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2-=Vinylbicyclo L2.2. lJhept-5--2-0ls, specif i d l y  

labelled w i t h  % at C-3 and in the vinyl group wre p m  

f m  bicyclof2~.2.l]hept-5-en-2-ane in several steps. 
13 13 [4- C]oct-l-en-3- was prepared in five steps fran 

These curpow& serve as precursors for the preparatim of 

c02. 

specifically labelled neutral and i d z e d  2-hydroJry-l,3-buta- 

dimes. 

%-labelled. 

2-Hydroxyl,3-butadiene 111 is an unstable err01 that shcrws a peculiar loss 

of a methyl grcxlp follmirq electrcn-impact ionization 121. 

explain the mechanism of th is  mss spectral fragmentation ne needed to idmtify 

via specific ?i and 13C labelling the hydrogen and carbon atans in the methyl 

eliminated.  he [cH~=cH-c(cH)-cH~]+. ion can be generated by the retm- 

D i e l s - A l d e r  fragmentation of 2~inylbicycl0[2.2.l]hept-5-en-2-01 , 1 , [ 31, 

~n order ta 
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by the I&-fferty r e a r r a n q m t  of tenninal m n e s  [2], e.g. oct-l-en-3-one1 2, 
or frm substituted cyclohexenols [43. 

synthesize labelled analogues of the former two precursors. 

For OUT purposes w have chosen to 

[ e 3 -  2 H]-2~Vi ,nylb icyc lo  [2.2.1] hept-5-en-2-01 (3)  , a precursor of 

[(El -1- 2 H]-2-hydroxy-l,3-~tadiene1 was prepared f m  bicycl0[2.2.l]hept-5-en- 
- 

2-one (4) [5] (s~harre I). 

OH 
3 

6H z 

The exchange of the enolizable hydrcqm atams in  $ proceed& cleanly to give 

the singly deuterated ketone 5 which was treated w i t h  l i t k i t n n  t r b t h y l s i l y l -  

acetylide 161 to afford the protected alcohol 6. Desilylation [7] followed by 

hydride reduction [8] of the t r i p l e  bond i n  1 furnished the labelled alcohol 2. 
An alternative reaction sequence, consisting of reducing the t r i p l e  bond f i r s t ,  

encountered difficult ies,  since the vinyl silane 8 (Schene 2) could not be d e  

silylated under non-acidic codi t ions  ( e.g. n-k4N+ F- i n  THF [g] or NaOH in 

- 

- 
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metham1 [7]), while acidic treatment lei to an untractable mixture of products, 

possibly arising by dehydration and skeletal rearranganents. 

Scheme 2 

The derivatives labelled in the vinyl gmup were prepared by an amlogous 
2 2 procedure (Scheme 3 ) .  

afforded the labelled alcohol - 10 10 which was reduced w i t h  l i t h i u m  aluminum 

deuteride i n  THF. 

afforded the labelled alcohol 11 i n  which the labile hydroxylic deuterium was 

equilibrated w i t h  methanol to obtain the OH-form. 

Desilylation of the intermediate - 9 w i t h  NaO H i n  CH30 H 

Quenching of the reactim mixture w i t h  deuterium oxide 

11 2: R=SiMe3 - - 10: R'H 

scheme 3 

Although the reduction of propargylic alcohols w i t h  l i t k i u m  aluminum deuteri- 

de was reported to lead to mn-specific deuterium introduction into the vinyl 
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group f8J , we have discovered that the reduction of 12 (scheme 41 with Liru%,, 

follawed by protic mrk-up, gave predminantly the labelled alcohol 13 ( 8 9 % ) ,  

accarpanied by mimr isotopamers containing tbe label in t e r m i ~ l  positions 

(8% (E)-2-2H a d  3% (2)-2-2H). 

6H 
13 12 .”.. .”.. 

Introducticm of 1-1 into - 1 turned out to be troublesane, since the 

possible precursars, e.g. bicyclo c2.2 .l]hept-5-en-2-01-2-carbxaldehyde, are 

unstable & undergo rearrangenents arii r h g  -ng [u] . 
turned our attention to cct-l-en-3-m which was eventually prepared in the 

labelled form by the reaction sequence shown i n  Scheme 5. 

we have therefore 

17 
-3.. 
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13 [l-I3C] Pentamic acid (14) - , prepared fran n-butyllithium and c02 by a 

mdified E l b e r t  protocol 1121 , was reduced to [l-13C]pentanol (15) - which was 
converted [13] to k- 13 C]l-braropentane (16). The G r i m  reagent prepared from 

- 1 6  was allawed tD react with acrolein to give alcohol 17 acccmpanied by [4-I3C]- 

octanal, a prcduct of lr4-addition. octenol was 9113othly oxidized with 

active manganese dioxide 1141 to the target enone Is. 
Octenone 2 was found to be rather sensitive to polymerization. For instance, 

when unstabilized it did m t  survive three days' shipping via a i r  Mil. 

be stored for mnths a t  -20°C, or it can be conveniently stabilized with 0.3% 

of acetic acid, as described for 1-buten-3-one [l~], and stored at 0°C. 

It can 

Methods. The WFl spectra were measured on a V a r i a n  -200 spectrmter (200.058, 

50.309 and 30.71 MHz for b, 13C and %, respectively, ET -1. 

l 3 C - M  spectra were measured in deuteriochlorofom a t  22 "C and referenced tn 

tetramethylsilane as internal standard. The H-decoupled H-WFl spectra m e  

measured in unlocked mode in chloroform and referwed to the signal of deuterio- 

chlorofom ( 6 7.26). The mass spectra were measured on a Jeol D l O O  double- 

focsusing spectraneter (75 eV, 300 p4, 3 kV) coupled to a gas chromtograph 

(column SE-30, 3% on ChrCBllDsorb W, 2.5 m/ 3 mn i.d.) . 
(TLC) was performed on Silufol plates (Kavalier, Czechoslovakia), detection 

with a solution of potassium permanganate in  50% aqueous acetic acid. 

The 'H- and 

1 2 

Thin-layer chrmtoqraphy 

Preparations. l'Usual work-up" means drying the solution, filterring off the 

drying agent and distilling off the solvent through a 15 cm Vigreux  oolumn. 

r3-exo-~l~icyciOr2.2.llhept-s--2-e (5). ~etolse - 4 (1.08 g, 10 ml) 151 i n  

dry THF (10 ml) was added to a solution of sodium deuteroxide (30 rrg) ard tri- 

ethylbenzylmmnim chloride (50 rrg) in  deuterium oxide (10 ml) .  The reaction 

flask was flustied with argon and the heterogMeous mixture was stirred at 20Oc 

for 100 h. Then it was neutralized w i t h  solid CD2, diluted with pentane (10 m l )  , 
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the water layer was separated and extracted twice with pentane (10 nil). 

followed by distillation in vacuo yielded 840 mg (78%) of oily ?which crystalli- 

zed upon starding at O'C, m.p. 20-22 OC. 

mass spectrum): 4.4% H2, 86.2% H1, 9.4% Ho. 

Wrk-up 

Deuterium content (frm the 11 ev 
2 2 2 

I3-a.- 2 ~~-2-e~0-vinylbicyclo~2.2.1~hept-5-en-2-ol (3-1. Ketone 5 (300 mg, 2.9 

m l )  in THF (5 ml) was added at -78OC under argon to a solution of lithium 

trimethylsilylacetylide [6] (5 m l )  in THF (10 m l ) .  

1 h at O°C the reaction was quenched with water axvl wrked up. Crude 6 (490 q, 

86%) was dissolved in methanol (5 ml) and added at O°C under argon to a solution 

of O.U+N~OH in methanol [7]. 

by TIC, elution with pentane-ether, 3:2) was extracted with pentane,wrk& up 

and purified by distillation in vacuo to give 260 nq (70% based on 2) of a semi- 
crystalline material. 

2.92 (m, lH), 2.55 ( s ,  lH), 1.80 (s, lH), 1.77 (d, J=9.8 Hz, 1H), 1.63 (dm, lH), 

1.33 (dt, Jd = 3.6 Hz, Jt = 2.0 Hz, 1H); 

(5 ml) was added to a slurry of lithium aluminm hydride (76 mg, 2 ml) in THF 

(5 ml) and the mixture was refluxed under argon for 6 h. The excessive hydride 

was decoqosed with a saturated aqueous solution of sodium sulfate, and the THF 

solution was worked up. Distillation in vacw (120 "C/ 12 Torr) yielded 180 rrg 
2 2 2 (74%) of 3; Deuterium content: 4% H2, 87% H1, 9% Ho. 2H-NMR: 6 2.03. 

Mass spectrum (m/z, rel. intensity) : 137 (3) , 136 (0.4) , 118 (1) , 109 (1) , 108 (2) , 
92(5), 80(4), 71(15), 66(100), 61(4), 55(10), 45(14), 43(16), 39(11). 

[3-exo- H1-2-exo- ( (E) -2-~rimethylsilylvinyl) bicyclor2.2.11 - hept-5-en-2-01 (8) . 
Alcohol 5 (150 rrg, 0.7 m l )  was reduced with lithium alknum hydride (50 nq, 

1.3 ml) in THF (5 ml) as described for 7. 

H-W: 6 6.31 ,5.95(AB,J=18.8. Hz), 1.14(dt, lH), 0.09(s,9H). - 8, m.p. 51 C 

Mass spectrum ( 4 2 ,  rel. intensity) : 209 (3) , 128 (55) , 118 (25) , 117 (35) , 75 (100) , 
73 (30) , 66 (82) , 59 (12) . 
Refluxing Swith four to ten-fold mlar excess of tetrabutylmnim fluoride 

in THF for 24 h led to complete recovery of the starting -. 

After 30 min at -78OC and 

- 

After 20 min stirring the product 1 (single spot 

'-: 6 6.44 (dd, lH), 6.11 (dd, lH), 3.11 (m, lH), 

Alcohol I. (240 mg, 1.8 m1) in THF 

L 

2 

Mrk-up afforded 120 mg (79%) of - 
1 . 0 - 
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2 2-ex0-(rlr2,2- - H,1Vinyl)bicyclor2.2.17~pt-5-en-2~1 - (11). A solution of S 
(500 mg, 2.4 ml) prepared fran 4 ard lithium trimethylsilylacetylide [3,6] , 
in CH302H (3 ml) was added at O°C to 0.1 M-NaO H in CH30 H (5 m l ) .  After 

stirring for 20 min the reaction mixture was worked up and 2-=- ( [2-2H]ethynyl) - 

bicyclo[2.2.l]hept-5-en-2-o1 (10) was isolated by distillation in vacuo. 

220 mg 167%). 

2.35 (dd, lH) , 1.78 (s, 1H) , 1.77 (dm, 1H) , 1.63 (b, 1H) , 1.34 (dd, 1H). 
Alcohol 

aluminum deuteride (80 mg, 1.9 ml) in THF (5 m l ) ,  and the mixture was refluxed 

d e r  argon for 6 h. The deuteride was decmpsed with deuterium oxide ( 1 ml) , 
the resulting gel was precipitated with sodium sulfate, and the mixture was wr- 

ked up. Ihe crude prcduct was dissolved in methanol (2 ml), allowed to stard for 

1 h, and the solvent was slowly distilled off in vacuo at O°C. 

tion afforded 140 mg (68%) of 2 which gave a single smt by TLC (elution with 

pentane-ether 2:l) a d  a single peak by GC. 

(dddm, lH), 2.91 (m, lH), 2.77 (m, lH), 2.04 (dd, lH), 1.56 (m, lH), 1.16(ddd, 

lH). 13C-NlR: b 140.63 (d) , 133.14 (a), 71.30 (s) , 

54.43 (d), 48.75 (t), 43.43 (t), 43.13 (d). Mass spectrum (dz, rel.intensity): 

139 (4) , 120 (1) , 107 (1) , 96 (5) , 81 (4 )  , 80 (4)  , 79 (4) , 73 (12) , 66 (100) , 58 (5) , 43 (6) , 
42(5), 41(7) , 40(6), 39(11). Deuterium content: 87.5% H3, 12.5% Ha. 

2 2 

Yield 

'H-M: - 66.44 (dd, lH), 6.11 (dd, lH), 3.11 (m, lH), 2.92 (m, lH), 

(200 mg, 1.5 ml) in THF (5 m l )  was added to a slurry of lithium 

Vacuun distilla- 

'H-IWR: 6 6.49 (ddd, lH), 6.21 

2H - W: 6 6.18, 5.33, 5.11. 

2 2 

2 2-exo-( ri- H1Virryl)bicyclor2.2.11hept-S-en-2131 (13). m a h o i  12. (250 mg, 1.9 

ml) [3] w a s  reduced with lithium aluminum deuteride (80 mg, 1.9 ml) in THF 

(5 ml) , reflux for 6 h. 
with a saturated solution of scdiun sulfate and wxked up. 

vaew yielded 220 mg (86%) of pure (by TLC and GC) 2. 
5.33 (881, 5.09 (3%). 

43.73, 43.52. 

The mixture was diluted with ether (10 m l )  , quenched 
Distillation in 

2H-IWR: 6 6.17 (89%) , 
13C-N4R: 6 140.93, 133.63, 112.10, 71.63, 53.82, 49.14, 

Mass spectrum (dz, rel. intensity): 137(3), 119(1), 109(2), 

108 (1) , 96 ( 2 )  , 95 (2) , 94 (5) , 81 (3) , 80 (4) 79 (6) 71 (161 t 66 (100) 56 (11) , 43 
2 2 

(51, 40(8) , 39(13). Deuterium content: 96% H1, 4% Ho. 

[l- C1Pentamic acid (14). 13C02 ( f m  5 m l  of Ba13C03r 85% 13C) was cden- 

Sed w i t h  dry pentme 

13 

(15 ml) at -196OC in a flask attached to a vacuum line [14 
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 he flask was  armed to ca. -100 OC in a bath containing a mixture of methanol, 

ethanal and liquid n i t rqen ,  pressurized to 133 kPa w i t h  argon, and a solution 

of butyllithiun i n  a mixture of pentane and hexane (0.2 M) , precooled t o  -78 OC, 

was s l w l y  injected below the surface [u]. The mixture was s t i r red a t  -100 OC 

for  additional 20 min ad then a t  -78OC for 1 h. 

and poured to 0.5 M-NaOH (50 ml) . 
(4 x 20 ml)  , a c i d i f i d  with collcentrated hydrochloric acid to pH 0, and acid 14 
was extracted w i t h  ether. 

led i n  vacuo to give 430 mg (84%) of 1.4, b.p. 80-90 "C/ 15 "orr, $ 1.409. 

[l-13C]pentanol (15). Acid E ( 4 1 0  mg, 4 ml) i n  ether (10 m l )  was added to a 

slurry of lithim alminun hydride (300 mg, 8 m1) in ether (20 ml) .  The mix- 

ture was refluxed for  6 h and then worked up. 

330 mg (93%) of Is, b.p. 70-80 "C/ 50 Torr, 

11-13C1-l-.,,,,,p,,td..p- (16). P b s p b r u s  tribmnide (320 q, 1.2 -1) in  pentane 

(2 ml) was addd drophse a t  -40 OC to a stirred solution of 2 (270 mg, 3 m l )  

"hen it was warmed t o  0 "C 

The Water solution was extracted with ether 

The extract was worked up and the residue was d is t i l -  

Disti l lat ion i n  vacua yielded 

1.4115. 

.. 

pyridine (75 nq) i n  pentane (2 d). TIE mixture was stirred a t  -20 "C for 

1 h, a d  the products were d is t i l l ed  off a t  atmxpheric pressure [13]. 

The obtained solution of 16 was diluted with pentane (10 ml)  , washed with 5%Hc1, 

10% HNo3, water, 5% I<IK303 an3 worked up. 

350 

J(13C- %)= 150.5 Hz, 2H), 1.84 (m, 2H) ,  1.37 (m, 2H), 1.26 (m, 2H) ,  0.88 (t, 

3H). 

[4-13c1~-1-en-3-ol (17). Brcmide 16 (330 mg, '2.2 -1) in  ether (5 ml) was 

added dropwise to crushed rmgnesim shavings (100 mg, 4.1  matan) i n  refluxing 

ether (3  m l ) .  

the solution was transferred with a syringe to another flask. 

solution of the Grignard reagent it was slowly added a solution of freshly dis- 

tilled acrolein (140 q) in ether (3  ml ) .  

1 h, quenched with ampOnim chloride solution and wrked up. 

was dis t i l led in vacm to give 380 mg (64%) of contarninatd with ca. 10% 

- 
The residue was d is t i l l ed  to give 

(76%) of 16, b.p. 50-60 "C/ 50 Torr, Go 1.4465. b-W: 6 3.40 (at, 

The mixture was refluxed for 1 h, then rooled , decanted, and 

To the cooled 

The mixture was stirred at  0 "C for 

The crude product 
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(by GC) of [4-13~]..t...1. ~ l c a h ~ l g  was purified by calm c h r m t q r a p h y  

(silica gel ,  elution with pentane-ether, 2:l) to give 260 ng of a pure prcduct, 

$ 1.4370. l3C-NMR : 6 37.00 (t) (enriched). 

1 4 - 1 3 ~ 1 ~ t - 1 -  e n - 3 - 0 ~  (18). Alcohol 17 (240 ny, 1.9 ml) in pentane (3 ml )  

was stirred w i t h  freshly prepared [14] ~tlanganese dioxide (1 g) under argon. 

After 4 h the oxidation was ccmplete (TI13 analysis, pentaneether, 2: l )  r the 

mixture was diluted w i t h  pmtane (15 ml) , f i l t e r r e d  and wrM up. 

d i s t i l l a t i o n  a t  60 "C/ 10 Torr afforded 210 ng (89%) of pure 2 of intense msh- 

room e l l .  $ 1.445. %I-= :66.36 (ddd, J = 17.4, 10.0, 2J('3C- %) = 1.2 

short-path 

Hz, lH), 6.20 (dd, J = 17.4, 2.0 HZ, lH) p 5.80 (dd, J = 10.0, 2.0 mr 1 H ) r  2.58 

(dt, 1J(13C-$) = 124.7 Hz, J = 7.7 Hz, 2H), 1.61 (m, 2H) , 1.28 (m, 4H), 0.87 

(t, 3H). 1 3 C - m  :d185.7 (d, J(  C- C) = 38 Hz), 136.58 (d, J (  C- 

13.8 Hz), 127.83, 39.61 (enriched), 34.07, 31.42, 23.68 (d, 1J(13C-13C) = 35 Hz), 

t 
1 13 13 2 13 13c) = 

13.91. Mass spectrum (m/z,  ~ l .  intensity): 98(10), 97(8), 84(9),  83(5), 71(78), 

70 (22) , 55 (100) , 44 (13), 43 (201, 42 (9) , 31 (13) , 27 (30) - 
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