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THERMAL REARRANGEMENT OF TERT-BUTYL SUBSTITUTED 9,10- AND 11,12-ALLENIC RETINOIDS:
11-CIS-ISOMERS OF 19,19,19- AND 20,20,20-TRIMETHYLRETINOIDS
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Abstract: The 9,10~ and 11,12-allenic retinoids, 5a and 6a, respectively, were synthesized in
high yield and specificity by t-butylation of the propargylic benzoates 9b and 12b, respec-
tively. Thermal isomerization of the allenes afforded the ll-cis, the 11,13-dicis and the
9,11,13-tricis isomers of the 9-t-butyl retinol 3 and the 11 13—dicis isomer of the 13-t- -butyl
retinol 4,

There is continuing intense interest in the preparation of retinoid (vitamin A) analogues
as biochemical research tools. Analogues of especial interest are those which probe the
steric, electronic and conformational features of the retinoid side chain in terms of the
selectivity of binding of the retinoid to an ubiquitous array of receptor proteins. Examples
include opsin in the visual system, bacterioopsin in the light energy transduction system of
Halobacterium halobium, and putative receptors which are undoubtedly pertinent in cell dif-
ferentiation and proliferation systems.1 As a means of gaining further insight into the
sterically related topographical restrictions of the side chain, the availability of analogues
possessing exceptionally bulky groups on the retinoid side chain could provide useful
structure-function information. In this regard, a recent report by Hopf describes the pre-
paration of several 9-cis, 13-cis and 9,13~dicis-retinals bearing side-chain tert-butyl groups
(la, 1b, 2b and 2¢).2 It is the purpose of this and the accompanying communication to
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describe our complementary results concerning the preparation of several additional isomers in
the series 1-4. Our syntheses are based on regiospecific tert-butylation of retinoid side
chain propargylic benzoates to afford 9,10- and 1l1,12-allenic retinoids, 5 and 6, respec-—
tively, which are then subjected to thermal [1,5]-sigmatropic shifts. This thermal strategy,3
although not normally selective with regard to A915£§ or A1315£§ geometry, 1is specific for the
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especially important and difficult to obtain All_cig geometry.
Preparation of the 9,10-allene 5: The Negishi dienyne 743 yas transformed into its

lithium salt (n-BuLi, THF, -78 °C) and then reacted with aldehyde 8a (prepared by reacting the
lithium salt of bromide 8b3bs%4b with N,N-dimethylformamide) to afford propargyl alcohol 9a in
85% yield.5 Benzoylation (0.74 mmol PhCOCl, 2.5 mL pyridine, 9 mg N,N—-dimethylaminopyridine)
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of 9a (0.71 mmol) afforded 9b in 95% yield. Addition of the benzoate 9b (0.23 mmol; ! mL
ether) to (t-Bu)Cu(CN)Lis (1.0 mmol t-BuLi in pentane, 0.51 mmol CuCN, 2 mL ether) at -78 °C
afforded after work-up, a 94% yield of TBDMS (t-butyldimethylsilyl) protected 9,10-allenic
alcohol 5a. The latter was characterized as the alcohol SbGa [prepared in 97% yield by treat-
ment of 5a with 1 M tetrabutylammonium fluoride (TBAF) in THF for 2 h at room temperature].

Preparation of the 1l1,l12-allene 6: The aldehyde 107 was reacted with the lithium salt of the
TBDMS ether of 3-butyn-l-ol (11) to afford 12a (89%), which in turn was benzoylated as above

to afford 12b (~ quantitative). Reaction of the latter with (t-Bu)yCu(CN)Li; in ether as
above afforded the TBDMS protected 1ll,12-allene 6a in 90% yield. The latter was also charac-
terized as the corresponding vinylallenol 6b5P (91% yield from 6a).
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Thermolysis of the 9,10-allene: A solution of the 9,10-allene 5a (176 mg) in hexanes

(«-10'3 M) was refluxed (69 °C) for 22 h, cooled, and then concentrated to dryness. After
exposing the residue to TBAF in THF (1-2 h) as above followed by conventional work-up, HPLC
separation (Whatman Partisil M9 10/50 column, 3% iPrOH/Skellysolve B) afforded in order of
elution the following: bicyclooctadiene ASC (13 or 14; 13.8 mg, 11%); bicyclooctadiene B6d
(16 or 17; 26.3 wmg, 20%); the 11,13-dicis-retinol 3dbe  (25.0 mg, 19%); the
9,11,13-tricis-retinol 3ebf (9.6 mg, 7%); and the ll-cis-retinol 3£6g (13.4 mg, 10%) [67%
total yield after separation based on 5a]. 1In control experiments, all five alcohol products
were transformed back into thelr TBDMS ethers and individually subjected to the original reac-
tion conditions (69 °C, 22h). The TBDMS ether of tricis-retinol 3e, besides apparent decom—
position or transformation to minor olefinic material (IH-N'MR), afforded bicyclooctadiene A
(70% 13 or 14) and recovered starting material (30%). The remaining four TBDMS ethers led
mainly to recovered starting material. Thermolysis of 9,10-allenic retinoids of the type 5a
was anticipated to afford one mono-¢cis-retinol (ll-cis), two dicis-retinols (the 9,11- and
11,13-dicis isomers) and one tricis-retinol (the 9,11,13-tricis isomer).3Ps¢ It was also
expected that the 9,1l1-dicis isomer would not be isolable, but rather, its doubly electro-
cyclized bicyclo[4.2.0]octa-2,4~diene product would be obtained.3b'c Except for the one unex-

pected, but now reasonably explicable difference that 3e isomerizes to bicyclooctadiene A,
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this 1is precisely the behavior exhibited by 5a upon heating (TBDMS ethers were heated in all
experiments). The bicyclooctadiene A (13 or 14) is considered to result from initial eight-
electron conrotatory electrocyclization of the tricis isomer 3e (to cyclooctatriene 15)
followed by six—electron disrotatory electrocyclization.3°‘d’8 Similarly, bicyclooctadiene B
(16 or 17) is considered to result from the putative 9,l1l-dicis isomer 3g via 18.3¢-d,8 Thys,
besides the spectroscopic data used to assign stereostructures to the three retinols 3d-f and
the two bicyclooctadienes A and B, the mechanistic conjecture serves as a further basis for
these assignments. Additional support for stereochemical assignments of the retinols accrues

from their conversion to the corresponding retinals described in the accompanying communicatior
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Thermolysis of the 11,12-allene: The 11,12-allene 6a in iso-octane (~3 x 1073 M) was

refluxed (98 °C) for 64 h and then the reaction solution and the resulting residue was pro-
cessed under the same conditions as described for 5a above. HPLC separation (as above) of the
deprotected alcohol residue afforded in order of elution the following: 11,13-dicis-retinol
4g6h (32%) and then the 12j5522§719,léjsggggftetinol6i (19a, 16%)., The formation of these
isomers is readily rationalized on the basls of the expected initial [1,5]-sigmatropic shift
of 6a to afford 19b and 20 with the latter further isomerizing through an antarafacial
[1,7]-sigmatropic shift (of the hydrogen at the C-14 to C~19 in 20) to afford the observed
11,13-dicis isomer. The ll,l12-allene in the parent series (t-Bu replaced by methyl)3e has

been previously reported to afford besides a retro-retinol (corresponding to 19) and the
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11,13-dicis-retinol, the ll-cis isomer. In the present case, none of the ll-cis isomer 4f was
detected and this may be a consequence of greater steric congestion between the C-15 methylene
and the t-Bu group in 2la (the conformer leading to the ll-cis isomer) than in 21b (the con-
former leading to the observed 11,13-dicis isomer 4d).

Summarye. The results of this study amply demonstrate that in propargylic systems as
complex as 9b and 12b, where there exists the possibility of allylic as well as propargylic
displacement, and where introduction of a bulky alkyl group such as a t=-Bu cuprate is
involved, complete specificity and high yield can be achieved. The route described herein for
producing 9,10- and 11,12-allenes possessing bulky alkyl groups or other groups should be
quite general. It should be further emphasized that despite the proclivity of the allene

thermal 1isomerization route to afford certain undesirable isomers, the method allows easy
access to several of the difficult to prepare hindered ll-cis-retinoid analogues in adequate

quantities for further study.
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