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PHOTOCHEMISTRY OF AZOLES, PART VII .  PHOTOSOLVOLYSIS OF ALKYLMERCAPTOAZOLES. 

AN APPLICATION TO SOME ACYCLIC MONOTERPENE D E R I V A T I V E S . ~ ' ~  

Shigeo l w a s a k i  

I n s t i t u t e  of  App l i ed  Microbiology, the Un ive rs i t y  of Tokyo, Tokyo, ~ a p a n ~  

Dedicated to Prof.  Kyosuke Tsuda on the occasion of h i s  751h b ~ r t h d a y  

Abst rac t  - Sal ts  de r i ved  from 2-alkylmercapto-1-methylimidazoles and  3-alk- 

ylmercapto-4-methyl-1,2,d-tr ia~oles E-d  have  been found to undergo photochemi- 

c a l  he te ro l y t i c  f i ss ion  of  the 5 -a l ky l  bond i n  aqueous or methanol ic s o l u t ~ o n  to 

g i v e  so lvo lys is - type products.  

3 4 1. In t roduct ion.  Photoinduced so l vo l ys i s  of the system R-X ( X  = ha l i des  , acetate , 
6 

ammonium5 and  su l fon ium sa l  1s ) has p r e v i o u s l y  been observed a n d  carbocat ion ic  interme- 

d ia tes  f requen t l y  postu la ted.  However, these X groups have  proved to be  of  l im i ted  

a p p l i c a b i l i t y  as photochemical l eav ing  g roups  f o r  p roduc ing  ca t i on i c  species of  the t ype  R+; 

and, except i n  certain cases where R has been e i t he r  benzy l  or some specific b r i d g e d  

c y c l i c  system, the i n te rven t i on  of i on i c  intermediates h a s  not  been e s t a b l ~ s h e d  beyond 

doubt.  T h i s  h a s  now led  to a search for new and more w lde l y  applicable leav ing  groups 

which cou ld  f a c i l i t a t e  photoso1volysis reactions. 

A p r ~ o r i  such l e a v i n g  groups would h a v e  to sa t i s f y  the f o l l o w i n g  requirements:  

a )  The l eav ing  group X shou ld  be  t ransformable  i n to  a reac t i ve  photoexci ted state. 

b )  The R-X bond should  undergo e f f i c i en t  hetero lys is  b y  w i t h d r a w i n g  the bond electrons 

i n to  the X group, i.e. the l a t t e r  shou ld  be  e lec t ron d e f ~ c i e n t  (serve as an electron 

s i n k ) .  

c) Attachment to  a v a r i e t y  of R groups shou ld  be fac i le .  

I n  t h i s  paper  a number of photoreact ions of 5 -a l ky la ted  d e r i v a t i v e s  of 2-mercapto-1-meth- 

y l im idazo le  a n d  3-mercapto-4-methyl-1,2,4-triazole, and  of t h e i r  sa l t s ,  w i l l  be  descr ibed. 

a Photochemical Reactions, 1 2 3 ~ ~  communication . Par t  V I  of t h i s  series2. Pa r t  of 

t h i s  work was done a t  the Organic  Chemistry Labora to ry  of The EidgenBssische Technische 

Hochschule, CH-8092 Zur ich ,  Swi tzer land.  



2. Results of photolysis. 2-Alky lmercapto-1-methyi~midazoles and 3-Alky lmercap- 

to-4-methyl-1,2,4-triazoles - 2b-d - were prepared by treatment of 2-mercapto-1-methylimidarole 

( 3 )  and 3-mercapto-&-methy I-1,2,4-triaroie (&I, respect ively, w i t h  the corresponding a l k y  1 

ha l ide i n  ethanol. 

Quaternary sa l ts  Jb-9 were prepared, by react ion of methyl iodide w i th  the correspond- 

i n g  aikylmercaptoazoles &-9 in  acetone. 

I r rad ia t ion  of 2-benzylmercapto-1-methylimidazole i n  methanol led to the S - N 

benzyi migrat ion product 4d i n  35 % and to the debenzylation product 2 i n  32 % y i e l d  a t  

about 80 % conversion of E. 
i 

Similar i r rad ia t ion  of 3-benzyImercapto-4-methyi-1,2,4-triazole (%I led to almost com- ,' 

plete conversion, g i v i n g  ( a )  the S s N  benzyl migrat ion product 5 (35 % ) ,  (b )  5-C benzyl . 
migrat ion product 5 (13 %I, and ("1 debenzylation product & (47 %). 

Scheme 1 

~e d nor y I 
e c l t r o n e l l y l  

la-e 2a, b, d 3b-d 

Scheme 2 
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Scheme 3 

Me 

These resu l t s  now led  to the b e l ~ e f  t h a t  N-protonated or N-a l ky la ted  alkylmercaptoazoles 

as depicted i n  Scheme 3 (1, Z = CH, R '  = H or a l k y l  I would be  l i k e l y  to  undergo, a t  least 

p a r t i a l l y ,  photochemical he te ro l y t i c  S-R bond f i ss ion  ( p a t h  A) ,  to  g i v e  imidazoline-2-thiones 

(8, Z = CH, R '  = H or a i k y l l  or 1,2,4-triaroline-3-thiones (8, Z = N, R' = H or a l k y l )  as 

the one f ragment  and  reac t i ve  a l k y l c a t i o n s  (R') as the  o ther .  

I n  accord w i t h  t h i s  assumption, i r r a d i a t i o n  of and  2b i n  ac id i c  medium d id ,  indeed, - 

proceed w i t h  almost complete suppression of benzy l  m ig ra t i on :  Compound 1, on i r r a d i a t i o n  

~n a c i d i c  methanold, gave  compound 4 i n  o n l y  12 % y i e l d  a t  75 % conversion; irradiation of 

2b under  the same condi t ion  gave  compound 5 in  o n l y  5 % y i e l d  a t  ca 80 % conversion; a n d  - 
none of 5 was isolated. At the same time, i n  b o t h  cases, a m i x t u r e  of more v o l a t i l e  

products  was formed; composed ( th rough  solvent p a r t i c i p a t i o n )  of benzy l  methyl  e ther  (E), 

o- (11) - and p-cresy l  methy l  e ther  ( 9 ) ;  i n  55 %, 0.2 % a n d  0.6 % y i e l d  respect ive ly ,  f rom 

l b ,  and  in  53 %, 0.3 % a n d  0.3 % y ie ld ,  respect ive ly ,  from 2b ( ca l cu la ted  on conversion of - - 

s t a r t i n g  m a t e r i a l s ) .  There was no such conversion when so lu t ions of and  3 i n  ac id i c  

methanol were kept  i n  the d a r k  for  several  days  a t  room temperature. 

A s i m i l a r  he te ro l y t t c  process was observed a l so  w i t h  2-benrylmercapto-l,3-dimethylimid- 

aro l i um iod ide (Jb), b u t  here the react ion proceeded more s l u g g i s h l y  and  was i n h i b i t e d  

f u r t h e r  b y  iod ine format ion;  price product  y i e l d s  cou ld  not be  determined accurate ly .  

Photo lys is  was carpled ou t  u s i n g  a medium pressure mercury  lamp ( e i t h e r  lamp A or 0 ,  

see Exper imenta l  p a r t )  w i t h  a q u a r t z  irnmersmn weid I,+ 5235 nrn i t g h t ) .  



This type of photolysis w a s  now examined in  the case of analogous acyclic monoterpene 

derivatives, a f ie ld  where solvolytic reactions have received much attention in  connection 

with biosynthetic pathways in  the formation of cyclic terpenes. 

Scheme 4 

1 c- HCI 

2 d -  HCI 

Table 1. Irradiation of &, and 3 in acldic water 
Run Start. Irrad. Product ratio 

Total 

compd. temp. yleld 

13 - 14 - 15 - - 16 ( % )  

1 - lc 20° 40 10 45 5 55a 

a Photolysis by method ((see Experimental part) 
b Photolysls by method ((see Experimental part) 

in glycerol - 0.1 N aq. HC1 1 : 1 
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Scheme 5 

Table 2 .  Irradiation of &, g and g in acidlc methanol 
Start. Product ratio Total 

Run 
compd. yield 

13 14 17 18 19 0 (%) - - - -  

Scheme 6 



I r rad ia t ion  of 2-gerany lmercapto- (E) and 2-nery lmercapto-1-methyllmidazole I s ) ,  and 

d .  
of 3-nerylmercapto-4-me'ihyl-l,2,4-triazole I E )  I" ac id ic  water gave mixtures of vo la t i l e  

products, separable b y  GC, and found to consist of myrcene ( E ) ,  cis- ( k )  and 

trans-ocimene ( E ) ,  l ina loo l  (15) and a-terpineol (161, i n  d i f ferent  ra t ios  depending on 

the s ta r t ing  material  as well as on the i r rad ia t ion  conditions (see Table 1 ) .  

On i r rad ia t ion  i n  ac id ic  methanol, a l l  three compounds L, id and E aga in  gave 

products whose structures showed evidence of solvent par t ic ipat ion,  i.e. methoxy der ivat ives 

17 lJ, 19 and 20 ; as well as hydrocarbons 2, + and ; 8n the relative amounts _, 
shown i n  Table 2. 

Photolysis of 2-geranylmercapto- 1%) and 2-nerylmercapto-l ,3-dimethyl imidazol ium iodide 

lIdld i n  neutra l  aqueous solution gave the same v o l a t ~ l e  products as those obtained under 

ac id ic  cond i t~ons  from & and 3, though a t  a lower react ion rate.  Because of the 

d i f f i c u l t y  i n  obta in ing compounds & and i n  pure form, the y ie lds of the i r  products 

could not be accurately determined. 

The photolysis of 2-ci t ronel ly lmercapto-1-methyl imidazole 11,)~ i n  ac id ic  water was slow, 

g i v i n g  a rnhxture of vo la t i l e  products in ca 50 $ y ie ld .  This  consisted of a m ix tu re  of 

compound 21, and of alcohols s, and 2 I n  the ra t io ,  9 : 3 : 2 : 1 ,  together w i th  

about 10 % of un ident i f ied products. 

As a control measure, solut ions of these azole der ivat ives were kept i n  the dark at  

room temperature and were found to be  stable under these conditions for  several davs. 

3 .  Structures of photoproducts. Products 13-16, 21 and 4 were ident i f ied by 

comparison w i th  authenl lc specimens. Structure determination of other products was based 

on spectral and ana ly t i ca l  data (see Experimental p a r t ) .  

Product 4, 5 and 5 a r e  isomers of the i r  precursors and 3, respectively, d i f f e r i n g  

only  i n  the posit ion of the benry l  group; and the i r  structures were eas i ly  determined from 

'H-NMR spectra i n  which 4, 5 and 5 showed two, one and no signals, respectively, due to 

the protons on the azole r i n g .  

Compounds 2, lJ, 19 and 20 were formulated as the methyl ethers of l inalool,  geranio l ,  

nerol and a-terpineoi, respectively, on the bases of spectral  and ana ly t i ca l  data. In each 

case the 'H-NMR spectrum was very s im i la r  to that of the parent alcohol (except, of 

course, for the -0Me proton s i g n a l ) .  

Two products obtained from the i r rad ia t ion  of i n  ac id ic  water were formulated as the 

diastereomeric a l ; o h o l s ~  and 2, and these were ident ical w i th  the ca ta ly t i c  hydrogena- 

t lon products of m-terpineol, al though the re la t l ve  stereochemistry of e i ther  has not been 
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determined as yet. 

4. Discussion. I n  the photolysis of and 2 i n  methanol, the formption of benry l  

migrat ion and debenzylat ion products (Scheme 2 )  indicates ca 50 % recombination between 

benzyl and thioazole rad ica lse - th is  presumably occurs v i a  S-benzyl hetero ly t lc  bond 

f isslon. On  the other hand, i n  the case of the corresponding N-protonated and  N-alkylated 

sa l ts  ( ~ t r u c t u r e  1 i n  Scheme 3) ,  one expects, instead, hetero ly t ic  S-benzyl bond cleavage 

("la p a t h  A ) ,  g i v i n g  stable imidaroline-2-thione or tr iarol ine-3-thiones (8) as one fragment 

and the react ive benzyl cat ion as the other. Indeed, the intervention of the la t te r  and of 

~ t s  canonical form i s  ind icated b y  the formation of the methyl ethers 10, 11 and 2 when 

l b  and b were photolyred i n  ac id ic  and  g i n  neu t ra l  methanolic solution. - 

Photochemical benzyl cat lon formation has prev ious ly  been demonstrated i n  the case of 

4 6 
benzyl acetates , benzyl ammonium sal ts5 and benzyl sulfonium sa l t s  . I n  these cases the 

benzyl group was the only  chromophore present, and hence bond f ission must have been 

in i t i a ted  by i t s  excitation. I n  our  present case of sa l ts  of benrylmercaptoazoles, however, 

i t  would be reasonable to expect exc i ta t ion of both benry l  and thioazole chromophorese and 

thts should fac i l i t a te  hetero ly t ic  5-benryl bond f iss ion.  

That a mechanism r e q u i r i n g  the exc i ta t ion of the thioarole chromophore rniyhr app ly  in 

the case where group R i n  1 i s  a l k y l  and not benry l  was  indicated b y  the photolysis of 

the acyc l ic  monoterpene der ivat ives,  and &-2 i n  acidic, and of &-2 i n  neutra l  

medium. The incorporat ion of hydroxy l  and methoxyl groups to a considerable extent in to 

the products (see runs 1,2,3 and 6 i n  Table 1, and runs 1 , 2  and 3 i n  Table 2)  was c lear  

evidence of intervention of carbocafions i n  these reactions. 

The fact  that  photolysis of & and 2 i n  ac id ic  methanol gave geranyl  methyl ether (2) 

and nery l  methyl ether (E), respectively, i n  considerable rat ios, whereas photolysis i n  

ac id ic  water gave only  trace amounts of Yeraniol and nerol appears lo  be due to the 

re la t i ve  nuc leophi l ic i ty  of these solvents. 

The formation of hydrocarbons such as 11, - 14 and 2 could be expla ined b y  rad ica l  

intermediates, al though an a l te rna t i ve  pa th  invo lv ing  proton e l i m ~ n a t i o n  from an intermedi- 

ate cat ion i s  also conceivable. The la t te r  a l t e r n a t ~ v e  i s  supported b y  the resul ts  obtained 

from i r r a d i a t i o n  of & and id i n  ac id ic  water, i n  which the former gave a h igher  

hydrocarbon/alcohol r a t i o  than the la t ter .  Perhaps th is  can be explained by assuming that 

Such Claisen-type rearrangement of a va r le ty  of 2-alkylmercapto-1-methylimidazoles a r e  

7 
known to resul t  from thermolysis of these compounds . 



the  ge rany i  cation generated from 2, con t ra ry  to the n e r y l  ca t ton generated from id, i s  

unab le  to cyc l i ze  to g i v e  product  16, and  t h a t  ins tead pro ton e l im ina t i on  

takes p lace l ead ing  to  increased hydrocarbon format ion. 

i n  conc lus~on  i t  has been shown tha t  photoso lvo ly t ic  c leavage of compound 1 type R-X, 

whose R can be  a group such as benzyl ,  a l l y  and  a l k y l ,  i s  a feas ib le  process when the 

l eav ing  group X i s  the s a l t  form of a group such as 1-methyiimidazole-2-thio a n d  

4-methyl-1,2,4-trialOle-3-thio. 

A l though admi t ted ly  the d a t a  so f a r  obta ined are f o r  a l im i ted  number of examples 

on l y ,  t h i s  type of react ion may const i tu te  a usefu l  method of generat ing carbocat ion which 

can be  c a r r i e d  ou t  under  a v a r i e t y  of cond i t ions.  
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Exper imenta l  Pa r t  

General. - Me l t i ng  po ln t s  (M.P.) were taken u s i n g  a appara tus  ( t ype  Dr .  

Tot tor i1  and a r e  not corrected. - UV spectra were measured on a Perkin-Elmer appara tus  - 
(model 402) or on a -- Shimadru appara tus  (model UV-300), the maxima a r e  g i ven  i n  nm 

(ex t i nc t i on  E I. - IR spect ra  were measured on a Perkin-Elmer-spectrophotometer (model 

1 297) or on a Japan Spec t roscop i~  Co. appara tus  (model IR-5) and  recorded in cm- . Mass 

spectra were measured cn a Hitachi-Perkin-Elmer RMU-6M instrument or on a Shimadru -- 

LKB-9000 instrument and  recorded i n  ( r e l a t i v e  i n t e n s i t y ) .  - 'H-NMR spect ra  w e r e  

measured on a Varian H-100 or XL-100, or on a JEOL FX-100 instrument (100MHz); chemical 

s h i f t s  a r e  given i n  ppm ( i n  6 ) r e l a t i v e  to TMS (= 0 ppm) as i n t e r n a l  s tandard ;  s = 

s ing le t ,  d = doublet ,  t  = t r i p l e t ,  m = mul t ip le t ,  b r  = broad,  coup l i ng  constant J = i n  Hz. 

T h i n  l a y e r  chromatography was c a r r i e d  out on Merck DC- Fe r t i gp la t ten  , Kieselgel 60 

F-254, a n d  column chromatography on s i l i cage l  Merck (0.063 - 0.200 mm) or.  WV C-200. 

Gas chromatography (GC) was performed on a Shimadru appara tus  (model 4-APFI o r  on a 

Var ian  appara tus  (model 90-P). 

For  i r r a d i a t i o n ,  medium pressure mercury lamps QM 125, Meda-Licht AG, Basel ( lamp A)  

o r  UM-452, Ushio ~ l k c t r i c  Inc., Tokyo ( lamp B l  using q u a r t z  immersion wel l .    or 

i r r a d i a t i o n  on a p r e p a r a t i v e  scale a "c i r cu la t i ng  t h i n  f i l m  appara tus "  was used i n  o rde r  to 
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avo id  the adhesion of i nso lub le  ma te r i a l  to the sur face of  immersion wel l  

1. P repa ra t i on  o f  2-alkylmercapto-1-methylimidazoles ( l b - e )  and  3-alkylmercapto-4-meth- 

yl-1,2,4-triazoles (2b, d l .  - 2-Benzylmercapto-1-methyimidazole ( l b ) .  - 3.42 g (0.03 mo l l  

of  2-mercapto-1-methylimidazole (la) and  3.78 g (0.03 m o l l  of b e n r y l  chloride were d lso lved 

i n  10 ml of ethanol and  the so lu t ion was s t i r r e d  a t  room temperature ove rn igh t .  A f ter  

evapola t ion of so lvent  the hyd roch lo r i de  of obta ined was t reated w i t h  aq. sodium 

carbonate  to  l ~ b e r a t e  free which was ext rac ted w i t h  e t h y l  acetate. Usual work up  gave 

an o i l .  - - UV (EtOH) : 219 (13000), 256 (5900); (CCI4) : 3120, 3097, 3070, 3040, 2950, 

1490, 700; (COCl3) : 7.32-7.26 (m, 3 H on p h e n y ) ,  7.18-7.12 (m, 2 H on pheny l  

and  H-C(4 o r  5 ) ) ,  6.89 ( b r  5 ,  H-C(4 o r  5), 4.17 ( 5 ,  2 H of b e n z ~ l ) ,  3,25 ( s ,  H3C-N(1)); 

MS : 204 (49, Mt),  149 (62 ) ,  91 (100). - 

C11H12N2S Calc. C 64.49 H 5.92 N 13.72 % Found C 64.51 H 5.88 N 13.38 % 

A l l  the o ther  2-alkylmercapto-1-methylimidazoles (3, 2 and  g) were prepared  i n  the 

same way.  

f  
2-GeranyImercapto-1-methylimidazole ( l c )  . - L i q u i d ;  UV (EtOH) : 250 (5300); IR - 

( C u b )  : 3120, 2975, 2930, 1665; (COCl ) : 7.06 (d, J = 2.0, H-C(4 o r  5 ) ) ,  6.90 3 

( d ,  J = 2.0, H-C(4 o r  5 ) ) ,  5.32 ( b r  t, J = 8.0, H C l  5.06 (m,  H - ~ ( 6 ' ) ) ,  3.66 (d ,  J = 

8.0, H C l ) )  3.63 ( 5 ,  H C - ~ ( 1 1 1 ,  2.1-1.85 (m, 4H on C(4 '  and  5 1.71, 1.62 and  1.57 
2 3 

(3s, three CH3); : 250 (2, M+),  212 (6) ,  181 (31),  5 (100). 

C14H22N2S Calc.  C 67.17 H 8.86 N 11.19 % Found C 67.45 H 8.71 N 10.95 % 
f  

2-Nerylmercapto-1-methylimidazole ( l d l  . - L i q u i d ;  UV (EtOH) : 250 (5500);  IR (CCI4) 

: 3110, 2970, 2930, 2860, 1660; 'ER (CDCl31 : 7.05 (d, J = 2.0, H-C14 or 5)1, 6.90 i d ,  

J = 2.0, H-C(4 or 5 ) ) ,  5.34 (1, J = 8.0, H-C(2 ' ) ) ) ,  5.08 (m, H-C(6 ' ) ) ,  3.68 ( d ,  J = 8.0, 

HZ-C(12 ) ) ,  2.1-1.9 (m, 4H on C(4' a n d  5 ' ) ) ,  1.74, 1.72 a n d  1.63 (35, three CH3); : 

250 (3,  Mt), 217 (4),  181 (26), 149 ( l o ) ,  136 (51, 114 (96 ) .  

C14H22N2S Calc.  C 67.17 H 8.86 N 11.19 % Found C 67.40 H 8.61 N 11.33 % 
f  

2-C~tronel l~ lmercapto-1-methyl imidazole  ( l e )  . - L i q u i d ;  (EtOHl : 250 (4500); 

(CCI4) : 3110, 2960, 2920, 2850, 1675; lMR (C0Cl3) : 7.06 (d ,  J = 2.0, H-C(4 or 5 ) ) ,  

6.92 (d ,  J = 2.0, H-C(4 o r  51), 5.08 (1, J = 8.0, H-C(6')) ,  3.62 ( 5 ,  H3C-N( l ) ) ,  3:08 (m, 

Numbering of the carbons of the monoterpene moiety i s  g i v e n  as shown below. 



HZ-C(13 ) ) ,  1.94 (m, Hz -C(5 ' ) ) ,  1.68 and  1.58 (25, H3-C(8' and  9'11, 1.6-1.1 (m, 5H on 

C(2 ' ,  3' and  4 ' ) ) ,  0.91 (d ,  J = 8.0, H3-C(1O3));  : 252 (16, M'), 219 (31, 183 (71, 123 

(25 ) ,  114 (100).  

C14H24N25 Calc. C66 .63  H9 .59  N 1 1 . 1 0 %  F o u n d C 6 6 . 5 5  H 9 . 4 2  N 1 1 . 3 8 %  

3-Ben~~lmercapto-4-methyl -1 ,2 ,4 - t r lazole  ( 2 b ) .  - M.p. 84-85O (from benzene/hexane); 

IJ" (EtOH) : 225 (8600), 250 (2000); IR ( c H C I ~ )  : 3010, 1600, 1500; CDCI~ )  : 8.14 - 
( s ,  H-C(5)), 7.32 ( s ,  5H on pheny l ) ,  4.40 ( 5 ,  2H on b e n r ~ l i c  carbon) ,  3.34 ( s ,  H3C-N(1)); 

MS : 205 (44, M I ,  190 ( a ) ,  170 (191, 91 (100). - 
ClOHl1N3S Calc. C 58.53 H 5.40 N 20.48 $ Found C 58.50 H 5.35 N 20.33 % 

f 
3-NeryImercapto-4-methyl- l ,2,4- t r iazole (2d)  . - L i q u i d ;  (EtOH) : 250 (1900); IR 

(CCI4) : 3110, 2980, 2925, 2840, 1660, 1510; (CDCI3) : 8.16 ( 5 ,  H-C(5)),  5.38 ( t ,  J 

= 8.0, H -C(Z r ) ) ,  5.06 (m, H-C(6')) ,  3.87 (d,  J = 8.0, H-C(5 ' ) ) ,  3.60 ( 5 ,  H3C-N( l ) ) ,  2.1-1.9 

(m, 4H on C ( b  and  5'))), 1.68, 1,65 and  1.60 (35, H31C(8', 9 '  and 1 0 ' ) ) ;  : 251 (5, 

M'), 218 ( l o ) ,  136 (191, fi (100). 

C13H21N3S Calc. C 62.12 H 8.42 N 16.72 % Found C 62.44 H 8.50 N 16.48 % 

2. Preparat ion of 2-benry lmercapto-1 ,3-d imethy l imida~oi1um iod ide ( 3 b ) .  - To 2.04 g 

(0.01 m o l l  of 2 i n  5 ml of acetone was added 2.13 g (0.015 m o l l  of  methy l  iod ide and  the 

so lu t ion was le f t  a t  0 OC ove rn igh t .  The product  ( p a l e ~ y e l l o w  c r y s t a l s )  was col lected b y  

f l i t r a t i o n  and washed w i t h  acetone. - M.P. 207-210°;.: (EtOH) : 220 (20000), 264 

(4400) shoulder;  (CH CN) : 3150-2700, 1630; lH-NM~ : 7.50 ( 5 ,  Hz-C(4 and  5 ) ) ,  7.4-7.2 
3 

(m, 3H on p h e n y l ) ,  7.2-7.0 (m, 2H on p h e n y l ) ,  4.18 ( 5 ,  2H on b e n z ~ l i c  ca rbon ) ,  3.62 ( 5 ,  

H3C-N(1));  : 218 ( a ,  MI-HI),  2 (100).  

2-Geranylmercapto- (&I and  2-nerylmercapto- l ,3-dimethyl imidazol ium iod ide (s) were 

prepared i n  the same way as for 2, b u t  they cou ld  not be  obta ined in p u r e  form a n d  were 

used for  i r r a d i a t i o n  i n  c rude  form. 

3. Photo lys is  o f . l b ,  2b and  3b. - Photo lys is  of l b .  - 1)  600 mg of in 100 ml of 

methanol was i r r a d i a t e d  ( lamp A, A 7  235 nm) for  5 h .  Af ter  solvent removal the res idue w a s  

chromatographed on s i i l c a  to g i v e  168 mg of 5 and  88 mg of 5 w i t h  the recovery of 125 mg 

of E. - 2) 600 mg of 2 i n  0.1 N methanol ic HCI was  i r r a d i a t e d  ( lamp A, ,l>235 nm) for 

5 h .  The solvent and  the v o l a t i l e  ma te r i a l s  were d i s t l i l e d  under  reduced pressure.  Column 

chromatography of the res idue on s i l i c a  a f forded 55 mg of 4 and  153 mg of l a  w i t h  the re- - 

covery  of 155 mg of 2. Frac t i ona l  d i s t i l l a t i o n  of the Co la t i l e  ma te r i a l s  gave a h i g h  
. . 

b o i l i n g  f rac t i on  (153 mg) which was composed of benzy l  methyl  e ther  (2) and  o- (11) and  - 
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p-cresyl  methyl  e ther  (12) i n  a 55 : 0.2 : 0.6 r a t i o  (determined b y  GC, 1.5 % PEG-6000). 

1-Methyl-3-benzylimidazoline-2-thione ( 4 ) .  -M.p. 107-108~ ( from benrene/hexane);  UV 

(EtOH) : 260 (15800); IR (CCI4) : 3160, 3070, 2950, 1610, 1500; 'EM! -(CDC13) : 7.36 

(m, 5H on pheny l ) ,  5.90 (1, 2H on benzy l i c  carbon) ,  3.67 ( 5 ,  H3C-N i l ) ) ;  : 204 (64, 

M+),  91 (100). 

CllH12N2S Calc.  C64 .69  H 5.92 N 13 .72% FoundC64.61 H 5 . 9 5  N 1 3 . 5 6 %  

- Photo lys is  of 2b. 1 )  600 mg of 2b in  100 ml of methanol was i r r a d i a t e d  ( lamp 8, 

A ,235 nm) for 2.5 h.  A f te r  solvent remove1 the res idue was chromatographed on s i l l c a  to 

g i v e  210 mg of 5, 78 rng of 5 and  162 mg of 2. 2) 600mg of i n  100 ml of 0.05 N 

methanol ic HCI was ~ r r a d l a t e d  ( lamp 8, A >  235 nm) for  2 h.  The solvent and v o l a t i l e  

ma te r i a l s  were d i s t i l l e d  under  reduced pressure. Column chromatography of the res idue on 

s i l i c a  a f forded 25 rng of 2 a n d  178 mg of 5 w i t h  the recovery of 127 mg of E. Frac t i ona l  

d i s t i l l a t i o n  of the v o l a t i l e  ma te r i a l s  gave  a h i g h  b o i l i n g  f r a c t i o n  (157 mg) which was 

composed of 10, 11 a n d  12 i n  a 53 : 0.3 : 0.3 r a t i o  (determined b y  GC) 

2-Benryl-4-methyl-1,2,4-tr iazoline-2-thin (5) .  - M.p. 116-118° ( f rom benzene);  

( E ~ O H )  : 248 (7400);  2 (CHCI3) : 2900, 1545, 1480; (CDCI3) : 7.71 ( 5 ,  H-C i5 ) ) ,  

7.36 (m, 5H on p h e n ~ l ) ,  5.39 i s ,  2H on b e n r y l l c  ca rbon ) ,  3.59(s, H ~ c - N ( ~ ) ) ;  : 205 

(91, M'), 91 (100).  

C 1 0 ~ 1 1 ~ 3 S  Calc. C 58.53 H 5.40 N 20.48 % Found C 58.50 H 5.31 N 20.53 % 

4-~eth~l -5-benzyl -3-mercapto-1 ,2 ,4- t r iazole  (6) .  - M.P. 145-148 ( f rom benzene/acetone); 

uv ( E ~ o H )  : 240 (12000); IR (CHCI3) : 3480, 3400-2400 (b road ) ,  3000, 1575; 'H-NMR - 

(CDCI3) : 11.9 ( b r .  s ,  H-S), 7.30 (m, 5H on p h e n ~ l ) ,  4.20 ( 5 ,  2H on b e n r y l i c  carbon) ,  3.35 

1 ,  H C-N(1)) ;  : 205 (85, Mt), 172 ( I T ) ,  91 (100). 
3 

C10H11N3S Calc.  C 58.53 H 5.40 N 20.48 % Found C 58.30 H 5.23 N 20.61 % 

Photo lys is  of  3b. - 1 g of b i n  100 ml of methanol was i r r a d i a t e d  ( lamp A, A ,235 nm) 

for  5 h in the presence of s o l i d  sodium b ~ s u l f i t e .  The solvent and  v o l a t i l e  ma te r i a l s  were 

d8st i l led  under  reduced pressure. Column chromatography of the res idue on silica af forded 

156 mg of 8 ( Z  - CH, R' = C H 3 )  Conversion ( 8 )  of & cou ld  not be  determined. A f te r  

ca re fu l  removal of the solvent f rom the d i s t i l l a t e  b y  evaporat ion the res idua l  o i l  was  

ana lyzed b y  GC which showed the presence of 10. 

1,3-Dimethyl~midazol ine-2-thione (8, Z = CH, R 2  = CH3). - M.p. 128O ( f rom benrene/ac- 

etone);  (EtDH) : 261 (17000); IR (CHCI3) : 3175, 3145, 2950, 1575; (CDCI3) : 

6.68 ( 5 ,  Hz-C(4 and  511, 3.63 ( 5 ,  H3C-N(1)); 5 : 2 (100, M'). 

C5H8N2S Calc.  C 46.87 H 6.29 N 21.87 % Found C 47.79 H 6.23 N 21.88 % 



4. P h o t o l y s ~ s  of l c ,  I d  and  2d i n  ac id i c  WE. - Method a : 2.5 g of &, id or  Zd i n  

500 ml of 0.05 N aq. HCI was i r r a d i a t e d  ( lamp A, A > 2 3 5  nm) for  5 h u s i n g  a " c i r c u l a t i n g  

t h i n  film apparatus" .  The suspension formed was ext rac ted w i t h  pentane. The ex t rac t  was 

washed w i t h  water and  dried over  sodium su l fa te .  The res idue was d i s t i l l e d  under  reduced 

pressure to g i v e  a m i x t u r e  of v o l a t i l e  products.  

- Photo lys is  of l c .  - - I c  gave  790 mg of a m ix tu re  con ta in ing  myrcene (g), c is -  ( 5 )  

and  trans-ocimene ( 2 1 ,  hna loo l  ( 2 1 ,  and  a - te rp~neo l  (16) i n  a r a t i o  of 40 : 10 : 45 : 5 

(determined b y  GC, 1.5 % PEG-6000). These p roduc ts  were iso la ted b y  p r e p a r a t i v e  GC (15 % 

PEG-6000) and  identified w i t h  authent ic  specimens. 5 and 2 could not be  separated 

and  they were determined in a m ix tu re .  

- Photo lys is  of i d .  - id gave 890 mg of a m i x t u r e  con ta in lng  2, 5 and z, 2 and  

16 i n  a r a t i o  21 : 5 : 37 : 37. - 
- Photo lys is  of 2d. - g gave 930- mg of a m i x t u r e  contarn ing 12, + and x, 2 and  

16 i n  a r a t i o  of  8 : 2 : 23 : 67. - 

- Method b : 50 mg of id e i t h e r  i n  10 mi of 0.05 N aq. HCI o r  i n  10 ml of  a 1 : 1 

m ix tu re  of g l yce ro l  and  0.1 N a q .  HCI in a q u a r t z  tube ( i n n e r  diameter 10 mml was 

i r r a d i a t e d  e x t e r n a l l y  ( lamp A, 2,235 nmj  f o r  2h. For low temperature photo lys is  the tube 

was immersed i n  a q u a r t z  D e w a r  vessel f i l l e d  w i t h  coo l ing agent .  The suspension formed 

was ext rac ted w i t h  pentane, the e x t r a c t  w a s  washed w i t h  wa te r  and  d r i e d  over sodium 

sul fate.  The res idue a f t e r  evaporat ion of pentane was a g a i n  d i s t i l l e d  w i t h  pentane to 0.5 

rnl of t o ta l  voiume and  was a n a i y r e d  b y  GC (1.5 % PEG-6000) to determine products  y i e l d .  

The resu l ts  a re  shown i n  Tab le  1 

5. Photo lys is  of l c ,  i d  a n d  2d in ac id l c  methanol. - 2.5 g of  2, id or Zd i n  500 ml 

of 0.1 N methanol ic HCI w a s  i r r a d i a t e d  ( iamp B, A > 2 3 5  nm) for  5 h u s i n g  a " c i r c u l a t i n g  

t h i n  f i l m  apparatus" .  Af ter  n e u t r a l ~ z a t ~ o n  of the so lu t ion w i t h  aq. sodium b icarbonate ,  

methanol was removed a t  atmospheric pressure and  to the concentrate was added 200 ml of  

5 % aq. HCI. The ~ ~ s p e n s i o n  formed was ex t rac ted w i t h  pentane. The ex t rac t  was worked 

u p  as  i n  method a i n  the pho to l ys i s  i n  water.  

- Photolysis of l c .  - gave  750 mg of a m l x t u r e  con ta in lng  13, 14, 11, 2 and  20 i n  

a r a t i o  of 40 : 10 : 27 : 21 : 0.7. 

3-Methoxy-3,7-dimethylocta-l,6-diene ( l i n a l y l  methyl  e the r )  (17 ) .  - L i q u i d ;  2 (CCI4) : 

3090, 2980, 2940, 2830, 1640; (CC14) : 5.84-5.52 (m, H-C(2)1, 5.13 ( b r .  s, H-C(61), 

5.0 (d, J = 8.0, H C l  4.8 (d ,  J = 8.0, H C  3.03 ( 5 ,  H3C-O), 2.1-1.7 (m, Hz-C(5) l ,  

1.64 and  1.57 ( Z s ,  H3C-C(7 and  811, 1.52-1.32 (m, HZ-C(4) ) ,  1.15 ( 5 ,  H3C-C(3));  : 168 
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(1,  Mi), 153 3 136 (ZO), 85 (100). 

c ~ ~ H ~ ~ O  Calc.  C 78.51 H 11.98 % Found C 78.73 H 12.04 % 

l-Methoxy-3,7-dimethyIocta-2-trans-6-diene (ge rany i  methy l  e ther )  (18).  - L i q u i d ;  2 
(CCI4) : 2965, 2920, 1670; l M ~  (CDCI3) : 5.35 (br .  t ,  J = 7.0, H-C(211, 5.10 (rn, 

H.C(6)), 3.94 (d ,  J = 7.0, H C l  3.33 ( 5 ,  H3C-01, 2.15-2.01 (m, 4H on ~ ( 4  o r  5)1, 1.68 

and  1.60 (25 a n d  i s ,  three CH3); : 168 (2,  Mi), 153 ( I ) ,  136 (6),  69 (100).  

CllH200 Calc.  C 78.51 H 11.98 % Found C 78.55 H 12.21 % 

1-Methy1-4-(2r-methoxyprop-2'-yi)cyclohex-l-ene ( a - l e r p i n y l  methyl  e the r )  (20) .  - L i q -  

u i d ;  (CCI4) : 2975, 2930, 2900, 2830, 1450, 1380, 1365; 1190, 1160, 1140, 1085, 1075,. 

920; 'H-NMR -- (CCI4) : 5.3 (m, H-C(2)) ,  3.07 ( s ,  H3C-O), 2.1-1.5 (m, 7H), 1.60 (s, 

H C - C ( l ) ) ,  1.02 (ZS, H3-C(2 ' ) ) ;  M5 : 168 (2, M'), 153 (21, 136 (29 ) ,  73 (100). 
3 

c ~ ~ H ~ ~ O  Calc.  C 78.51 H 11.98 % Found C 78.66 H 11.75 % 

Photo lys is  of  i d .  - Id gave  780 mg of a m i x t u r e  con ta in ing  3, 14, 11, 19 and  20 i n  a 

r a t i o  of 30 : 9 : 29 : 11 : 21. Format ion of a t race amount of 18 was a l so  observed. 

1-Methyl-3,7-dimethylocta-2-cis-6-diene ( n e r y i  methyl  e the r )  (19) .  - Liquid; (CCI,) - 
: 2965, 2920, 2860, 2820, 1670; ( c c I ~ )  : 5.23 (b r . t ,  J = 8.0, H - ~ ( 2 ) ) ,  5.04 (m, 

H - c ( 6 ) ) ,  3.77 (d,  J = 8.0, H Z - C ( I ) ) !  3.16 ( 5 ,  H3C-O), 2.1-1.9 (m, 4H on C ( 4  and  5 ) ) ,  1.71, 

1.65 and  1.58 (35, three CH3); MS.: 168 (13, M I ) ,  153 ( 4 ) ,  136 (14),  69 (100).  

CllH200 Calc.  C 78.51 H 11.89,% Found C 78.69 H 11.69 % 

Photo lys is  of 2d. - gave  810 mg of a m i x t u r e  con ta in ing  3, 14, 11, 2 a n d  20 i n  a 

r a t l o  of 17 : 5 : 31 : 19 : 29. Formation of a t race  amount of  18 was a l so  observed. 

, , . ,  

6. P h o f o l y ~ ~ s  of 3c and  3d. - 3 g of - 3c o r  - 3d in 500 ml  of water  was i r r a d i a t e d  ( l amp  

A, ),>235 n m ) .  To the so lu t ion 5 g of sodium th iosu l fa te  was added i n  o rde r  to reduce 

iod ine formed d u r i n g  the photo lys is .  The react ion proceeded slower than  the cases of 2 

and  i n  a c i d i c  water .  The suspension formed was ex t rac ted  w i t h  pentane, and  the 

e x t r a c t  was worked u p  as in method a i n  the pho to l ys i s  of &, id or g i n  acidic water . 

The product  r a t l o  was ana lyzed b y  GC (15 % SE-52). Photo lys is  of & and  g gave a 

mixture of 3, + and &, 2 and  16 i n  36 : 15 : 41 : 8 a n d  i n  32 : 23 : 23 : 22 r a t i o .  

The to ta l  y i e l d  was low ( less  than 20 %) .  

7. Photo lys is  of l e .  - 2.5 g of  & i n  500 mi  of  aq.  0.05 N HCi was i r r a d i a t e d  ( lamp 

B, X > 235 nm) for 7 h u s i n g  a " c i r c u l a t i n g  t h i n  f i l m  apparatus" .  The suspension formed 

was ex t rac ted  w i t h  pentane and the ex t rac t  was worked u p  as i n  o ther  cases, to g i v e  ca 

700 mg i f  a m i x t u r e  of the product  con ta in ing  c i t rone l l ene  (c), 22% 22b and  c i t rone l l o l  



(2) i n  a r a t i o  o f  9 : 3 : 2 : 1, w i t h  a b o u t  2 % of u n i d e n t i f i e d  p r o d u c l s .  

1-Methyl-4-(2' -hydroxyprop-2'-yl)cyclohexane ( 2 2 a ) .  - L i q u i d ;  (CC14) : 2920, 2850; 

'H-NMR -- (CDCI3) : 1.85-1.20 (m, 10H), 1.16 (25, two  H ~ C - C ( Z ' ) ) ,  0.87 ( d ,  J = 8.0, 

H C - C ( 1 ) ) ;  MS : 156 (1 ,  M'), 141 (41, 123 ( l o ) ,  2 (100) .  
3 - 

C10H200 Ca lc .  C 76.86 H 12.90 % F o u n d  C 77.08 H 12.99 % 

22b. - L i q u i d ;  (CCI4)  : 2920, 2840, 1475, 1445, 1380, 1365, 1160, 1140, 910; - 

'H-NMR : 1.6-1.45 (m, 6H) ,  1.3-1.2 (m, 4H) ,  1.17 (25, t w o  H ~ c - c ( ~ ' ) ) ,  0.96 ( d ,  J = 8.0, -- 

H C - C ( 1 ) ) ;  : 156 (1,  M'), 141 ( 2 ) ,  123 ( a ) ,  69 (100) .  
3 

c ~ ~ H ~ ~ o  C a l c .  C 76.86 H 12.90 % F o u n d  C 76.92 H 12.79 % 

22a a n d  2 w e r e  o b t a i n e d  a l s o  b y  c a t a l y t i c  h y d r o g e n a t i o n  of a - t e r p ~ n e o l  over 10  % - 
D a l l a d i u m  on c h a r c o a l  
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