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Synthesis of L-3,4-Didehydroproline: Favoured
Orientation in the Key-Step Elimination Reaction
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BP 239, F-54506 Vandoeuvre les Nancy Cédex, France

L-3,4-Didehydroproline is a very interesting compound in
many respects. Its substitution for proline in peptide chains
gives precursors of deuteriated or tritiated products'?; la-
belled products allow structural study and radioimmunoassay
analysis. The incorporation of 3,4-didehydroproline into bio-
logically active peptides very seldom results in loss of activi-
ty"*>*%, in fact in some cases the activity even increases, with
reduced toxicity of the product™*,

The known syntheses"® of 3,4-didehydroproline involve a re-
solution of the racemate obtained from 2-pyrrolecarboxylic
acid and the access to large quantities of product remains te-
dious. In a previous paper’, we reported the synthesis of N-
Boc-1-3,4-didehydroproline (3a) starting from naturally oc-
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curring L-4-hydroxyproline; the key step of this synthesis was
the Tchugaeff pyrolysis of the dithiocarbonate 2 from which
elimination resulted mainly in A’-olefin formation (Scheme
A). In order to explain the observed selectivity and to obtain
another access to 3 under milder conditions, new synthetic
routes were investigated. The present work deals with new
preparative methods leading to 3 starting from Boc-L-4-hy-
droxyproline methyl ester (1), modified at the C-4 position,
by thermal-syn-elimination and base-catalysed dehydrohalo-
genation.
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The formation of olefins by thermal-syn-elimination starting
from sulfoxides® and more recently from selenoxides® has
been widely studied. Aryl sulfoxides and selenoxides were
chosen as leaving groups in order to perform the eliminations
at lower temperatures.

Sulfoxide 6 was obtained in two steps from 1 through sulfide
5 (Scheme B). Reaction using the triphenylphosphine/diethyl
azodicarboxylate system, proposed for aryl alkyl ethers syn-
thesis'’, was adapted for this purpose. Oxidation of 5 to 6,
which failed using hydrogen peroxide or sodium metaperio-
date, was quantitatively performed by means of m-chloroper-
oxybenzoic acid. The use of excess m-chloroperoxybenzoic
acid led to the formation of the sulfone 7 which remained un-
changed under the thermolysis conditions. Thermolysis of
crude 6 in refluxing toluene afforded mainly olefin 3b, in ad-
dition to 4b, with a good selectivity (Table).
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HO,, served transesterification from methyl to ethyl ester occurred
& during the second step.
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In the synthesis through seleno compounds, all reactions were
carried out in the same reaction vessel, without isolation of
any intermediates (Scheme B). Selenophenol was not com-
mercially available and unpleasent to manipulate. For these
reasons selenide 9 was prepared unlike the sulfide analog;
compound 9 was obtained in two steps starting from 1
through iodide 8 (vide infra); compound 8 was then reacted
with sodium phenylselenide'’ in boiling ethanal to give 9,
which was directly oxidised by hydrogen peroxide to yield se-
lenoxide 10. Compound 10 underwent elimination at room
temperature to afford exclusively the A*-olefin 3c. The ob-
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clo[5.4.0Jundec-5-ene (DBU)™ leads to the formation of ole-
fins by dehydrohalogenation.

Compound 1 when treated with the reagents system: triphe-
nylphosphine/diethyl azodicarboxylate/methyl jodide'* af-
forded the cis-iodo compound 8. The frans-iodo isomer 11
was obtained by isomerisation of 8 in the presence of iodide
ion (Scheme B). Use of excess reagents, higher temperature,
and longer reaction time in the preceding procedure gave a
mixture of 11 and 8. Use of methyltriphenoxyphosphonium
iodide' furnished an alternative route to 11. Both isomers
were easily separated by chromatography. Eliminations of
both iodides were carried out in toluene, in the presence of
DBU. Elimination of hydrogen iodide from 8 gave mainly the
A3-olefin 3b, whereas elimination from 11 afforded both ole-
fins 3b and 4b in almost equal amounts (Table). At room tem-
perature more than 90% of DBU hydroiodide precipitated in
toluene; the tertiary base was thus readily recovered. It was
verified that isomerisation of both iodides occurred very

Downloaded by: Collections and Technical Services Department. Copyrighted material.



September 1982

slowly under the conditions of elimination, and did not signif-
icantly influence the olefin distribution resulting from each
isomer, We have additionally checked that isomerisation of
both olefins does not occur at 80-90 °C in toluene solution, in
presence of DBU and DBU hydroiodide.

Examination of Table shows that, in all cases, the A*-olefin 3
was the major product, independant of the type of elimination
and of the configuration of the starting material.

Thermal syn-elimination and dehydrohalogenation gave high
selectivity (entries 1, 2, 4) while selenoxide elimination at
room temperature even proved to be specific. However, dehy-
drohalogenation appeared less regioselective since the trans-
iodide 11 afforded both olefins in almost equal amounts (en-
try 5). It should be noted that base-catalysed elimination re-
sulted in partial loss of chirality (entries 4, 5).

In conclusion, these various methods provided good access to
L-3,4-didehydroproline, especially the one-pot synthesis
through seleno compounds which gave the highest overall
yield under the mildest conditions.

The unexpected and predominant orientation of the elimina-
tion gave the A’-olefin as major product in all cases. Our re-
sults suggested that this orientation was mainly dependent on
a stability gain arising from the formation of two sp* carbons
at C-3 and C-4 in all cases. Dehydrohalogenation catalysed by
hindered bases also appeared sensitive to the stereochemistry
of the starting material. The A*-olefin of the enamine type
provided a good starting material for other synthetic projects
which are currently being studied.

Table. Preparation of Olefins 3 and 4

Sub- Config- Elimination Products [y of 3
strate uration Temperature Total Ratio (¢, CH;0H)

Yield of 3:4
e
4 254R 170-180°C 69 93:7
6 254§ 111°C 67 87:13 3b: —232°(0.99)
10 25.4R 25°C 87° 100:0  3c: —234°(1.28)
8 2545  80-90°C 93 87:13 3b: —207° (1.56)

11 254R  80-90°C 93 54:46 3b: —217° (1.54)

“ Yield of product isolated from elimination step.
" Overall yield from 1.

'H-N.M.R. spectra were recorded on a Cameca 250 MHz spectrome-
ter in CDCl; with TMS as internal standard. N.M.R. data indicated
the presence of two conformers with respect to the N—CO bond'® for
each proline derivative. I.R. spectra were recorded on a Perkin-Elmer
457 spectrometer. Optical rotations were measured with a Perkin-
Elmer zutomatic polarimeter in a 10 cm cell path in methanol. Micro-
analyses were obtained from the ‘“service central d'analyse du
CNRS”. T.L.C. analyses were performed on Kieselgel G-precoated
plates and developed by spraying with (A): 1. 6 normal hydrochloric
acid: 2. ninhydrin in ethanol; 3. heating, or (B): 1% potassium per-
manganate in 1 normal sulfuric acid for unsaturated products. Prepa-
rative column chromatography was conducted with Kieselgel 60
(Merck), eluting with ethyl acetate/hexane mixtures as for T.L.C.

(4S)-N-Boc—4-[2-(4,6-dimethylpyrimidyl)-thioi-l.-proline Methyl Ester
(5):

Compound 1 (0.981 g, 4 mmol) and triphenylphosphine (2.1 g, 8
mmol) are dissolved in dry tetrahydrofuran (25 ml) and the solution is
cooled to 0 °C. Diethyl azodicarboxylate (1.4 g, 8 mmol) in tetrahydro-
furan (5 ml), then 4,6-dimethyl-2-mercaptopyrimidine (1.49 g 10
mmol) without solvent, are added. After 1 h of stirring at 0 °C, T.L.C.
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(40-60) shows complete disappearance of 1. Solvent is evaporated un-
der vacuum and the residue chromatographed with the same eluent as
for T.L.C. to give 5 as colorless crystals; yield: 1.397 g (95%); m.p. 98-
99 °C (from ethyl acetate/hexane); [a]fy: —66° (¢ 0.67).
C:HxNSO,  cale. C5557 H6&6 N11.43 S 8.73
(367.5) found 55.71 6.93 11.55 8.61
"H-N.M.R. (CDCl5): §=1.43, 1.47 (25, 9H); 2.07,2.09 2m, I H, H-3'):
2.39 (s, 6H); 2.86 (m, 1H, H-3); 3.40, 3.43 (2m, 1 H, H-5"); 3.76 (s,
3H); 4.14, 422 2m, 1 H, H-5); 4.18-4.31 (br m, | H, H-4): 4.36, 4.43
(2m, 1H, H-2); 6.72 ppm (s, | H).

(45)-N-Boc-4-[2-(4,6-dimethylpyrimidyl)-sulfoxyll-L-proline Methyl Es-
ter (6):

Compound 5 is oxidised with m-chloroperoxybenzoic acid (1 equiv)
in dichloromethane at 0°C according to Ref."". Crude 6 containing
traces of sulfone 7 is used directly for the next step. An analytical
sample of 6 is obtained by chromatography (50/40) as colourless crys-
tals; m.p. 126-127 °C (from ether); [a]f;’: —-7.5{(c, 0.67).
C:H,sN;SOs  cale. C5325 H657 N 1096 S 8.36
(383.5) found 53.06 6.59 10.87 8.06

LR. (CCl,): v= 1742 (ester); 1705 (urethane); 1060, 1077 cm "' (sulfox-
ide).

"H-N.M.R. (CDCly): 2 conformers + 2 isomers at the S-atom:
0=1.39, 1.41, 1.43, 1.47 (45, 9H); 2.5-2.8 (br m, 2H, H-3 + H-3"); 2.58
(s.6H);3.7-4.1 (br m, 3H, H-4+ H-5+ H-5'); 3.75, 3.76 (25, 3H); 4.3~
4.5 (br m, 1H, H-2); 7.16 ppm (s, | H,,om)-

Thermolysis of Sulfoxide 6:

Crude 6, obtained from 5 (1.102 g, 3 mmol) as described above, is dis-
solved in toluene (15 ml) and refluxed for 2-3 h until T.L.C. (60/40)
shows complete disappearance of 6. Evaporation of the solvent and
chromatography (25/75) gives 4b and 3b as colourless oils.

3b: yield: 0.396 g (58%); [2]%: —232° (¢ 0.99).

C H;NO, calc. C 58.14 H 7.54 N 6.16

227.3) found 57.99 7.57 6.13

L.R. (neat): v=3090 (vinyl CH); 1759 + 1744 (shoulder) (ester); 1705
(urethane); 1623, 770, 685 cm ™' (double bond).

'H-N.M.R. (CDCl,): 6=1.43, 1.48 (25, 9H): 3.72, 3.73 (25, 3H); 4.2-
4.3 (m, 2H, H-5 + H-5'); 4.95, 5.01 (2m, 1 H, H-2): 571, 5.75 (2m,
1H, H-3); 5.96, 6.02 ppm (2m, 1 H, H-4).

4b: yield: 0.059 g (9%); [alfy: —108° (¢ 0.71).

CiH-NO, calc. C58.14 H754 N 6.16

(227.3) found 57.11 7.40 6.33

L.R. (neat): v=3120 (vinyl CH); 1759+ 1744 (shoulder) (ester); 1705
(urethane); 1623, 763, 703 cm ' (double bond).

'H-N.M.R. (CDCl;): 6= 1.4, 1.49 (25, 9H); 2.7 (m, | H, H-3); 3.1 (m,
I H. H-3); 3.76 (s, 3 H); 4.59, 4.66 (2m, 1K, H-2); 491, 495 2m, | H,
H-4); 6.52, 6.65 ppm (2m, 1 H, H-5).

One-Pot Conversion of 8 to 3¢ through Selenoxide 10:

Todide 8 is obtained as described below starting from 1 (0.589 g, 2.4
mmol). Tetrahydrofuran is evaporated under vacuum below 30 °C and
dry ethanol (10 ml) is added. An ethanol solution of sodium phenylsel-
enide'' (1.1 eq.) is introduced and the resulting mixture is refluxed un-
til the starting material is completely consumed (T.L.C. 25/75): then
tetrahydrofuran (5 ml) is added, the pale yellow solution is cooled in
an ice bath, and 30% hydrogen peroxide (10 eq.) is added dropwise
within 10 min under stirring below 20 °C. The mixture turns brown
and is stirred at room temperature until T.L.C. (25/75) shows com-
plete disappearance of the selenoxide 10 (~ 1.5 h). Potassium perman-
ganate spraying indicates the presence of a single unsaturated product
which is extracted with ether (2 x 50 ml), washed with aqueous sodium
hydrogen carbonate (2 x 15 ml), then with water (2 x 15 ml), until neu-
tral. and dried with magnesivm sulfate. Silica gel chromatography
(25/75) of crude product affords 3c as a colourless oil; yield: 0.504 g
(87%); lalhy: —234° (¢ 1.28).

C:HwNO, calc. C59.73 H7194 N 5.80

(241.3) found 59.79 7.88 5.63

LR. (neat): v=3090 (vinyl CH); 1758 + 1745 (shoulder) (ester); 1708
(urethane); 1623, 770, 685 cm ~' (double bond).
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"H-N.M.R. (CDCly): 5=1.26, 1.28 (2t, 3H, J=7.1 Hz); 1.4, 1.48 (25,
9H); 4.1-4.3 (m, 2H, H-5+H-5); 4.19 (q, 2H, J=7.1 Hz); 4.94, 5.01
(2m, 1H, H-2): 5.71, 5.76 (2m, | H, H-3); 5.94, 6.00 ppm (2m, 1H, H-
4).

(45)-N-Boc-4-iodo-L-proline Methyl Ester (8):

Compound 8 is prepared by the published method" with modifica-
tions in order to avoid isomerisation of 8 to 11. To 1 (1.226 g, §
mmol) and triphenylphosphine (1.574 g, 6 mmol) in dry tetrahydrofu-
ran (15 ml) cooled at 0 °C and stirred under an inert atmosphere, is ad-
ded diethyl azodicarboxylate (1.045 g, 6 mmol) in tetrahydrofuran (5
mi) followed by methyl iodide (0.852 g, 6 mmol) in tetrahydrofuran (5
ml). After addition, stirring is continued at room temperature. Starting
material consumption and iodo isomer appearance are monitored by
T.L.C. (25/75). The solvent is evaporated under vacuum below 30 °C
and the residue chromatographed (25/75) to give traces of the isomer
11 and product 8 as colourless crystals; yield: 1.598 g (90%); m.p. 63-
64 °C (from ether/hexane); [a]fy: —22° (¢ 1.04).

C H4INO, calc. C 37.20 H 5.11 N 3.94 J 3573
(355.2) found 37.45 5.10 3.83 35.71
"H-N.M.R. (CDCl,): §=1.41, 1.46 (25, 9H); 2.32, 2.35 (2m, 1 H, H-3');
2.87,2.89 (2m, 1 H, H-3); 3.6-3.7 (m, 1 H, H-5); 3.76 (s, 3H): 4.0-4.2
(m, 2H, H-4 + H-5); 4.24, 431 ppm (2m, 1 H, H-2).

(4R)-N-Boc-4-iodo-L-proline Methyl Ester (11):

The same procedure as for 8 is used except that 1 (1.226 g, 5 mmol)
and the reagent system (10 mmol) are reacted at room temperature and
that stirring is continued for 22 h. Column chromatography (25/75) al-
lows the separation of both isomers to give compound 8 [yield: 0.544 g
(30%)] and 11 as a colourless oil; yield: 1.065 g (60%); [a}5: ~56° (¢
0.78).

C HxINO, calc. C3720 HS51 N394 J3573
(355.2) found 37.53 5.21 3.82 3597
"H-N.M.R. (CDCLy): 6=1.42, 1.47 (25, 9H); 2.41 (m, 1 H, H-3"); 2.58
(m, 1H, H-3); 3.72, 3.80 2m, 1 H, H-5'); 3.74 (s, 3H); 3.96, 3.98 (2m,
1H, H-5); 4.3-4.5 ppm (m, 2H, H-2 + H-4).

Using an alternative procedure adapted from Ref.", compound 1
(0491 g, 2 mmol) and methyltriphenoxyphosphonium iodide" in
hexamethylphosphoric triamide (10 ml) are stirred at room tempera-
ture for 23 h and at 50-60 °C for 2 h. Work up by chromatography as
above gives 8 [yield: 0.185 g (26%)] and 11 [yield: 0.476 g (67%)].

Dehydrohalogenation of 8 or 11 to 3b and 4b:

A 0.1 molar solution of compound 8 or 11 (0.356 g, 1 mmol) in to-
luene and 1,5-diazabicyclo[5.4.0Jundec-5-ene (1.1 eq) are heated at 80-
90 °C for 8 h. The mixture is then allowed to stand at room tempera-
ture in order to complete precipitation of the DBU hydroiodide. The
precipitate is filtered, the solvent evaporated, and the olefins 3b and
4b separated as described above; yield: 0.184 g (81%) and 0.027 g
(12%) from 8, 0.114 g (50%) and 0.098 g (43%) from 11, respectively.

We wish to thank Dr. G. Chappuis (Bachem Chemikalien A.G. Buben-
dorf) for his generous gift of compound 3, Mrs Eppiger and Mr. Diter for
recording 250 MHz N.M.R. spectra at the Unriversity of Nancy I.
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