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The Reaction of Tertiary Ethynyl Alcohols with
Formamide Acetals: Formation of Dienamines and
Enamine Orthoformates

Sir:
The addition of nucleophiles to unactivated acetylenic bonds

has been effected in the presence of strong base and by tran-
sition metal/Lewis acid catalysis. Neither of these methods,

Table [

however, provides an efficient synthesis of enamines.! We have
previously observed that tertiary ethynyl carbinols may be
converted by N,N-dimethylacetamide diethyl acetal to ena-
mines with rearranged skeletons.?> We now report that with
N,N-dimethylformamide acetals (2), these carbinols (1) afford
dienamines 3 and/or enamine orthoformates 4 (see Table I),
formally the products of addition of dimethylamine to the
acetylene bond.

The conversion involves heating the alcohol, 1, with excess
amide acetal. Maximum total yields were obtained when
ethanol and a trace of pivalic acid were added. The enamine
product(s) may be isolated directly by distillation or the total
reaction mixture may be hydrolyzed and the corresponding
carbonyl compounds isolated.

The ratio of enamine orthoformate to dienamine appears
to be a function of the structure of the alcohol. Carbinols 1a-c
afford good yields of mixtures of the enamine orthoformate
and dienamine products. In the case of 17a-ethynyl 178-sterols
(e.g., 1d), the dienamine containing no detectable amount of
enamine orthoformate is formed; hydrolysis of the steroidal
dienamines (by elution through wet silica gel with chloroform)
affords the A17(20).en-21-al derivatives, key intermediates in
the synthesis of corticosteroids.*

Tertiary propargyl alcohols in which the acetylene is sub-
stituted with an alkyl group do not undergo either of these

Enamine
Dienamine 3 orthoformate 4 2,MeCCO,H, EtOH Tt
Alcohol 1 (yield) (yield) (mmol, mg, ml/mmol of 1) (°C,h)
NMe,
NMe,
OH OCH(OEt),
3.5,3.8,0.20 125, 38
» 4a (40%)
1a 3a (24%)°
NMe,
NMe,
OH =~ OCH(OEt);
3.7,2.5,0.13 120, 40
1 3b (42%)° 4b (47%)
NMe;
NMe,
o ~/ OCH(OEL),
3.5,2.2,0.12 120, 40
le 3¢ (22" de (4670
NMe,
18,0.6,0.31 120, 4
MeO MeO
d 3d¢
Ph
NMe,
\><°“ Ph/\gémﬂ(om 3.6,1.6,0.16 145, 90
le 4e (55%)°
NMe,
OH (¢ ,OCH(OEt),
1.8,0.8,0.16 125, 36
| I
1 4f (50%)

aHydrolysis on wet silica afforded the corresponding aldehydes. ? Hydrolysis on wet silica afforded the corresponding keto orthoformate.
¢Crude dienamine 3d could be isolated by removing all volatile materials from the reaction mixture under reduced pressure. Preparation of
the corresponding aldehyde was most efficiently accomplished, however, by hydrolyzing the entire reaction mixture on wet silica. This pro-
cedure afforded consistently high yields (>90% based on alcohol 1d) of trans-3-methoxyestra-1,3,5,17 (20)-tetraen-21-al, mp 164—168 °c.e
dSome starting alcohol, contaminated with 4e and possibly traces of dienamine product, was recovered.
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reactions; under typical reaction conditions (7.0 mmol in 2 ml
of DMF diethyl acetal and 3 ml of ethanol containing 26 mg
of pivalic acid) 1-(1-propynyl)cyclohexanol (5) is slowly
converted to the allenic amide 6 (approximately 60% conver-
sion after 38 h at reflux). When heated with the formamide
acetal in toluene (10 mmol of 5, 3 ml of DMF diethyl acetal,
10 m! of toluene, reflux) the conversion of 5 to 6 was more ef-
ficient; a 72% yield of 6 was obtained after 4 h (along with a
129% recovery of 5). This transformation is analogous to the
reaction of allylic alcohols with DMF acetals to form 8,y-
unsaturated amides 5

CONMe2

Wl

OEt
HC—OT HC 0 HC— Nji
NMeZ

NMeg

The reaction of 4-phenyl-2-methyl-3-butyn-2-ol (1e), al-
though slower than those of alcohols in which the acetylene is
terminal, affords reasonable yields of the enamine orthofor-
mate de. Alcohol 1f, which is both propargylic and allylic, af-
forded no detectable products resulting from rearrangement
involving the olefinic bond.

We assume that this reaction proceeds by way of the mixed
amide acetal 7, which undergoes an intramolecular migration
of the dimethylamino group, leaving a carbonium ion 8a or 8b
(or the corresponding carbene) which subsequently eliminates
(8a — 3) or adds ethanol (8b — 4). The mechanism and scope
of this reaction as well as possible uses of the enamine products
in synthesis are being investigated.
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A New Method for the Preparation of Sequential
Polypeptides Using Matrix-Controlled Thermal
Polymerization

Sir:

We wish to report a new method for the preparation of se-
quential polypeptides which is based on our synthesis of se-
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quential polydepsipeptides.! We employ a thermal polymer-
ization of trifluoroacetate salts of tripeptide pentachloropheny!
esters? deposited on a celite matrix. The polymerization is rapid
compared to solution techniques. High yields of optically pure,
high molecular weight polymers are obtained. In this com-
munication, we also report a general approach to assess race-
mization in the preparation of sequential polypeptides.

We synthesized a sequential polypeptide by this technique
from the trifluoroacetate salt of L-valyl-L-valyl-L-alanine
pentachlorophenyl ester (F3CCOOH-Val-Val-Ala-OPcp). A
second polymer was synthesized by the same technique from
the polymerization of the trifluoroacetate salts of L-valyl-L-
alanyl-glycine pentachloropheny! ester (F;CCOOH-Val-
Ala-Gly-OPcp) and glycyl-L-valyl-1L-alanine pentachloro-
phenyl ester (F3CCOOH-Gly-Val-Ala-OPcp), both of which
yield the same sequence polymer. However, the former con-
tains a C-terminal glycine residue which cannot racemize
during polymerization while the latter contains an optically
active L-alanine residue which may racemize.? By comparison
of the optical purity of the L-alanyl residue from the hydrolysis
products of both polymers, it is possible to deduce the extent
of racemization during polymerization.

Two independent routes were employed to prepare
F3;CCOOH.L-Val-L-Val-L-Ala-OPcp (I). In the first syn-
thesis, L-alanine was allowed to react with L-valine NV-car-
boxyanhydride to yield the free dipeptide L-valyl-1-alanine*
which was coupled in situ with tert-butoxycarbonyl-L-valine
N-hydroxysuccinimide ester.> The resulting N-zert-butoxy-
carbonyl-protected tripeptide free acid was esterified with
pentachlorophenol at =20 °C in dimethylformamide by
treatment with dicyclohexylcarbodiimide in the presence of
N-hydroxysuccinimide.® The ferz-butoxycarbonyl group was
removed in trifluoroacetic aci 1 to yield the desired tripeptide
derivative I. The esterification of the tripeptide free acid can
conceivably involve some racemization of the C-terminal L-
alanyl residue. To avoid this side reaction, we employed a so-
called “backup route”.l.7 In this approach, tert-butoxycar-
bonyl-L-alanine was esterified with pentachlorophenol and the
tert-butoxycarbony!l protecting group removed by trifluo-
roacetic acid. This amino acid pentachlorophenyl ester was
coupled by the repetitive excess mixed carbonic-carboxylic
acid anhydride method®? to tert-butoxycarbonyl-L-valine and,
after deprotection with trifluoroacetic acid, with tert-butox-
ycarbonyl-L-valine again. Deprotection yielded the optically
pure tripeptide derivative Ia.

The polymerizable tripeptide derivative, F;CCOOH-Gly-
Val-Ala-OPcp (II) was synthesized by the same step-by-step
backup technique using appropriate repetitive excess mixed
anhydride couplings and deprotections. The remaining tri-
peptide, F3CCOOH-Val-Ala-Gly-OPcp (III), was prepared
by allowing glycine to react with tert-butoxycarbonyl-L-ala-
nine N-hydroxysuccinimide ester. After deprotection with
trifluoroacetic acid, the free dipeptide was treated with tert-
butoxycarbonyl-L-valine N-hydroxysuccinimide ester. Es-
terification with pentachlorophencl and deprotection with
trifluoroacetic acid yielded the desired polymerizable tripeptide
derivative III. All the tripeptide active esters were pure by TL.C
and gave satisfactory elemental and amino acid analysis as well
as NMR and ir spectra.

Preliminary attempts at bulk polymerization of penta-
chlorophenyl ester were unsuccessful, even at high tempera-
ture, because of trapping of the liberated pentachlorophenol
in the reaction mass.! Deposition of the monomers on an inert
matrix accelerates the sublimation of liberated pentachloro-
phenol and allows the polymerization to proceed rapidly at
temperatures well below the melting point of the monomer.

The polymerization was accomplished by dissolving the
tripeptide active ester in a dimethylformamide/dioxane mix-
ture (1:3 v/v), adding 66% by weight of micron-size celite
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