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Abstract Treatment of the sulfones I or 2 with sodium phenylsulfinate m DMSO affords the head-to-tail 
coupled conjugated monoterpenoids .S-8 in comparable amounts. The corresponding reaction of 3 pkcs the 
isomer3 16 and 17. The tail-to-tall homologation of4 furnishes chiclly a 2&4E;Z-mixrurc of the conjugated 
isoprcnolds 18 and 19. The various isoprenold mixtures are separated into their components and the 
configuration of the isomers is established by ‘H NMR double resonance and the NMR.‘NOF tcchnlquc 
The head-to-tail and tail-to-tail coupled isoprenold mixtures 5-8 and 18-21. respectlvcly. arc isomcrixed to 
2E;Z. 4E-mixtures m a 2: 1 rauo. The C, ,-sulfones I1 and I3 are obtained by treatment of 1 with the head- 
functionalized lsoprene synthon IO. Some speculations on the stereochemical course of the MIRB- 
homologatlon arr‘presented 

Out of the many isoprsnoid homologations published 
In the Irterature only a few lead toconjugated polyenes. 
For a long time this group of isoprenoids was 

predominantly synthesized with the aid of 

Horner-Wittig type reactions.’ More recently a 

variety of sulfur containing synthons has come to use 

and the unsaturation is introduced by base-catalyzed 

climinatlon of sulfinic acid.’ Surprisingly, the 
Ramberp-B&cklund reaction”- though excellent for 

the formation of olcfins-has found little application 
in the isoprenoid field. At present only two cases have 

come to our knowledge. ri: a synthesis of /?-carotene4 
and of some unsaturated acids of isoprenoid nature.” 
During our search after improved homologation 
methods of functionalized isoprenes we have 

developed an approach to conjugated isoprenoid 

polycnes based on our earlier finding that 

chloromethyl butadienyl sulfone reacts with a suitable 
nucleophile to give an intermediate adduct-anion. 

that IS trapped in a halosulfone rearrangement 

(MIRB-synthcsls”: Scheme 1). The isoprene directed 

modification of the above mentioned MIRB-reaction 
allows the step by step addition of an arbitrary number 

of isoprcne synthons in a head-to-tail or tail-to-tail 
lhshion starting from a tail-functionalited isoprenoid 

halide (Scheme 2). Z-2-Methyl-1.3-butadienylsulfi- 

natc anion’ serves as a 5-carbon synthon and is 

attached to the carbon chain with its head- 
functionality. The halogen is then reintroduced by 
successive reactions with base and hesachlorocthane 

(HCE). The actual homologation step is eticcted by a 
nucleophile. 

In earlier publications WC halt reported the 

synthesis’ and the chlorination’ of some unsaturated 

sulfones suited for the head-to-tail homologation. The 

sulfinate anion induced isomerization (Scheme 2). 
required for the tail-to-tail coupling. will be described 
separately. ‘” In this communication WC wish to report 

our first results on the homologation of the 

chlorosulfones 14. As nucleophiles WC have used 
potassium Z-2-methyl-1.3-butadienylsulfnate and 
sodium phcnylsulfinate. The former can be used 
during the build-up of the isoprenoid skeleton. the 
latter may serve as a termmal synthon to bc reductively 
split OK after the required chain length has been 
attained. 

RESLI.TS AND UISC’USSIO’V 

To achieve head-to-tail homologation of 1 and 2. a 
variety of reaction conditions. nucleophiles and 

solvents have been tested. The best results were 
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obtained with one equivalent of phenylsulfinate anion 
in DMSO at room temperature under exclusion of 
light. The USC of d,-DMSO allowed ‘H NMR 
monitoring of the reaction. The conversion of the Z- 
monochlorosulfonc I was completed in a few minutes 
and a mixture of the four phenylsulfonyl substituted 
octatriencs S-8 was formed (Scheme 3). The 
configuration of the starting chlorosulfonc did not 
affect the product composition, since both I and 2 
aflbrdcd idcntlcal octatriene mixtures. Prolonged 
manipulation of these mixtures in daylight resulted in 
the formation of the cyclized isomer 9.” The 
cyclization could be suppressed by performing the 
chromatographic purification in dimmed light. In this 
way the isomer mixture was obtained free from 9 in 
65-go”,, yield. The separation of the mixture into the 
components was achieved by low pressure liquid 
chromatography. The configurations around the 
C,-C.3 double bonds of the isomers were established 
by NLIR-NOE observations on the C+inyl-signals 
under irradiation of the CJ-Me-absorptions. The 
C, C, stcreochcmlstry followed from the Jd5. 
obtained by ‘H NMR double resonance. The 
’ H NMR-data of the isomers 5-8 are given in Table 1. 
The isomer distribution in the octatriene mixture. 
given in Scheme 3. was calculated from several non- 
coinciding ‘H NMR-signals. Isomerizatlon with 0.1 
equivalent of iodine in CHCI.3 at room temperature for 
not longer than 2 hr in the dark gave a mixture. 
consisting of the all-E-isomer 5 and 2Z,4E-isomer 7 in 

a 2:l ratio. Prolonged iodine-catalyzed or light- 
induced isomerlzation was attended with decomposi- 
lion. 

Hwd-to-tuil homologotion (I\ I or 2 using 10 

The homologations of 1 and 2 with head- 
functionalized isoprene synthon 10 (Scheme 4) under 
the same reaction circumstances as described above. 
required 6X hr at room temperature. Otherwise the 
reaction proceeded in the same way and gave an 
octatriene mixture, consisting of 71 I’(, of II - 13* and 
29”,, of the 2Z.4Z-isomer 14. 

The octatrienes were obtained in 68 ‘I,, yield after one 
fast passage through a short silica-column in order to 
remove the cyclized sulfone IS. From this mixture only 
the 2Z.4Z-isomer 14 was isolated in a pure state by low 
pressure liquid chromatography. Iodine-catalyzed 
isomerization of the original mixture furnished the 
2E,4E-isomer II and the 2Z,4E-isomer 13 in a 2: I 
ratio.::: This mixture was separated into the 
components. We were unable to Isolate the 2E,4Z- 
isomer 12. 

Head-to-tail homologution of 3 with wdilrm 

phrrl~~ls~rlfinute 

Treatment of the r,z’-dichlorosulfone 3 with one 
equivalent of sodium phenylsulfinate in DMSO at 
room temperature gave a mixture, from which 16 and 
17 were isolated by low pressure liquid chromato- 
graphy in 56”,,., and 17 no yield, respectively (Scheme 5). 

Table 1. 100 MHz ‘H NMR-data of 5-8. 16 and 17 in CDCI, (TMS. ci = O).” 

Cl-ti 

cz-Ii 

C3-Me 

C4-H 

CS-H 

C6-11’ 

C?-Me 
d 

CR-Hd 

2’,4.Z I51 - 2E,4,. (6) 
b 

2Z,4E (7) 2i,4Z (8) 2E.42 (16) 2:.‘,4E (17) 

- --. 

3.93 (d) 3.93 (dl 3.96 (dl 3.76 id) 4.02 cdl 3.95 (d) 

5.39 ;t) 5.44 (tl 5.27 ;t) 5.37 (t) 6.00 ;t) 5.57 It) 

1.46 is) 1.51 (s) 1.88 (s) 1.76 (5) 1.66 (5) 1.53 (S) 

6.09 Id: 5.63 (m) 5.97 cd; 5.16 (61 

6.41 (ql 6.16 (m) 6.44 (q) 6.12 (tl 6.58 (d) 6.46 fdl 

5.87 Id) 6.17 (ml 5.73 Id) j.GQ (dl 6.31 Id) 5.89 (dl 

1.81 (5) 1.82 (5) 1.80 Is) 1.76 (5) 1.90 1.5) 1.81 (5) 

1.70 (sl 1.77 (5) 1.77 (s) 1.76 (s) 1.83 (5) 1.75 (5) 

kSignal overlap in ‘Ii NMR did not allow the calculation 
of the separate percentages of I I 13. 

:::Traces of E-2-methyl-I.%butadlenyl compounds were 
present. seen their characlrrlstlc ‘H NMR signals.” 
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Tahlc 2. 3OOMHz ‘H NMR-data of 18-21 III CDCI, (TMS. b = 01” 

2E,4C‘ (181 2’:,4: (19) 2i,aE (20) 2Y.4” (21) I 

Cl-H 

CZ-Me 

C3-H 

CQ-H 

C5-H 

C6-HC 

C7-t4ed 

CEJ-Hd 

3.79 (s) 3.82 (s) 3.95 (S) 3.96 (s) 

1.83 cd) 
b 

1.86 (sl 1.w (Sl I.97 (5) 

5.73 cdl 6.04 (d) 6.33 (6) 6.54 (d) 

6.10 (q) 5.33 (t) 5.65 (q) 5.50 (t) 

6.23 (q) 6.18 :tl 6.22 (q) 5.96 :tI 

5.37 cd) 5.86 (dl 5.62 cdl 6.18 Id: 

1.80 (S) 1.79 (L. 1.77 (51 1.93 (51 

1,74 (S) 1.74 (s) 1.71 isI 1.73 (5) 

J 
34 

10 12 11.3 11.3 

J45 14.7 11.5 la.5 10 

‘56 10.5 12 11.3 11 

a 
The phenyl-absorptlons appeared as two Wltlplcts I” d 2 : 3 ratlO 
from 7.4-8.0 ppm. 

b 
J-1 HZ. 

C 
Al? C6-H absorptlons showed allyllc long range coupl1’1q. 

d The ~7_tQ- a:id C5-msorptlons ilaw men arbltrarlly assi?r.cd. 

No indications were found for the presence of the two 
ZZ-isomers in the reaction mixture. The configura- 
tions of 16 and 17 were proved by the NMR-NOE 
technique. The ‘H NMR-data are taken up in Table 1. 

Tail-to-lail homologation of 4 \c,ith sodium phenyl- 
.su!finafr 

The tall-to-tail homologation of 4”’ under 
circumstances already described above, proceeded 
without formation of a cyclized sulfone. corresponding 
to 9 (Scheme 3). The octatrienyl sulfoncs 18 21 
(Scheme 6) were isolated as a mixture in X0:;, yield 
after filtration through a short silica-column in order 
to remove traces of polymeric products. Fractions of 
pure isomers were obtained by low pressure liquid 
chromatography. 

1OOMHz ‘H NMR sutfered from heavy signal 
overlap. For this reason the configurations of the 
isomers 18-21 were established by 300 MHz ‘H NMR 
(Table 2). The ratio of the isomer mixture, given in 

Scheme 6, was calculated from several non-coinciding 
‘H NMR signals. It is noteworthy, that in this tail-to- 
tail homologation the 2E-content is considerably 
higher than in the head-to-tail homologation reported 
in the other sections. The iodine-catalyzed isomeriza- 
tion of the mixture of 18 21 in CHCI, resulted after 
two hours at room temperature in quantitative 
formation of an equilibrium-mixture, consisting of 
70”:, of the all-E-isomer 18 and 30’!,; of the 2Z,4E- 
isomer 20. 

Some sterwchemicul aspects of the MIRB homolo- 

gution 

The stereochemical course of the isoprenoid 
homologations of 14, described in the preceding 

sections, is determined during the two successive 
reaction steps of the MIRB-synthesis.” Michael- 
addition of the sulfinate anion to the mcthylbutadienyl 
moiety of the starting chlorosulfone (step a) results in 
formation of the C2-C, double bond of the 
octatrienes. The subsequent r-halosulfonc rearrange- 
ment (Ramberg-Backlund reaction’ I of the inter- 
mediate adduct-amon (step b) affords the C-,-C, 
double bond, as is illustrated for the homolopation of I 
with sodium phenylsulfinate (Scheme 7 I. 

Although the stcreochemical course of the reactton 
is too complex to bc understood without ktnctical 
measurements. some general trends are observed. The 
Z-configuration around the C,-C, double bond- 
determined during the Ramberg Backlund stcp- 
predominates in accordance with the literature.” The 
C2-C3 double bond formation lstcp a) is more 
sensitive to structural variations than step b. as can bc 
seen from the product compositions of the octatriene 
mixtures (Schemes 3-6). The mixture. prepared from I 
or 2, consists of comparable amounts of all four 
stereoisomers, whereas homolopation of 3 and 4 leads 
chietly to the two ZE-isomers. 

When phenylsullinic acid is used instead of Its 
sodium salt, the Ramberg- Backlund step is prcventcd 
and exclusively the thermodynamically more stable E- 
adduct is formed.’ ’ This observation might be seen as 
an indication that the addition step is slower than slcp 

b with 1 or 2, while the inverse is the case with sulfones 
3 and 4. 

EXPERIMENTAL 

All reactlons were performed under argon m the dark. 
DMSO was dried over CaH: and distilled. Sodium 
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