

2. Results of photelysis.

to-4-methyl-1,2, 4-triazeles 2b-d were prepared by treatment of 2Z-mercapto-l-methylimidazole

(1a) and 3-mercaplo-4-methyl-1,2,4-triazole {2a}, respectively, with the corresponding alkyl

halide in ethanol.

Quaternary salts 3b-d were prepared. by reaction of methyl icdide with the correspond-

ing atkylmercaptoazoles 1b-¢ in acetone.

Irradiation of 2-benzy!mercapto-1-methylimidazole {1b) in methanol led to the S — N

benzyl migration product 4 in 35 % and to the debenzylation product la in 32 % yield at

about 80 % conversion of b,

Similar irradiation of 3-benzylmercapto-d-methyl-1,2 4-triazole (&) led to almost com-

plete conversion, giving {a} the §—= N benzyl migration product 5 (35 %}, (b} 5 —C benzyt

migration preduct 6 (13 %}, and (c} debenzylation product 2a (47 %}.
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These results now led to the belief that N-protonated or N-alkylated alkylmercaptoazoles

as depicted in Scheme 3 (1, Z = CH, R' = H or alkyl} would be likely to undergo, at least
partially, photochemical heterclytic $5-R bond fission (path A}, to give imidazoline-2-thiones
{8, Z = CH, R' = H or alkyl} or 1,2,4-triazeline-3-thiones (8, Z = N, R’ = H or alkyl) as

the one fragment and reactive alkylcations (R+) as the other.

In accord with this assumption, irradiation of 1b and 2b in acidic medium did, indeed,
proceed with almost complete suppression of benzyl migration: Compound _1_, on irradiation
in acidic methanold, gave compound 4 in only 12 % yield at 75 % conversion; irradiation of
2b under the same condition gave compound 5 1n only § % vield at ca 80 % conversion; and
none of & was isolated. At the same time, in bDoth cases, a mixture of more volatile
products was formed; composed {through solvent participation} of benzyl methyl ether (10},
o- (11} and p-cresyl methyl ether (12}; in 55 %, 0.2 % and 0.6 % yield respectively, from
b, and n 53 %, 0.3 % and 0.3 % yield, respectively, from 2b (calculated on conversion of
starting materials). There was no such conversion when sotutions of 1b and 2b in acidic
methanol were kept in the dark for several days at room l:-:rnper‘atur‘e.

A similar heterolytic process was observed also with 2-benzylmercapto-1,3~dimethylimid-
azolium iodide (ﬁ), but here the reaction proceeded more sluggishly and was inhibited

further by iodine formation; hence product yields could not be determined accurately.

Photolysis was carried out using a medium pressure mercury lamp (either lamp A or B,

see Experimental part] with a quartz immersion well {A >235 nm Light).
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This type of photolysis was now examined in the case of analogous acyclic monoterpene

derivatives, a field where solvolytic reactions have received much attention in connection

with biosynthetic pathways in the formation of cyclic terpenes.

Scheme 4

=

Me 13 14a 14b

Td- HCI - OH

NCI- OH

2d- HCI

Table 1. Irradiation of lc, 1ld and 2d 1n acidic water

Run Start. Irrad. Product ratio Total
compd. temp. yleld
13 14 15 16 (%)
1 1c 20° 40 10 a5 5 55%
2 1d 2¢° 21 5 37 37 6c®
-
3 1a 20 33 8 20 38 3P
4 1 -2 57 14 7 21 16°
5 14 718" 80 20 - - 10°
€ ad 20° 8 2 23 67 61

a Photolysis by method a (see Experimental part}
b Photolysis by method b (see Experimental part)
® in glycercl — 0.1 N ag, HC1 1 : 1
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Scheme 5
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Table 2. Irradiation of ic, 1d and 2d in acidic methanol

Run Start. Product ratic Total
compd . yield
13 014 17 18 18 20 (%
1 lc 40 10 27 21 - - 52
2 1d 30 g 29 - 21 a9
3 2d 17 5 31 - 19 29 45
Scheme &
hllle
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N |
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H
Te-HCI
+ OH
H H
OH OH
21 22a 22b 23
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Irradiation of Z-geranylmercapto- {lc) and 2-nerylmercapto-l-methylimidazole (1<), and
of 3-neryimercapto-4-methyl-1,2,4-triazole (gﬁ)d in acidic water gave mixtures of wvolatile
products, separable by GC, and found to consist of myrcene (13), cis- (l4a) and
trans-ocimenea (ﬁ), linalool (_1_2) and eo-terpinecl (lg), in different ratios depending on
the starting material as well as on the irradiation conditions (see Table 1}.

On irradiation in acidic methanol, atll three compounds 1Ic, 1d and 2d again gave

products whose structures showed evidence of solvent participation, i.e. methoxy derivatives
17, 18, 19 and 20 ; as well as hydrocarbons 13, l4a and 14b : in the relative amounts

shown in Table 2.

Phototysis of 2-geranylmercapto- (3c) and 2-nerylmercapto-1,3-dimethylimidazolium iodide
(ﬂ)cj in neutral aqueous solution gave the same wvolatile products as those obtained under
acidic conditions from lc and 1d, though at a lower reaction rate. Because of the
difficulty in obtaining compounds 3¢ and 3d in pure form, the yields of their products
could not be accurately determined.

The photolysis of 2-citronellylmercapto-1-methylimidazole (l_e)d in acidic water was slow,

giving a mixture aof volatile products in ca 50 % yield. This consisied of a mixture of
compound 21, and of alcohols 22a, 22b and 23 in the ratio, 9 : 3 : 2 : 1, together with

about 10 % of unidentified products.
As a control measure, sclutions of these azole derivatives were kept in the dark at

room temperature and were found 1o be stable under these conditions for several days.

3. Structures of photopreducts. Products 13-16, 21 and 24 were identified by
comparison with authentic specimens. Structure determination of other products was based

on spectral and analytical data (see Experimental part).

Product 4, 5 and 6 are isomers of their precursors 1b and 2b, respectively, differing
only in the position of the benzyl group; and their structures were easily determined from
1H—NMR spectra in which 4, 5 and 6 showed two, one and no signals, respectively, due to
the protons on the azole ring.

Compounds 17, 18, 19 and 20 were formulated as the methyl ethers of linalool, geraniol,
nerol and a-terpineol, respectively, on the bases of spectrat and analytical data. In each
case the 1H—NMR spectrum was very similar to that of the parent alcohol (except, of
course, for the -OMe proton signall,

Two products cbtained from the irradiation of la in acidic water were formulated as the

diastereomeric alcohols 22a and 22b, and these were identical with the catafytic hydrogena-

tion products of w-terpineol, although the relative stereochemistry of either has not been
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determined as yet.

4, Discussion. In the photolysis of 1b and 2b in methanol, the formation of benzyl

migration and debenzylation products (Scheme 2) indicates ca 50 % recombination between

R . e . .
benzy! and thioazole radicals - this presumably occurs via S-benzyl heterclytic bond
fission. On the other hand, in the case of the corresponding N-protonated and N-alkylated
salts (structure 7 in Scheme 3), one expects, instead, heterolytic S-benzy! bond cleavage

(via path A}, giving stable imidazoline-2-thione or triazoline-3-thiones {8} as one fragment
and the reactive benzyl cation as the other. Indeed, the intervention of the tatter and of
its canonical form is indicated by the formation of the methyl ethers 10, 11 and 12 when
1b and 2b were photolyzed in acidic and 3b in neutral methanolic sofution.

Photochemicat bhenzyl cation formation has previously been demonstrated in the case of
benzyl acetalesh, benzyl ammonium salts5 and benzyl sulfonium saltss. In these cases the
benzyl group was the only chromophore present, and hence bond fission must have been
initiated by its excitation, In our present case of salis of benzylmercaptoazoles, however,
it would be reasonable to expect excitation of both benzyl and thioazole chromophorese and
this should facilitate heterolytic S-benzyl bond fission.

That a mechanism requiring the excitation of the thloazole chromophore might apply in
the case where group R in 7 is alkyl and not benzyl was indicated by the photolysis of
the acyclic monoterpene derivatives, Jlc-e and g_g_-g in acidic, and of 9_5—2 in neutral
medium. The incorporation of hydroxyl and methoxyl groups to a considerable extent inte
the products (see rumns 1,2,3 and 6 in Table 1, and runs 1,2 and 3 in Table 2) was clear
evidence of ntervention of carbocations in these reactions.

The fact that photolysis of 1c and 1d in acidic methanol gave geranyl methyl ether (E)
and neryl methyl ether (E), respectively, in considerable ratios, whereas photolysis in
acidic water gave only trace amounts of geraniel and nerol appears to be due to the
relative nucleophilicity of these solvenis.

The formation of hydrocarbons such as 13, 14 and 21 couid be explained by radical
intermediates, although an alternative path involving proton elimination from an intermedi-
ate cation is also conceivable. The latter alternative is supported by the results obtained
from irradiation of 1c and 1d in acidic water, in which the former gave a higher

hydrocarbon/alcoho! ratio than the latter, Perhaps this can be explained by assuming that

€ such Ciaisen-type rearrangement of a wvariety of 2-alkylmercapto-l1-methylimidazoles are

known to result from thermolysis of these compounds7.
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the gerany! cation generated from lc, contrary 1o the neryl cation generated from 1d, is

geometrically unable to cyclize to give product 16, and that instead proton elimination
takes place léading to increased hydrocarbon formation.

In conclusion it has been shown that photosolvolytic cfeavage of compound 7 type R-X,
whose R can be a grocup such as benzyl, allyl and alkyl, is a feasible process when the
leaving group X 1s the salt form of a group such as 1-methylimidazole-2-thio and
4-methyl-1,2,4-triazole-3-thio.

Although admittedly the data so far obtained are for a Ilimited number of examples
only, this type of reaction may constitute a useful method of generating carbocation which

can be carried out under a variety of conditiens.
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Experimental Part

Generatl. - Melting peints {M.p.} were taken using a Blichi apparatus (type Dr.
Tattori) and are not corrected. - UV spectra were measured on a Perkin-Elmer apparatus

(model 402) or on a Shimadzu apparatus {model UV-300}, the maxima are given in nm
(extinction ¢ ). - IR specira were measured on a Perkin-Elmer-spectrophotometer [(model

297} or on a Japan Spectroscopic Co. apparatus (model IR-S5) and recorded In cm_I. Mass

spectra were measured omn a Hitachi-Ferkin-Elmer RMU-6M instrument or on a Shimadzu

LKB-9000 instrument and recorded in m/e (relative intensity). - 1H—NMR spectra were

measured on a Varian H-100 or XL-100, or on a JEOL FX-100 instrument (100MHz); chemical
shifts are given in ppm {in § } relative to TMS (= 0 ppm) as internal standard; s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad, coupling constant J = in Hz.

Thin layer chromatography was carried out on Merck DC- Fertigplatten ;| Kieseigel 60

F-254, and column chromatography on silicagel Merck (0.063 - 0.200 mm) or- WAKO C-200.

Gas chromatoegraphy (GC) was performed on a Shimadzu apparatus {model 4-APF) or on a

Varian apparatus (model 90-P}.
For irradiation, medium pressure mercury lamps QM 125, Meda-Licht AG, Basel (lamp A)

or  UM-452, Ushio Ele:.-ctr'ic Inc., Tokyo ({(iamp B) wusing quartz immersion well. For

irradiation on a preparative scale a "circulating thin film apparatus" was used in order to
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avoid the adhesion of insoluble material to the surface of immersion well.

1. Preparation of 2-alkylmercapto-l1-methylimidazoles {1b-e} and 3-alkyimercapto-4-meth-

yi-1,2, 4-triazoles {2b, d). - 2-Benzylmercapto-l-methyimidazole {1b). - 3.42 g (0.03 mol)

of 2-mercapto-i-methylimidazole (l_a) and 3.78 g (0.03 mo!) of benzy! chioride were disolved
in 10 mi of ethancol and the solution was stirred at room temperature overnight, After

evapolation of solvent the hydrochloride of 1b obtained was treated with aqg. sodium

carbonate to liberate free 1b which was extracted with ethyl acetate. Usual work up gave
an oil. - UV (EtOH} : 219 (13000}, 256 (5900); IR (CCIA) 3120, 3097, 3070, 3040, 2950,
1480, 700; ]wﬁ {CDCI3) : 7.32-7.26 {m, 3 H on pheny}, 7.18-7.12 {m, 2 H on phenyl
and H-C(4 or 5)), 6.89 (br s, H-C(4 or 5}, 4.17 (s, 2 H of benzyl), 3,25 (s, H_C-N(1}};

3
MS : 204 (49, M'), 149 (62), 91 (100},

C”H12N25 Calc. C 64.49 H 5.92 N 13.72 % Found C 64.51 H 5.88 N 13.38 %

All the other 2-alkylmercapto-1-methytimidazoles (_Lc_—e, 2b and 2d) were prepared in the

same way.

2-Gerany|mercapto-1-methylimidazole (1c)f. - Liquid; uv (EtOH) : 250 (5300} ; IR
(cci,) 3120, 2975, 2930, 1665; ‘5_-_@:_%3 fcociy) 7.06 (¢, J = 2.0, H-C{4 or 5)}, 6.90
(d, J = 2,0, H-C(4 or 5}}, 5.32 (br t, J = 8.0, H-C{1')), 5.06 {m, H-C(6’)), 3.66 (d, J =
8.0, HZ—C(I’)), 3.63 (s, H3C-N(1H, 2.1-1.85 {m, 4H on C(4 and 5’)}, 1.71, 1.62 and 1.57

(35, three CH,); MS : 250 (2, My, 212 (8), 181 (31), 115 (100),

C14H22N25 Calc. € 67.17 H 8.86 N 11.19 % Found C 67.45 H B.71 N 10.95 %

2-Nerylmercapto-1-methylimidazole ('id]f. - Liquid; UV {EtOH]) : 250 (5500}; IR (CCII‘)

3110, 2970, 2930, 2860, 1660; 'H-NMR (COCI,) = 7.05 (4, J = 2.0, H-C(4 or 5)), 6.90 (d,
J = 2.0, HC(4 or 5)), 5.3& {1, } = B.0, H-C{2’)), 5.08 (m, H-C{6')), 3.68 {d, J = 8.0,
HZ—C{I’)), 2.1-1.9 (m, 4H on C{& and 5')}, 1.74, 1.72 and 1.63 (3s, three CH3); MSs

250 (3, M), 217 (4}, 181 (26}, 149 (10), 136 (5), 114 (96).

C14H22N25 Calc. € 67.17 H 8.86 N 11.19 % Found C 67.40 H 8.61 N 11.33 %

2-Citronellyimercapto-i-methylimidazole (1e)f. - Liguid; UV ({(EtOH) : 250 (4500); iR
(cub) : 3110, 2960, 2920, 2850, 1675; 1H-NM5 (CDCI3) : 7,06 {(d, J = 2.0, H-C{4 or 5}},
6.92 {3, J = 2.0, H-C(4 or 5)), 5.08 (t, J = 8.0, H-C(6")}, 3.62 (s, HJC-N(1)), 308 (m,

Numbering of the carbons of the monoterpene moiety is given as shown below.
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HZ-C(P}), 1,94 (m, H2—C(5’]), 1.68 and 1.58 (2s, H3—C(8’ and 9°)), 1.6-1.1 (m, 5H on
c(2', 3' and &)}, 0.91 (d, J = 8.0, H3—C(10’)); MS : 252 {16, M+), 219 (3}, 183 (7), 123
(25}, 114 (100},

CIAHZANZS Calc. C 66,63 H 9,59 N 11,10 % Found € 66.35 H 9.42 N 11.38 %

3-Benzylmercapto-4-methyl-1,2, 4-triazole (2b). - M.p. 84-85° (from benzene/hexane);

) : 3010, 1600, 1500; IH-NME coct

Uy {EtOH) : 225 (8600), 250 (2000); IR (CHCI ) = B.14

3 3
(s, H-C{5)}, 7.32 (s, 5H on phenyl), 4.40 (s, 2H on benzylic carbon)}, 3.34 (s, H3C-N(1));
MS : 205 (44, M'), 190 (8), 170 (19), 91 (100},

CIUHHNSS Calc. C 58,83 H 5.40 N 20.48 % Found C 58,50 H 5.35 N 20.33 %

3-Nerylmercapto-4-methyl-1,2, 4-triazole (2d)f. - Liquid; UV (EtOH) : 250 (1900}; IR
(cci,) : 3110, 2980, 2925, 2840, 1660, 1510; ‘mg (cDCly) : 8.16 (s, H-C(S}), 5.38 (1, J
= 8.0, H-C(2')), 5.06 {m, H-C(6”)), 3.87 (d, J = B.0, H-C(5’}}, 3.60 (s, H3C—N(T)), 2.1-1.9
(m, &H on C{4' and 5’)), 1.68, 1,65 and 1.60 (3s, H,C(8", 9’ and 10'}); MS : 25t (5,

m*), 218 (10), 136 (19), 116 (100},
CiaHyN,S  Calc, € 62.12 H 8,42 N 16.72 % Found C 62,44 H 8,50 N 16.48 %

2. Preparation of 2-benzylmercapto-1,3-dimethylimidazolium iodide (3b}. - To 2.04 g

{0.01 mol) of 1b in 5 ml of acetone was added 2.13 g {0.015 mol) of methyl iodide and the
solution was left at 0O °c overnight, The product (pale-yellow crystais}) was collected by
filtration and washed with acetone. - M.p. 207-210%; " uv (EtOH) : 220 (20000), 264
(4400} shoulder; IR (CHSCN} : 3150-2700, 1630; 1wg : 7.50 (s, H2—C(4 and 5)), 7.4-7.2
(m, 3H on phenyl), 7.2-7.0 {m, 2H on phenyl), 4.18 (s, 2H on benzylic carbon), 3.62 (s,
HaC-N(1}); Ms. : 218 (4, MT_HUY, 91 (100),

2-Geranylmercapto- (3¢} and 2-nerylmercapio-1,3-dimethylimidazolium Jodide (3d) were

prepared in the same way as for 3b, but they couild not be obtained in pure form and were

used for irradiation in crude form.

3. Photolysis of.1b, 2b and 3b. — Photelysis of 1b. - 1) 600 mg of 1b 1n 100 ml of

methanol was irradiated {(lamp A, A> 235 nm} for 5 h, After sclvent removal the residue was
chromatographed on silica to give 168 mg of 4 and 88 mg of la with the recovery of 125 mg
of 1b. - 2) 600 mg of 1b in 0.1 N methanolic HCl was irradiated {(lamp A, A>235 nm) for
% h, The solvent and the volatile materials were distitled under reduced pressure, Column
chromatography of the residue on silica afforded 55 mg of 4 and 153 mg of 1a with the re-

covery of 155 mg of 1b. Fractionat distillation of the wolatile materials gave a high

boiling fraction {153 mg) which was composed of benzyl methyT ether {lg) and o- (11} and
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p-cresyl methyl ether (12) in a 55 : 0.2 : 0.6 ratio (determined by GC, 1.5 % PEG-6000).

1-Methyl|-3-benzylimidazoline-2-thione {4). -M.p. 107-108° (from benzene/hexane) ; uv
(EtOH) : 260 (15800); IR (CCl,) : 3160, 3070, 2950, 1610, 1500; TH-NMR (eDC14) & 7.36
{m, SH on phenyl), 5.90 (s, 2H on benzylic carbon}, 3.67 (s, H3C-N(1H; MS : 204 (e4,

M), 91 (100).

C”leNZS Calc. C 64.69 H 5.92 N 13.72 % Found C64.61 H 5.95 N 13.56 %

- Photolysis of 2b. 1) 600 mg of 2b 1n 100 ml of methanol was irradiated (lamp B,
A>235 nm} for 2.5 h, After solvent removel the residue was chromatographed on silica to
give 210 mg of 5, 78 mg of & and 162 mg of 2a. 2} 600mg of 2b in 100 ml of 0.05 N
methanolic HClI was irradiated {lamp B, A > 235 nm) for 2 h. The solvent and volatile
materials were distilled under reduced pressure. Column chromatography of the residue on

silica afforded 25 mg of 5 and 178 mg of 2a with the recovery of 127 mg of 2b. Fractional

distillation of the wvolatile materiais gave a high boiling fraction {157 mg} which was

composed of 10, 11 and 12 in a 53 : 0.3 : 0.3 ratio (determined by GC}.
2-Benzyl-4-methyi-1,2 4-triazoline-2-thione {5}. - M.p. 116-118° (from benzene); uv

(EtOH) : 268 (7400); IR (CHCl,) : 2900, 1545, 1480; 'H-NMR (COCI,) : 7.71 (s, H-C{5)),

7.36 (m, B5H on phenyl}, 5.39 (s, 2H on benzylic carbon), 3.3%(s, H3C-N(1)); MS : 205

{91, M), 91 (100).

C10H11N3S Cale, C 58,53 H 5.40 N 20.48 % Found C 58,30 H 5.31 N 20.53 %

4-Methy|-5-benzyl-3-mercapto-1,2 4-triazole (6}. - M.p. 145-148% (from benzene/acetone) ;
uv {(EtOH) : 240 (12000); IR (CHCI3) 3480, 3400-2400 (broad}, 3000, 1575; ‘mg
(CDCIa) ¢ 11,9 {(br, s, H-S}, 7.30 (m, 5H on phenyt}, 4.20 (s, 2H on benzylic carbon), 3.35
(s, H,C-N(1)); MS : 205 (85, M'), 172 (11), 91 (100).

C10H11N3S Calc, C 58.53 H 5.40 N 20.48 % Found C 58.30 H 5,23 N 20.81 %

Photolysis of 3b. - 1 g of 3b in 100 ml of methanol was irradiated {(lamp A, A >235 nm)

for 5 h 1n the presence of solid sodium bisulfite, The solvent and wvolatile materials were
distilled under reduced pressure, Column chromatography of the residue on silica afforded
156 mg of 8§ (Z = CH, R’ = CH3). Conversion (%) of 3b could not be determined. After
careful removal of the solvent from the distiliate by evaporation the residual oil was

analyzed by GC which showed the presence of 10.

1,3-Dimethyiimidazoline-2-thiene (8, Z = CH, R’ = CH3). - M.p. 128° (from benzene/ac-
etone); UV {EtOH} : 261 (17000); IR (CHCIB) : 3175, 3145, 2950, 1575; 1H—NMB_ {cocs,)
6.68 (s, H,-C{4 and 5)), 3.63 (s, H,C-N(1)); MS : 128 (100, M),

CSHBNZS Calc. C 46.87 H 6.29 N 21.87 % Found C 47.79 H 6.23 N 21,88 %
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4, Photolysis of 1c, 1d and 2d in acidic water. - Method a : 2.5 g of 1c, 1d or 2d in

500 ml of 0.05 N ag. HCl was irradiated (lamp A, A> 235 nm) for 5 h using a "circulating
thin film apparatus™. The suspension formed was exiracted with pentane, The extract was
washed with water and dried over sodium sulfate. The residue was distilled under reduced

pressure to give a mixture of volatile products.

- Photolysis of 1c. - Jc gave 790 mg of a mixture containing myrcene {13), cis- {l14a)
and trans-ocimene (14b), linaleol (15}, and a-terpinesl (18) in a ratio of 40 : 10 : 45 : 5

{determined by GC, 1.5 % PEG-6000). These products were isclated by preparative GC (15 %
PEG-6000} and identified with authentic specimens. 14a and 14b could not be separated
and they were determined 1n a mixture.

- Photolysis of 1d. - 1d gave B9¢ mg of a mixture contaiming 13, 14a and 314b, 15 and

16 in a ratio 21 : 5 : 37 : 37.

- Photelysis of 2d. - 2d gave 930- mg of a mixture containing 13, 14a and J4b, 15 and

16 in a ratio of 8 @ 2 : 23 : 67.

- Method b : 50 mg of 1d either in 10 ml of 0.05 N ag. HCl or in 10 ml of a 1 : 1
mixture of glycerol and 0.1 N ‘aq. HClI in a quartz tube (inner diameter 10 mm} was
irradiated externally (lamp A, A> 235 nm') for 2h. For low temperature photolysis the tube
was immersed in a quartz Dewar wvessel filled with cooling agent. The suspension formed
was extracted with pentane, the extract was washed with water and dried over sodium
sulfate. The residue after evaporation of penta'ne was again distilled with pentane to 0.5
mi of total volume and was anaiyzed by GC (1.5 % PEG-6000) to determine products yield,

The results are shown in Table 1.

5. Photelysis of 1¢, 1d and 2d 1n acidic _methanol. - 2.5 g of l¢, 1d or 2d in 500 ml

of 0.1 N methanolic HCl was irradiated {tamp B, A » 235 nm) for 5 h using a 'circulating
thin film apparatus". After neutratization of the solution with aq. sodium bicarbonate,
methanol was removed at atmospheric pressure and to the concentrate was added 200 ml of
5 % aq. HCI. The suspension formed was extracted with pentane. The extract was worked
up as in method a in the photolysis in water.

- Photolysis of 1c. - lc gave 750 mg of a mixture containing 13, 14, 17, 18 and 20 in

a ratio of 40 : 10 : 27 : 21 : 0.7,

3-Methoxy-3, 7-dimetnylocta-1,6-diene (linalyl methyl ether} (17). - Liquid; IR (CCIﬂ)
1

3090, 2980, 2940, 2830, 1640; H-NMR (CCt,) : 5.84-5.52 (m, H-C(2)}, 5.13 {br. s, H-C(s]}),

5.0 {d, J = 8.0, H-C(1}}, 4.8 (d, J = 8.0, H-C{1)), 3.03 (s, H3c-0), 2.1-1.7 (m, H2—C(5]),

1.64 and 1,57 (2s, H3C—C(7 and 8)), 1.52-1.32 (m, HZ-CM)), 1.15 (s, H3C—C(3)); MS : 168
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(1, M), 153 (3), 136 (20), 85 (100}.
CiHpe® Cale. € 7851 H 11.98 % Found C 78.73 H 12.04 %

1-Methoxy -3, 7-dimethylocta-2-trans-6-diene (geranyl methyl ether} (18}. - Liquid; 1R

(CCIa) : 2965, 2920, 1670; }H-NME (CDCI3} : 5.35 (br. t, J = 7.0, H-C{(2)), 5.10 (m,

H-C(6}), 3.94 (d, J = 7.0, H-C(1}}), 3.33 (s, H3C—0), 2.15-2.01 (m, &H on C(4 or 5}), 1.68

and 1.60 (2s and 1s, three CHB); M5 : 168 (2, M+), 153 (1), 136 {6}, 63 (100).

C“H o] Calc. C 78.51 H 11,98 % Found C 78.55 H 12.21 %

20

1-Methyl-4-(2'-methoxyprop-2'-yilcyclohex-1-ene {a-terpinyl methyl ether) (20). - Lig-
uid; IR (CCI,) : 2975, 2930, 2900, 2830, 1450, 1380, 1365, 1190, 1160, 1140, 1085, 1075,
920;  'H-NMR (CCI,) : 5.3 (m, H-C(2)), 3.07 (s, H,C-0), 2.1-1.5 (m, 7H), 1.60 {s,
ch_cm), 1.02 (2s, H3—C(2')); Ms : 168 (2, M+], 153 (2), 136 (29), 73 (100}.
C11H200 Calc. C 78.51 H 11,98 % Found C 78.66 H 11.75 %

Photelysis of 1d. - 1d gave 780 mg of a mixture containing 13, 14, 17, 19 and 20 in a
ratio of 30 ; 9 : 29 : 11 : 21. Formation of a trace amount of 18 was also observed,

1-Methy|-3,7-dimethylocta-2-cis-6-diene (neryl methyl ether) (19). - Liquid; IR (CCIA)

2965, 2920, 2860, 2820, 1670; 15_:!}1&5 (CCIA) : 5.23 (br.t, J = 8.0, H-C(2}}, 5.04 (m,

H-C(6)), 3.77 (d, J = 8.0, H,-C(1)), 3.16 (s, H,C-0}, 2.1-1.9 (m, 4H on C(4 and 5}}, 1.73,

3
1.65 and 1.58 {3s, three CH3); Ms : 168 (13, M+), 153 {4), 136 (14}, 69 (100).

*

C Cale. C 78.51 H 11.89,% Found C 78.69 H 11.69 %

111200 A
Photolysis of 2d. - 2d gave 810 mg of a mixture containing 13, 14, 17, 19 and 20 in a

ratio of 17 : 5 : 31 ; 19 : 29, Formation of a trace amount of 18 was also observed,

P

6. Photolysis of 3c and 3d. - 3 g of 3c or 3d 1n 500 mi of water was irradiated (lamp

A, X235 nm). To the solution 5 g of sodium thiosulfate was added in order to reduce
ijodine formed during the photolysis. The reaction proceeded slower than the cases of lc
and 1d in acidic water, The suspension formed was extracted with pentane, and the
extract was worked up as 1n method a in the phototysis of 1c, 1d or 2d in acidic water

The product ratio was analyzed by GC (15 % SE-52). Photolysis of 3c and 3d gave a
mixture of 13, 14a and 14b, 15 and 16 in .:56 : 15 ¢ 41 ¢+ 8 and in 32 : 23 : 23 : 22 ratio.

The total yield was low (less than 20 %).

7. Photolysis of le. - 2.5 g of le in 500 mi of ag. 0.05 N HCI was irradiated {lamp

B, »> 235 nm} for 7 h using a "circulating thin fiim apparatus”. The suspension formed
was exiracted with pentane and the extract was worked up as in other cases, to give ca

700 mg if a mixture of the product containing citroneliene (2t), 22a, 22b and citronellol
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(Z_.}_) in aratio of 9 : 3 : 2 : 1, with about 2 % of unidentified products.

i-Methyi-4-(2'-hydroxyprop-2'-yl}lcyclohexane (22a). - Ligquid; 1R (CCla) 1 2920, 2850;
"HoNMR - (CDCI ) 1.85-1.20 {m, 10H), 1.16 (25, two H,C-C(2'}), 0.87 (d, J = 8.0,
H,C-C(1));  MS : 156 (1, M), 141 (4), 123 (10}, 59 (100).

CigHp® Calc. € 76.86 H 12.90 % Found C 77.08 H 12.99 %

22b. - Liguid; IR (CCI,) : 2920, 2840, 1475, 1445, 1380, 1365, 1160, 1140, 910;
TH-NMR 1 1.6-1.45 {m, 6H), 1.3-1.2 (m, &H), 1.17 (2s, two H,C-C(2°)), 0.96 (¢, J = 8.0,
HiC-COH MS ¢ 156 (1, MY, 141 (2), 123 (4), 69 (100).

CigHgg® Cale. C 76.86 H 12.90 % Found C 76.92 H 12.79 %
22a and 22b were obtained also by catalytic hydrogenation of a-terpineol over 10 %

palladium on charcoal.
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