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Abstract lodoethynylbenzene as iodoalkyne model compouasl aminocarbonylated
with tert-butylamine under carbon monoxide atmosphere inptiesence ofn situ
palladium(0) catalysts. The formation of the unesteed carboxamide (alkynyl amide)
is always accompanied by that of the Glaser coggimoduct, diphenylbutadiyne. The
yield of the amide-forming reaction was optimizedthe systematic variation of the
phosphine ligand, carbon monoxide pressure and dmatype. The scope of the
reaction was investigated by using various primamg secondary amines including
amino acid methyl esters as N-nucleophiles.

17a-(lodoethynyl)-testosterone was also functionalidsd using this methodology
providing the corresponding d&+{carboxamidoethynyl)-testosterone derivativespn u
to 96% vyields. The reaction was extended to 1-@baynyl)cyclohex-1-ene and 1-
iodohex-1-yne. Ethyl iodopropiolate gave the enaype product by the addition of
amine to the alkyne functionality which was formé&wm the iodoalkyne via
deiodination under standard aminocarbonylation itmms. The bromo analogue,
bromoethynylbenzene has shown lower reactivity thiha corresponding iodo

derivative.
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Introduction

Carboxamides are among the most investigated comasowith high synthetic significance discussed
even in fundamental text-booksThe conventional carboxylic acid—acyl halide—cadmide route can be
circumvented by homogeneous catalytic methodologieh are based on finding applications in various
types of transition metal catalysed reactiomss a real breakthrough, the discovery of palladatalysed
aminocarbonylation of haloaromatics (iodoarenestamndoarenes) and that of their synthetic surrcgateyl
triflates, lead to the great variety of aromaticbcxamides. Similarly, the reaction of iodoalkenes and their
analogues, enoltriflates, provided the correspandif-unsaturated carboxamides. The palladium-catalysed
aminocarbonylation of both types of substrates reaEwed in many book-chapters and journal reviéws.

Although carboxamides, possessing carboxamido ifumality attached to arsp’-carbon, were
synthesised in great variety, far less examplekaogn for the synthesis of carboxamides contaigngp
carbon—amide bond. As an obvious strategy, halo@&lbased carbonylation reactions can be used. A
halodecarboxylation protocol was reported for tlgatisesis of haloalkynes by using substituted prapio
acids®> N-lodosuccinimide (NIS) was used for the synthe$is7a-iodoethynyl-steroids.

Arylalkynyl bromides were aminocarbonylated undeddmconditions toward the corresponding
carboxamides in the presence of dicobalt octacgttemna CO sourceAlkynyl amides were synthesized in a
palladium-catalyzed coupling reaction of alkynyklmaxylic acids and amines under carbon monoxide via
decarboxylation of the substrdtePropiolamides were synthesised via carbamoylaitiothe presence of
copper catalystd. Terminal alkynes were trasnsferred to the cormedipy carboxamides via oxidative
aminocarbonylation using Pd/C catal¥st. Aryl-substituted propiolamides were synthesisedmfr
iodopropiolamides and arylboronic acids via Suadigaura reactiort!

Hypervalent iodine(lll) reagents/photoredox duahbsis were used for the synthesis of alkynyl amid
via radical ynonylatiot? N-Aryl-substituted alkynyl amide underwent paliadi-catalyzed domino
carbopalladation/C-H activation/C-C bond-formatfdn\,N-Disubstituted alkynyl amides were reacted with
isolated diynes to yield benzamides with axial ality in highly enantioselective cyclization reacti*

Alkynyl amides represent an important family of amsated carboxamides due to their
pharmacological importanc¢d.Encouraged by their application as building bloeken in further transition
metal catalysed reactions, we extended our sysieimaestigations in the field of carbonylation céans to
the investigation of iodoalkynes. This way, thehRygelding aminocarbonylation of iodoalkynes witarious

primary and secondary amines is reported here.



Results and Discussion
Synthesis of iodoalkyne, (4, 6, 8 and10)

For the synthesis of iodoalkynyl substrates, applie in further catalytic transformations, terminal
alkynes such as ethynylbenzeig (L 70-(ethynyl)-testosterones), 1-ethynylcyclohex-1-ené), 1-hexyne T)
and ethyl propiolate 9 were chosen as starting material. The non-funatised iodoalkynes,
iodoethynylbenzene2] and 1-iodohex-1-yne8) were obtained by direct iodination in the preseru
iodomorpholinium iodide formeéh situ from morpholine and iodin®. The three additional functionalised
iodoalkynes, @-(iodoethynyl)-testosteronel), 1-(iodoethynyl)cyclohexene) and ethyl iodopropiolatel()
were obtained in excellent yields by usiNgodosuccinimide (NIS) as iodination age®cheme Y1*? The
bromoalkyne derivative 2() was synthesised according to a similar methodoldyy using N-

bromosuccinimide (NBS) as bromination ag&nt.

O
[N] NBS
©;| 4# @; 12 €q / \ —Br
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Scheme 1Synthesis of iodoalkyne2,(4, 6, 8 and 10) and bromoalkyne2() used as substrates in

aminocarbonylations
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Aminocarbonylation oibdoalkyne 2) and bromoalkyneX()

lodoethynylbenzene2] was reacted withert-butylamine &) and carbon monoxide under various
conditions. Highly reactive palladium(0) catalysfermed in situ from palladium(ll) acetate and the
appropriate monodentate (RPFBus, PCy, P(OPh)) or bidentate P-ligands (dppe, dppp, dppf, Xanspho
were used. The situ reduction of Pd(Il) to Pd(0) resulting in low-ligal, highly active palladium complexes
was discussed previousiy.

The formation of the target alkynyl amid&1@) is accompanied by that of the Glaser-coupling
derivative, diphenylbutadiynel®) (Table 1. Although the two products are formed in compblrabmounts
under atmospheric pressure, the chemoselectiwiartblla can be substantially increased by using higher
CO pressures (entries 3 and 4). Higher temperatfaesur direct coupling (the formation df2) at
atmospheric pressuree., lower chemoselectivity towartila was obtaineddompare entries 2, 5 and.at
has to be noted, that no similar effect was obskatenigh pressure. Simildda’12 ratios were obtained at 80
bar CO pressure at different temperatuesdries 4 and )\

A similar effect of the pressure was observed upimgsphines of high basicitye., in the presence of
PBw the higher CO pressure favours higher chemoseigctowards amide gntries 9 and 10 A typical
chemoselectivity ofca 80% was observed also with RCyentry §. The flexible diphosphines
(PhP(CH,),PPh) gave much lower chemoselectivitiesn{ries 11-18 The rigid diphosphines, dppf and
Xantphos, especially, providedla/12 ratios similar to those obtained with monodentafands éntries 14
and 15. It is worth noting that even in case of Xantpligand the increase of the temperature resulted in
similar chemoselectivity as with PPftompareentries 5 and 16 The tested phosphite ligand (P(Oflalso
formed active catalytic system with palladium, pding carboxamide yields similar to basic monodanta
ligands éntry 17.

The bromoalkyne derivative2) shows much lower reactivity than the correspogdimdoalkyne
substrated). Higher temperature and elevated reaction timesiacessary to achieve conversions simil& to
(entry 18.



Table 1. Aminocarbonylation of iodoethynylbenzen®) (in the presence odfert-butylamine as N-
nucleophile (optimization of the reaction condityn

2eq. tBuNH2
X Pd(OAc
Ph{(x ) " ELN.DMF % /
2' (X=Br)

Entry Ligand T p(CO) R.time Tf;i;bf \((ﬁlg;

[’C] [bar]  [N] [%0]

1 PPh 25 1 2.5 50/50 n.i.
2 PPh 25 1 20 70/30 62

3 PPh 25 40 2.5 91/9 85
4 PPh 25 80 2.5 88/12 68

5 PPh 50 1 2 52/48 45
6 PPh 70 1 1 29/71 10

7 PPh 70 80 2.5 89/11 68
8 P(Cy) 25 40 2.5 79/21 75

9 PBus 25 1 25  70/30 35
10 PBus 25 40 2.5 82/18 20

11 dppe 25 40 25  62/3¢ n.i.
12 dppe 25 40 2.5 61/39 60

13 dppp 25 40 2.5 53/47 48
14 dppf 25 40 2.5 80/20 74

15 Xantphos 25 40 2.5 92/8 82

16 Xantphos 50 1 1 48/52 n.i.

17 P(OPh) 25 40 2.5 83/17 76
18 PPh 50 1 8 70/30 n.i.

a) Reaction conditions: 1 mmol of substrée 2 mmol oftert-butylamine nucleophileaj; 0.025 mmol of
Pd(OAc), 0.05 mmol monophosphine or P(ORHpr 0.025 mmol of diphosphine); 0.5 mL okHEf 10 ml of
DMF

b) Determined by GC and GC-MS. Conversion of 97-9@4% achieved in all cases (unless otherwise 3tated
c) Conversion: 42%

d) Conversion: 73%

e) Isolated yield based on the starting amounth@fsubstrate?]

f) 2 was used as substrate

Aminocarbonylation obdoalkynes using various N-nucleophiles
lodoalkynes2 and4 were aminocarbonylated under optimised reactiowlitions (40 bar CO, 28C)
(Table 2 and Table Jespectively). In addition to theert-butylamine &) discussed above, piperidink)(

morpholine €), allylamine (1), methyl glycinated), methyl alaninatef), methyl valinated), methyl prolinate
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(h), methyl phenylalaninate)( N,O-dimethylhydroxylaming ] and §)-2-methylbenzylaminek( were used as

N-nucleophile. Both substrates were practicallylyfudonverted to the carboxamide$l@-k and 13a-k,
respectively). Considering the whole range of ami@ek) good to excellent yields (up to 96%) for the
isolated carboxamides were obtained. Nucleoplilesmdi gave the lowest isolated yields in both series of
carboxamidesegntries 4 and 9n both Tables) due to difficulties in chromatodnapseparation. It has to be
noted that the corresponding carboxamides wereddnm high yields even in these cases based oNNf

analysis of the crude reaction products.

Table 2 Aminocarbonylation o2 in the presence of various primary and secondaiyes

2 eq. RR'INH

| Pa(OAD PP /Ci |

Ph{ Et32N5’ %MF Ph T/1a-11:l P
Entry Amine Yield

R R’ [%]

1 | H tBu 85 (113
2 (CHy)s 84 (11b)
3 (CH2)20(CHy)2 81 (119
4 | H CH,CH=CH 62 (11d)
5 H CH,COOCH; 67 (11
6 | H CH(CH)COOCH, | 80 (L1f)
7 | H  CH(CH(CH),)COOCH |75 @19
8 CH(COOCH;)(CHy)3 83 (11h)
9 H CH(CH,Ph)COOCH 59 (11i)
10 CHs OCH; 63 (11))
11 H (9-CH(CHg)Ph 96 (11k)

a) Reaction conditions: 1 mmol of substrate, 2 mai@mine nucleophilea¢k); 0.025 mmol of Pd(OAg)
0.05 mmol of PP§ 0.5 mL of EtN, 10 ml of DMF, 40 bar CO, 2%&.
b) Yield of the isolated product based on thetistgramount of the substrat®)(
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Table 3 Aminocarbonylation of4 in the presence of various primary and secondamnes (for

reaction conditions see Table 2)
o}

;I v By %Xof‘ Sl
Pd(OAc),, PPhs
Et;N, DMF
0 4 25°C o 13a-13k
Entry Amine Yield
R R' [%0]
1 H tBu 95 (139
2 (CHy)s 96 (13b)
3 (CH2)20(CH)2 96 (139
4 H CH,CH=CH, 65 (13d)
5 H CH,COOCH; 92 (139
6 H CH(CH;)COOCH; 90 (13f)
7 H  CH(CH(CHy))COOCH: | 60 (139
8 CH(COOCH;)(CHy)3 65 (13h)
9 H CH(CH,Ph)COOCH 56 (13i)
10 | CHs OCH; 75 (13))
11 H (9-CH(CHg)Ph 78 (L3K)

To investigate the scope of the substrates in aramonylation,6 and 8 were aminocarbonylated using
selected aminesqc, e, f, j) (Table 4 and 5respectively). The alkynyl amides were isolatedmalytical purity
and fully characterised in both cases. Moderatiatisd yields were obtained. As above, it is worbking that
the relatively low yields are due to the loss @& groducts during isolation with column chromatqdra The
only side-product the Glaser-coupled diyne was &mrm less than 3%. The diynes were even not cddiect
in the reaction mixture (isolated as crude prodwstilé containing the catalyst, ammonium salts k-
products, if any) with NMR. Excellent yields werbtained with nucleophiles andf (Table 5 entries 3 and
5).



Table 4 Aminocarbonylation of6 in the presence of various primary and secondarnes (for

reaction conditions s€kable 2

9

2 eq. RRINH
.
Q = Et;N, 2DMF : Q = NRR'

6 25°C 14a, 14b, 14c

14e, 141, 14
Entry Amine Yield

R R' [%0]

1 H tBu 53 (149
2 (CHy)s 59 (14b)
3 (CH2)20(CHp)2 55 (149
4 H CH,COOCH; 59 (14¢€
5 H CH(CH;)COOCH; 47 (141)
6 CH;3 OCH; 35 (14))

Table 5 Aminocarbonylation of8 in the presence of various primary and secondarnes (for

reaction conditions see Table 2)

Pd(OAc),, PPh,
- =

2 eq. RR'NH
40 bar CO

X Et;N, DMF /\/\(NRR'
25°C
ol
8 15a, 15b, 15¢
15e, 15f, 15]
Entry Amine Yield
R R (%]
1 | H tBu 56 (159)
2 (CHy)s 64 (15h)
3 (CH2)20(CHy)2 95 (150
4 | H CH,COOCH, 53 (150
5 | H CH(CH)COOCH, | 86 (157
6 | CHs OCH 52 (L5))

The third type of iodoalkyne, the activated etlodopropiolate 10) gave the enamine type produt6)
exclusively Echeme PThe loss of iodine fromi0 resulting in ethyl propiolate took place under tbductive
conditions used and was followed by the additionaofine to the alkyne functionality. Since no simila
reaction(s) were detected, the following reactieguence could be suggested in order to rationdfize

formation of16. tert-Butylamine could serve as a hydrogen source ferhydrogenolysis of the iodoalkyne
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moiety while corresponding hydrazines and ammoniotides are formed. The addition of the amiagt6
the activated triple bond brings about enamit®. (As a consequence of the above preferred sidsioea the

target alkynyl amide was formed only in tracesqld&n 1%) and was detected by GC-MS only.

2 eq. 'BuNH,
o} 1 atm CO

0
o~ Pd(OA), PPhy  ~ J<
0N e R 0 N
| EbN.DWF H

10 50 °C, 1h 16

Scheme 2Reactions 0.0 under aminocarbonylation conditions (formatiorenamines accompanied by
deiodination)

Conclusions

lodoalkynes, easily accessible from alkynes, canctwesidered as appropriate starting materials ler t
synthesis of alkynyl amides. Under mild conditidhe iodoalkyne substrate undergoes aminocabonglatio
reaction in the presence of carbon monoxide anahgs and secondary amines. The amount of the most
characteristic side product, the Glaser couplingve@ve can be substantially reduced by the omation of

the reaction conditions (systematic variation o€ thhosphine ligand, carbon monoxide pressure and

temperature).

Experimental

3.1. General procedures

'H and**C NMR spectra were recorded in CR®h a Bruker Avance Ill 500 spectrometer at 500 and
125.7 MHz, respectively. Chemical shifisare reported in ppm relative to residual C¥(@.26 and 77.00
ppm for *H and *°C, respectively). The FT-IR spectra were taken Br lpellets using an IMPACT 400
spectrometer (Nicolet) applying a DTGS detectothia region of 400-4000 cfithe resolution was 4 ¢h
MS measurements were carried out on an Agilent LEBM RAP-XCT apparatus in ESI (positive) mode.
Samples of the catalytic reactions were analysé¢hl asHewlett Packard 5830A gas chromatograph fitted
a capillary column coated with OV-1.

The alkynes and N-nucleophiles were purchased fgagma-Aldrich and were used without further
purification. 2-Bromophenylacetylene’] substrate was synthesised according to a knovacedure

(Caution! 2-Bromophenylacetylene is a strong lacrimatorr{fraducing compound).)

3.2. Aminocarbonylation experiments at normal puess
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In a typical experiment a solution of Pd(OA¢.6 mg, 0.025 mmol), PR{13.1 mg, 0.05 mmol) (or

P'BusBF, (14.5 mg, 0.05 mmol)), 1.0 mmol iodoethynylbenz¢®e 2.0 mmoltert-butylamine &) were
dissolved in 10 mL of DMF under argon. Triethylami(0.5 mL) was added to the homogeneous yellow
solution and the atmosphere was changed to carlomoxide. The colour changed to dark red. The reacti
was conducted for 24 hours at 25, 50 o°Z0Some metallic palladium was formed at the enthefreaction
which was filtered off. (A sample of this solutievas immediately analysed by GC-MS.) The mixture was
then concentrated and evaporated to dryness. Bidusewas dissolved in chloroform (20 mL) and washe
with water (20 mL). The organic phase was thoroygidshed twice with brine (20 mL), dried over,N@&y

and concentrated to a red waxy material or a thedk Chromatography (silica, chloroform/hexane,

chloroform/ethyl acetate) yielded the desired conmols as pale yellow solid.

3.3. Aminocarbonylation experiments at high pressur

The DMF solution (10 mL) of the catalyst precurgd®td(OAc)» (5.6 mg, 0.025 mmol), 0.05 mmol
monophosphine or P(ORhyr 0.025 mmol of diphosphine) and the reactan fimol of2 or 0.5 mmol of4
iodoalkyne substrate and 2 equivalentdNefucleophile) and triethylamine (0.5 mL) was tramséd under
argon into a 100 mL stainless steel autoclave. rElaetion vessel was pressurised up to 40 or 8Qdbalr
pressure with carbon monoxide and the magnetistiied mixture was heated in an oil bath at 58®1C or

stirred at room temperature for 2.5 h. The workpumcedure is identical with that given above.

3.4. Characterization of the products

N-(tert-Butyl)-3-phenylpropiolamid€l1a): Yield: 171 mg (85%); pale yellow solid materiahp. 76-
77°C; R (5% EtOAc, 95% CHG) 0.88;54 (500 MHz, CDC}) 7.54 (2H, dJ=7.2 Hz, Ar), 7.44-7.41 (1H, m,
Ar), 7.38-7.35 (2H, m, Ar), 5.77 (1H, brsHY, 1.44 (9H, s, C(83)3 ). 8¢ (125.7 MHz, CDGJ)) 152.5, 132.4,
129.8, 128.5, 120.5, 84.1, 82.5, 52.4, 28.7. IRr{(KEcmY)): 3229v(NH), 3054v(CH, Ar), 2991, 2986, 2931,
2866v(CHjg), 2220v(C=C), 1625 Amide 1., 1551 Amide Il., 757=CH). MS m/z (rel int.): 201 (14, N}, 186
(25), 146 (16), 129 (100), 101 (8), 75 (13), 51 (5)

(3-Phenyl-propiolyl)-piperiding11b): Yield: 179 mg (84%); off-white solid material,pm105 °C; R
(5% EtOAc, 95% CHG) 0.70;5y (500 MHz, CDCY) 7.58-7.56 (2H, m, Ar), 7.45-7.42 (1H, m, Ar), 3-2.37
(2H, m, Ar), 3.81-3.79 (2H, m), 3.66-3.64 (2H, r)74-1.59 (6H, m)sc (125.7 MHz, CDGJ) 153.0, 132.3,
129.9, 128.5, 120.8, 90.3, 81.5, 48.2, 42.4, 2B, 24.6. IR (KBry (Cm'l)): 2996, 2980, 2944(CH,), 2215
v(C=C), 1623 Amide I., 1488, 1464, 1456, 148&=C), 765y(=CH). MS m/z (rel int.): 213 (46, K, 212
(50, M-1%), 184 (26), 156 (10), 129 (100), 101 (13), 75 (B8) (6), 51 (8).

4-(3-Phenylpropiolyl)-morpholing€l10): Yield: 174 mg (81%); off-white solid material,p;m58-59 °C;
Rr (5% EtOAc, 95% CHG) 0.42;5y (500 MHz, CDCJ) 7.58-7.56 (2H, m, Ar), 7.47-7.43 (1H, m, Ar), T:4
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7.38 (2H, m, Ar), 3.88-3.86 (2H, m), 3.78-3.76 (2H), 3.73 (4H, s)5c (125.7 MHz, CDCJ) 153.2, 132.4,

130.2, 128.6, 120.3, 91.2, 80.8, 66.9, 66.5, 423). IR (KBr,v (cm)): 3057, 3045/(CH, Ar), 2973, 2923,
2898, 2862v(CH,), 2217 v(C=C), 1620 Amide I., 1493, 1453, 1444, 143&=C), 1111v(C-O-C), 766
Y(=CH). MS m/z (rel int.): 215 (29, K, 186 (12), 156 (10), 129 (100), 101 (11), 86 (T®) (19), 56 (18), 51
(7).

N-Allyl-3-phenylpropiolamid€11d): Yield: 115 mg (62%); yellow solid material, n§9-40 °C; R (5%
EtOAc, 95% CHG) 0.71; 5y (500 MHz, CDCY) 7.57-7.53 (2H, m, Ar), 7.45-7.40 (1H, m, Ar), 8-3.35
(2H, m, Ar), 6.19 (1H, brs, N), 5.89 (1H, dddJ= 15.9 Hz, 10.7 Hz, 5.7 Hz,H&=CH,), 5.28(1H, dJ= 15.9
Hz, CH=CH,(E)), 5.25 (1H, dJ= 10.7 Hz, CH=Gl»(2)), 3.99.5¢ (125.7 MHz, CDGJ) 153.3, 133.2, 132.5,
130.1, 128.5, 120.2, 117.1, 84.9, 82.9, 42.9. IBr(K (cm)): 3282v(NH), 3079, 3066, 3053, 304ZCH,
Ar), 2980, 29206/(CH,), 2222v(C=C), 1637 Amide I., 1534 Amide II, 1483, 1443, 1418=C), 759y(=CH).
MS m/z (rel int.): 184 (21, N), 156 (46), 142 (15), 129 (100), 101 (13), 75 (Z2) (8).

Methyl N-(3-phenyl-propiolyl)-glycinat@l 16: Yield: 145 mg (67%); pale yellow solid materiaip. 95-
96 °C; R (5% EtOAc, 95% CHG) 0.48;5 (500 MHz, CDC}) 7.58-7.56 (2H, m, Ar), 7.47-7.44 (1H, m, Ar),
7.41-7.38 (2H, m, Ar), 6.54 (1H, brsHY, 4.19 (2H, d,J= 5.2 Hz), 3.82 (3H, s, Ids). 5¢ (125.7 MHz, CDG)
169.7, 153.3, 132.6, 130.3, 128.6, 120.0, 85.84,8%2.6, 41.5. (KBry (cm®)): 3274v(NH), 3063, 2993
v(CH, Ar), 2949, 2954, 2819, 275(CH,, CHs), 2233v(C=C), 1733v(C=0 ester) 1626 Amide I., 1549 Amide
Il., 1446, 1433v(C=C), 1285v(C-O-C ester), 764(=CH). MS m/z (rel int.): 217 (13, M, 158 (20), 129
(100), 101 (9), 75 (15), 51 (5).

Methyl N-(3-phenyl-propiolyl)-alaninatél1f): Yield: 185 mg (80%); viscous orange materiad;(5%6
EtOAc, 95% CHG) 0.68;5y (500 MHz, CDCY) 7.57-7.55 (2H, m, Ar), 7.46-7.43 (1H, m, Ar), 0-2.36
(2H, m, Ar), 6.63 (1H, dJ= 5.7 Hz, NH), 4.75-4.69 (1H, m, B), 3.81 (3H, s, €3), 1.50 (3H, dJ= 7.2 Hz,
CHs). 8¢ (125.7 MHz, CDGJ) 172.8, 152.7, 132.6, 130.2, 128.5, 120.1, 85247,852.7, 48.3, 18.4. (KB,
(cm™)): 3259v(NH), 3057v(CH, Ar), 2952, 2876, 2844(CH, CHs), 2216v(C=C), 1747v(C=0 ester) 1655
Amide 1., 1530 Amide II., 75§(=CH). MS m/z (rel int.): 231 (5, ), 172 (38), 129 (100), 101 (8), 75 (13),
51 (5).

Methyl N-(3-phenyl-propiolyl)-valinatél1g): Yield: 194 mg (75%); pale yellow solid materiadp. 62
°C; R (5% EtOAc, 95% CHG) 0.77;84 (500 MHz, CDC}) 7.60-7.58 (2H, m, Ar), 7.48-7.44 (1H, m, Ar),
7.41-7.38 (2H, m, Ar), 6.46 (1H, d= 8.7 Hz, NH), 4.70 (1H, ddJ= 8.7 Hz, 5.0 Hz, NH(8)), 3.81 (1H, s,
CHs), 2.26 (1H, dq, J=6.9 Hz, 5.0 Hz, (ekCH), 1.03 (3H, d, J= 6.9 Hz, (CBHs), 0.99 (3H, d, J= 6.9 Hz,
(CH)CHs3). 6¢c (125.7 MHz, CD() 171.9, 153.1, 132.6, 130.2, 128.6, 120.1, 8%267,8%7.4, 52.4, 31.5, 18.9,
17.9. IR (KBr,v (cm?): 3201v(NH), 3031v(CH, Ar), 2974, 2946, 2908, 2879, 283@H, CHs), 2221
v(C=C), 1736v(C=0 ester) 1627 Amide 1., 1551 Amide II., 128%-O-C ester), 76 (=CH). MS m/z (rel
int.): 259 (3, M), 244 (7), 200 (31), 129 (100), 101 (7), 75 (BD(3).
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Methyl N-(3-phenyl-propiolyl)-prolinatéotamer A + rotamer B) (11h): Yield: 213 mg (83%); viscous

orange material; R5% EtOAc, 95% CHG) 0.75;64 (500 MHz, CDC}) 7.59-7.53 (2H, m, Ar), 7.47-7.43
(1H, m, Ar), 7.41-7.37 (2H, m, Ar), 4.80-4.59 (1), 3.97-3.85 (1H, m), 3.79 (3H, s rotamer A), 338, s
rotamer B), 3.75-3.66 (1H, m), 2.42-2.27 (1H, mR121.97 (3H, m)dc (125.7 MHz, CD) rotamer A:
172.6, 152.9, 132.6, 130.3, 128.5, 120.2, 89.3],821.0, 52.6, 46.1, 30.8, 23.3; rotamer B: 172%8.1,
132.5, 130.1, 128.6, 120.5, 89.6, 82.3, 58.2, 58846, 29.8, 24.2. IR (KBr (cm®)): 3056v(CH, Ar), 2980,
2952, 2879, 2844(CH,, CHs), 2208v(C=C), 1749v(C=0 ester) 1613 Amide I., 76@=CH). MS m/z (rel
int.): 257 (7, M), 198 (43), 129 (100), 101 (7), 75 (22), 51 (8).

Methyl N-(3-phenyl-propiolyl)-phenylalaninatéli): Yield: 181 mg (59%); pale yellow solid material,
mp. 103-104 °C; R(5% EtOAc, 95% CHG) 0.80;54 (500 MHz, CDC}) 7.57-7.56 (2H, m, Ar), 7.47-7.44
(1H, m, Ar), 7.41-7.38 (2H, m, Ar), 7,36-7.33 (2, Ar), 7.31-7.28 (1H, m, Ar), 7.18-7.17 (2H, m,)A8.45
(1H, d,J= 7.7 Hz, NH), 5.02 (1H, dtJ= 7.7 Hz, 5.6 Hz, €), 3.79 (3H, s, €3), 3.28-3.18 (2H, m, By). &¢
(125.7 MHz, CDGJ) 171.3, 152.7, 135.5, 132.7, 130.2, 129.3, 12828B.5, 127.3, 120.0, 85.6, 82.6, 53.6,
52.5, 37.8. IR (KBry (cmi%)): 3296 v(NH), 3082, 3063, 3031(CH, Ar), 2946, 2838/(CH,, CHs), 2217
v(C=C), 1741v(C=0 ester) 1634 Amide I., 1531 Amide II., 1486364(C=C), 1319v(C-O-C ester), 759
Y(=CH). MS m/z (rel int.): 307 (3, k), 248 (10), 162 (28), 129 (100), 101 (7), 91 (I@),(11), 51 (7).

N-Methoxy-N-methyl-3-phenylpropiolamiflElj): Yield: 119 mg (63%); light brown solid materiahp.
36 °C; R (5% EtOAc, 95% CHG) 0.47;54 (500 MHz, CDC}) 7.59 (2H, d,J=7.3 Hz, Ar), 7.47-7.44 (1H, m,
Ar), 7.41-7.31 (2H, m, Ar), 3.87 (3H, brs, ®6), 3.32 (3H, brs, NCH. 5¢c (125.7 MHz, CDG) 154.7, 132.6,
130.2, 128.5, 120.5, 90.4, 80.8, 62.2, 32.6. IR r(kB(cm%)): 3056, 301%(CH, Ar), 2971v(CHs), 2218
v(C=C), 1638 Amide |., 1492, 1472, 1461, 1447, 14(5=C), 1202v(C-O-C), 760y(=CH). MS m/z (rel int.):
189 (4, M), 159 (4), 129 (100), 101 (8), 75 (16), 51 (6).

(S)-3-Phenyl-N-(1-phenylethyl)propiolamidg&lk): Yield: 239 mg (96%); pale yellow solid material,
mp. 108 °C; R(5% EtOAc, 95% CHG) 0.82;64 (500 MHz, CDC}) 7.56-7.29 (10 H, m, Ar), 6.24 (1H, brs,
NH), 5.29-5.23 (1H, m, B), 1.60 (3H, d, E3). d¢c (125.7 MHz, CD{) 152.5, 142.3, 132.5, 130.3, 128.8,
128.5, 127.7, 126.3, 120.2, 84.7, 83.1, 49.4, ARFKBr, v (cmY)): 3316v(NH) 3085, 3063, 303#(CH, Ar),
2968, 2927, 286¥(CHs;, CH), 2215v(C=C), 1623 Amide I., 1529 Amide Il., 1495, 1451, 1446=C), 762
Y(=CH). MS m/z (rel int.): 248 (21, M-}, 206 (23), 191 (15), 129 (100), 104 (15), 77 (B2) (12).

17p-Hydroxy-N-(terc-butyl)-1@-pregna-4-en-20-yn-3-one-20-carboxam{d8a): Yield: 195 mg (95%));
light brown solid material, mp. 129-130 °C; 0% EtOAc, 50% CHG) 0.58;64 (500 MHz, CDC}) 5.75
(1H, s, 3-¢), 5.69 (1H, s, M), 2.48-1.01 (19H, m skeleton protons), 1.38 (9H, (€HB)3), 1.21 (3H, s, 19-
CHs), 0.92 (3H, s, 18-CH). ¢ (125.7 MHz, CDGJ) 199.4, 170.9, 152.2, 124.0, 86.4, 81.5, 79.70,5382.4,
50.1, 47.2, 38.7, 38.6, 36.3, 35.6, 33.9, 32.8/,321.3, 28.6, 23.2, 20.7, 17.4, 12.7. IR (KB(cm'l)): 3325
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v(OH), 2965, 2945, 2874 CH,, CHy), 2221v(C=C), 1659 Amide | #(C=0) +v(C=C), 1531 Amide II., 1069

v(C-OH). MS (ESI) m/z (rel int.): 412.3 (100, MH1MS? m/z (rel int.): 394.3 (21), 356.2 (100), 338.2)(29
1-(178-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-piperidin@3b): Yield: 203 mg (96%); off
white solid material, mp. 116 °C;; f560% EtOAc, 50% CHGJ 0.50;04 (500 MHz, CDC4) 5.76 (1H, s, 3-
CH), 3.72-3.64 (2H, m), 3.63-3.53 (2H, m), 2.48-1(@®H, m, skeleton protons), 1.72-1.57 (8H, m), 1.22
(3H, s, 19-CH), 0.94 (3H, s 18-CH). ¢ (125.7 MHz, CDCJ) 199.3, 170.7, 152.5, 124.0, 94.3, 79.8, 78.9,
53.5, 50,4, 48.2, 47.4, 42.4, 38.7, 38.6, 36.28,333.9, 32.8, 32.7, 31.5, 26.4, 25.3, 24.5, 2327, 17.5,
12.7. IR (KBr,v (cm™)): 3304, 3259/(OH), 3008, 2972, 2939, 285{CH,, CHs), 2219v(C=C), 1665v(C=C)
+v(C=0), 1603 Amide I., 107Q(C-OH). MS (ESI) m/z (rel int.): 424.3 (100, MH1MS? m/z (rel int.): 406.3
(100), MS m/z (rel int.): 388.3 (100), 321.2 (30), 251.1)5409 (32), 138 (78).
4-(17p-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-morpholi(i3c) : Yield: 204 mg (96%); off
white solid material, mp. 189-190 °C; 0% EtOAc, 50% CHG) 0.29;64 (500 MHz, CDC4) 5.75 (1H, s,
3-CH), 3.75-3.65 (8H, m), 2.48-0.98 (19H, m, skeletootgns), 1.21 (3H, s, 19-G} 0.94 (3H, s 18-CH). 5¢
(125.7 MHz, CDJ) 199.3, 170.6, 152.8, 124.0, 96.0, 79.9, 78.28,685.4, 53.4, 50,4, 47.4, 47.2, 42.0, 38.8,
38.6, 36.3, 35.7, 33.9, 32.9, 32.7, 31.5, 23.27,207.4, 12.7. IR (KBry (Cm'l)): 3375v(OH), 2940, 2857
v(CH,, CHg), 2218 v(C=C), 1665v(C=C) + v(C=0), 1603 Amide I., 1069(C-OH). MS (ESI) m/z (rel
int.):426.3 (100, M+1), MS? m/z (rel int.): 408.3 (100), MSm/z (rel int.): 390.3 (100), 321.2 (71), 303.2
(71), 275.1 (74), 251.1 (79).
17p-Hydroxy-N-(allyl)-1&-pregna-4-en-20-yn-3-one-20-carboxami@edd): Yield: 128 mg (65%); off
white solid material, mp. 201-202 °C; 0% EtOAc, 50% CHG) 0.43;64 (500 MHz, CDC}) 6.10 (1H,
brs, NH), 5.90-5.80 (2H, ddd, J= 16.2 Hz, 10.4 Hz, 5.7CG#=CH,), 5.75 (1H, s, 3-8), 5.25 (1H, d,)= 16.2
Hz CH=CH,(E)), 5.19 (1H, dJ= 10.4 Hz CH=CH2(2)), 3.93 (2H, 8= 5.7 Hz, NG&1,), 2.48-0.99 (19H, m,
skeleton protons), 1.21 (3H, s, 19-§H0.92 (3H, s 18-CH). 5¢ (125.7 MHz, CDGJ) 199.4, 170.9, 152.9,
133.2, 124.0, 117.3, 88.9, 80.4, 79.7, 53.1, 503, 42.3, 38.7, 38.6, 36.3, 35.7, 33.9, 32.8/,321.4, 23.2,
20.7, 17.5, 12.7. IR (KBry (cm?Y)): 3299v(OH), 2983, 2973, 2943, 2908, 2883, 28§8H,, CHs), 2220
v(C=C), 1652 Amide | +(C=0) +v(C=C), 1520 Amide Il., 1068(C-OH). MS (ESI) m/z (rel int.):396.3
(100, M+T), MS? m/z (rel int.): 378.3 (100), M8/z (rel int.): 360.3 (45), 337.2 (100), 321.3)26
(17p-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-glycine methygied 36 : Yield: 196 mg (92%);
pale yellow solid material, mp. 191 °C; 0% EtOAc, 50% CHG) 0.31;64 (500 MHz, CDC}) 6.75 (1H,
brs, NH), 5.75 (1H, s, 3-8), 4.11 (2H, d, J=5.1 Hz), 3.80 (3H, s, §H2.48-0.99 (19H, m, skeleton protons),
1.21 (3H, s, 19-CkJ, 0.92 (3H, s 18-Ch}. oc (125.7 MHz, CDGJ) 199.4, 170.9, 169.9, 153.1, 124.0, 90.1,
79.9, 79.6, 53.1, 52.6, 50.2, 47.3, 41.3, 38.63,38b.6, 33.9, 32.8, 32.7, 31.4, 23.2, 20.7, 17247. IR (KB,
v (cmY)): 3331v(OH), 2975, 2949, 2887, 2862CH,, CHs), 2225v(C=C), 1730v(C=0 ester), 166¥(C=C) +
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v(C=0) + Amide I., 1539 Amide II., 1064C-OH). MS (ESI) m/z (rel int.):428.3 (100, M®1LMS* m/z (rel

int.): 410.3 (100), 378.2 (28), 350.3 (13), 321.3)(

(17p-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-L-alanine metlegter (13f): Yield: 199 mg
(90%); light brown solid material, mp. 152-153 %;;(50% EtOAc, 50% CHG) 0.40;6y (500 MHz, CDCY)
6.88 (1H, d, J= 7.2 Hz, ), 5.75 (1H, s, 3-6), 4.68-4.62 (1H, m), 3.78 (3H, s, GH2.48-1.00 (19H, m,
skeleton protons), 1.45 (3H, d, J= 7.2 Hz,5H.21 (3H, s, 19-Ckj, 0.92 (3H, s 18-Ck). éc (125.7 MHz,
CDCl) 199.4, 173.2, 170.9, 152.6, 124.0, 89.7, 80.16,78.1, 52.7, 50.2, 48.3, 47.3, 38.7, 38.6, 38536,
33.9, 32.8, 32,7, 31.3, 23.2, 20.7, 18,2, 17.47.1R (KBr, v (cmY)): 3360, 3309/(OH), 2976, 2946, 2878,
2860v(CH,, CHs, CH), 2220v(C=C), 1743v(C=0 ester), 1668, 162§C=C) +v(C=0) + Amide I., 1529
Amide Il., 1069v(C-OH). MS (ESI) m/z (rel int.):442.4 (100, M%1 MS? m/z (rel int.): 424.3 (100), 410.2
(11), 392.2 (56), 364.2 (57), 321.2 (12).

(17p-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-L-valine methgkee (139 : Yield: 141 mg
(60%); pale yellow solid material, mp. 169-170 R (50% EtOAc, 50% CHG) 0.53;5 (500 MHz, CDC})
6.90 (1H, d, J= 9.0 Hz, M), 5.76 (1H, s, 3-68), 4.62 (1H, dd, J= 9.0 Hz, 5.2 Hz), 3.78 (3H, 83} 2.48-
1.01 (19H, m, skeleton protons), 2.21 (1H, dq, B=-Hz, 5.2 Hz), 1.21 (3H, s, 19-GK 0.99 (3H, d, J=6.8
Hz), 0.97 (3H, d, J= 6.8 Hz), 0.93 (3H, s 18<LHc (125.7 MHz, CDCJ) 199.5, 172.3, 171.0, 153.3, 124.0,
90.1, 80.1, 79.6, 57.4, 53.0, 52.4, 50.1, 47.27,388.6, 36.3, 35.6, 33.9, 32.8, 32.7, 31.4, 32333, 20.7,
18.9, 17.9, 17.4, 12.7. IR (KBy, (cmi)): 3433, 3350/(OH), 2951, 2876/(CH,, CHy), 2223v(C=C), 1736
v(C=0 ester), 1676(C=C) +v(C=0), 1639 Amide I., 1535 Amide II., 1064C-OH). MS (ESI) m/z (rel
int.):470.4 (100, M+1), MS? m/z (rel int.): 452.3 (100), 438.3 (21), 420.3)5810.3 (36), 392.3 (72), 321
(7).

(175-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-L-proline metagter (rotamer A+ rotamer B)
(13h):Yield: 152 mg (65%); off white solid material, mp30-131 °C; R(50% EtOAc, 50% CHG) 0.32;54
(500 MHz, CDC}) 5.76 (1H, s, 3-8), 4.62-4.50 (1H, m, rotamer A+ rotamer B), 3.888B(6H, m), 3.77
(3H, s, rotamer A), 3.76 (3H, s, rotamer B), 2.4970(19H, m, skeleton protons), 1.22 (3H, s, 19CH
rotamer A), 1.21 (3H, s, 19-GHrotamer B), 0.94 (3H, s 18-GHotamer A), 0.92 (3H, s 18-GHotamer B).
dc (125.7 MHz, CDCJ) rotamer A+ rotamer B 199.4, 172.8, 172.0, 171H).9, 170.8, 152.6, 152.5, 124.0,
94.0, 93.7, 79.8, 79.7, 61.2, 58.2, 53.3, 53.17,522.4, 50.3, 50.2, 48.4, 47.3, 47.2, 46.1, 38836, 38.5,
36.2, 35.7, 34.0, 32.8, 32.7, 31.4, 31.3, 30.77,224.2, 23.3, 23.2, 23.1, 20.7, 17.4, 12.7, 1IR6(KBr, v
(cmY)): 3257 v(OH), 2974, 2945, 2914, 2891, 285@CH,, CHs), 2221v(C=C), 1743v(C=0 ester), 1714
v(C=0), 1671v(C=C), 1608 Amide I., 1078(C-OH). MS (ESI) m/z (rel int.):468.3 (100, ML MS? m/z
(rel int.): 450.3 (100), 390.2 (15), M8!50.3) m/z (rel int.): 390 (100), 321.2 (26), 3D8)

(17p-Hydroxy-1&-pregna-4-en-20-yn-3-one)carbonyl-L-phenylalninghyeester(13i) : Yield: 145 mg
(56%); pale yellow solid material, mp. 85-86 °G;(B0% EtOAc, 50% CHG) 0.53;64 (500 MHz, CDC})
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7.32-7.25 (3H, m, Ar), 7.16-7.13 (2H, m, Ar), 6.8@H, d, J= 7.8 Hz), 5.76 (1H, s, 3, 4.93-4.89 (1H, m),

3.74 (3H, s, Ch), 3.17-3.08 (2H, m, Ph(CH), 2.48-0.98 (19H, m, skeleton protons), 1.21 (83H19-CH),
0.91 (3H, s 18-CH). 6c (125.7 MHz, CDGJ) 199.5, 171.7, 171.1, 152.8, 135.5, 129.3, 12825,3, 123.9,
90.1, 79.9, 79.5, 53.6, 53.1, 52.5, 50.1, 47.37,388.6, 37.7, 36.2, 35.6, 33.9, 32.8, 32,7, 32332, 20.7,
17.4, 12.7. IR (KBry (cnmi?): 3413v(OH), 3029, 3015/(CH, Ar), 2947, 2875, 285W(CH,, CHs, CH), 2223
v(C=C), 1745v(C=0 ester), 1659(C=C) +v(C=0) + Amide |., 1529 Amide Il., 1064C-OH). MS (ESI) m/z
(rel int.):518.3 (100, M+1), MS? m/z (rel int.): 500.3 (100), 486.3 (11), 468.3X2458.2 (11), 440.3 (66). 321
(6).

17p-Hydroxy-(N-methyl-N-methoxy)-d-pregna-4-en-20-yn-3-one-20-carboxamifles)) : Yield: 150
mg (75%); light brown solid material, mp. 182 °G;(R0% EtOAc, 50% CHG) 0.37;64 (500 MHz, CDC})
5.76 (1H, s, 3-6), 3.78 (3H, s, OCEkJ, 3.25 (3H, brs, NCkJ, 2.47-0.97 (19H, m, skeleton protons), 1.22 (3H,
s, 19-CH), 0.95 (3H, s 18-CH). 5¢c (125.7 MHz, CDGCJ) 199.4, 170.8, 154.2, 124.0, 94.4, 79.8, 78.22,62.
53.5, 50,3, 47.4, 38.7, 38.6, 36.2, 35.8, 33.98,322.7, 32.4, 31.5, 23.2, 20.7, 17.4, 12.7. IR r(KHcm'l)):
3351v(OH), 2974, 2946, 2882, 285{CH,, CH;s), 2225v(C=C), 1671v(C=0), 1639%(C=C), 1613 Amide .,
1069v(C-OH). MS (ESI) m/z (rel int.):400.3 (100, M%1 MS? m/z (rel int.): 382.3 (100), 321,2 (30), 293.2
(14).

17p-Hydroxy-N-((S)-1-phenylethyl)-&#fpregna-4-en-20-yn-3-one-20-carboxamidé3k): Yield: 179
mg (78%); light brown solid material, mp. 119 °G;(B0% EtOAc, 50% CHG]) 0.48;54 (500 MHz, CDCY)
7.39-7.29 (5H, m, Ar), 6.23 (1H, d= 7.5 Hz, NH), 5.75 (1H, s, 3-8), 5.17 (1H, dg, J= 7.5 Hz, 7.0 Hz,
(CH3)CH), 2.64-1.0 (19H, m, skeleton protons), 1.54,(@8HJ= 7.0 Hz), 1.21 (3H, s, 19-¢H0.92 (3H, s 18-
CHs). oc (125.7 MHz, CDGJ) 199.5, 171.0, 152.1, 142.1, 128.8, 127.7, 12624,0, 88.70, 80.6, 79.8, 53.0,
50,1, 49.4, 47.3, 38.7, 38.6, 36.3, 35.6, 33.98,3%2.7, 31.3, 23.2, 21.3, 20.7, 17.4, 12.7. IR(KBcm™)):
3394, 3303v(OH), 3060, 302%(CH Ar), 2974, 2945, 2873(CH,, CHs), 2222v(C=C), 1656 Amide | +
v(C=0) +v(C=C), 1530 Amide II., 1069(C-OH). MS (ESI) m/z (rel int.):460.3 (100, M%1 MS* m/z (rel
int.): 356.2 (100), 338.3 (8), M$338.3) m/z (rel int.): 321.2 (100), 310.2 (75932 (29), 202.1 (33).

N-(tert-Butyl)-3-(cyclohex-1-en-1-yl)propiolamid&4a): Yield: 108 mg (53%); yellow solid material,
mp. 78 °C; R (5% EtOAc, 95% CHG) 0.91;8y (500 MHz, CDC}) 6.33 (1H, s, =), 5.64 (1H, brs, N),
2.15-2.12 (4H, m), 1.68-1.58 (4H, m), 1.39 (9HCECH3)3) 8¢ (125.7 MHz, CDGJ) 153.0, 139.6, 118.8,
84.6, 82.0, 52.2, 28.6, 28.2, 25.8, 22.0, 21.2KBr, v (cn?): 3241v(NH), 3052v(=CH), 2967, 2924, 2859
v(CH,, CHz) 2208v(C=C), 1620v(C=C) + Amide I., 1537 Amide II., 1454. MS m/z (iiet.): 205 (18, M),
190 (24), 175 (2), 161 (2), 150 (18), 133 (100§ (16), 77 (22), 51 (7).

3-(Cyclohex-1-en-1-yl)-1-(piperidin-1-yl)prop-2-yinene (14b): Yield: 128 mg (59%); red oil; /5%
EtOAc, 95% CHGJ) 0.84:5, (500 MHz, CDCY) 6.37-6.34 (1H, m, =8), 3.69 (2H, tJ= 5.6 Hz), 3.59 (2H, t,
J= 5.6 Hz), 2.20-2.13 (4H, m), 1.68-1.65 (2H, m)641.60 (2H, m), 1.58-1.54 (2H, m)c (125.7 MHz,
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CDCly) 153.4, 139.4, 119.2, 92.4, 79.3, 48.1, 42.3, 28/, 25.9, 25.4, 24.6, 22.0, 21.2. IR (KB(cmiY)):

2935, 285A(CH,) 2197v(C=C), 1628v(C=C)+ Amide I., 1433. MS m/z (rel int.): 217 (10@,"), 202 (42),
188 (52), 160 (29), 136 (48), 133 (93), 105 (42)(B7), 80 (63), 77 (78), 55 (26).

3-(Cyclohex-1-en-1-yl)-1-morpholinoprop-2-yn-1-or@40: Yield: 120 mg (55%); yellow solid
material, mp. 49 °C; R5% EtOAc, 95% CHG) 0.67;84 (500 MHz, CDCJ) 6.37 (1H, m, =€), 3.76-3.74
(2H, m), 3.71-3.70 (2H, m), 3.66 (4H, brs), 2.1642(4H, m), 1.68-1.58 (4H, mpc (125.7 MHz, CDGJ)
153.6, 140.2, 118.9, 93.3, 78.6, 66.9, 66.5, 44129, 28.3, 25.9, 21.9, 21.1. IR (KBvr(cm'l)): 2926, 2904,
2864v(CH,), 2197v(C=C), 1613v(C=C) + Amide ., 1427, 1271, 1253, 11¢&-0-C). MS m/z (rel int.);
219 (48, M), 204 (5), 190 (12), 133 (100), 105 (26), 86 (48)(45), 56 (33).

Methyl (3-(cyclohex-1-en-1-yl)propioloyl)glycinat@4e: Yield: 130 mg (59%); yellow oil; R(5%
EtOAc, 95% CHGJ); 0.67;5y (500 MHz, CDCJ) 6.43 (1H, brs, M), 6.39 (1H, brs, =8), 4.11 (2H, dJ=5.3
Hz), 3.79 (3H, s, €3), 2.17-2.14 (4H, m), 1.68-1.58 (4H, nd); (125.7 MHz, CDG)) 169.8, 153.8, 140.8,
118.6, 87.9, 80.3, 52.5, 41.4, 28.2, 25.9, 21.91.2R (KBr,v (cm™)): 3276v(NH), 2935, 28606/(CH,, CHs),
2206v(C=C), 1745v(C=0 ester), 1636(C=C) + Amide I., 1533 Amide Il., 1300, 1230C-O-C ester), 1180.
MS m/z (rel int.): 221 (20, ), 206 (1), 190 (2), 162 (11), 133 (100), 105 (I3)(22), 51 (8).

Methyl (3-(cyclohex-1-en-1-yl)propioloyl)-L-alanitea(14f): Yield: 110 mg (47%); yellow oil; R(5%
EtOAc, 95% CHGJ) 0.81;5, (500 MHz, CDCY) 6.44 (1H, dJ= 7.2 Hz, NH), 6.39 (1H, s, =€), 4.69-4.63
(1H, m, H), 3.79 (3H, s, Ch), 2.17-2.14 (4H, m), 1.69-1.59 (4H, m), 1.46 (3HJ= 7.2 Hz, CH). (125.7
MHz, CDCk) 172.9, 153.1, 140.6, 118.6, 87.5, 80.5, 52.63,488.2, 25.9, 22.0, 21.1, 18.4. IR (KBr(cm
1): 3272v(NH), 3029v(=CH), 2987, 2934, 286@CH,  CHs), 2203v(C=C), 1740v(C=0 ester), 1645(C=C)
+ Amide 1., 1528 Amide II., 1218(C-O-C ester), 1179. MS m/z (rel int.): 235 (7 )M204 (1), 176 (43), 133
(100), 105 (9), 77 (17), 51 (6).

3-(Cyclohex-1-en-1-yl)-N-methoxy-N-methylpropiolden{14j): Yield: 68 mg (35%); red oil; R(5%
EtOAc, 95% CHGJ) 0.81;3y (500 MHz, CDCY) 6.42 (1H, brs, =€), 3.80 (3H, s, -OC#J, 3.26 (3H, brs, -
NCHjs), 2.20-20.16 (4H, m), 1.68-1.62 (4H, ni}, (125.7 MHz, CD() 155.1, 140.7, 119.0, 92.8, 78.7, 61.9,
32.5, 28.3, 25.9, 22.0, 21.2. IR (KBr{cm)): 2934, 2860/(CH,, CHs), 2205v(C=C), 1642v(C=C) + Amide
1., 1412, 138(C-O-C), 720y(=CH). MS m/z (rel int.): 193 (<1, k), 163 (75), 133 (100), 105 (46), 77 (57),
51 (24).

N-(tert-Butyl)hept-2-ynamidél53a): Yield: 102 mg (56%); yellow solid material, mp. 3€; R (5%
EtOAc, 95% CHGJ) 0.85;8 (500 MHz, CDCY) 5.60 (1H, brs, M), 2.28 (2H, tJ= 7.1 Hz), 1.57-1.50 (2H,
m), 1.47-1.41 (2H, m), 1.38 (9H, s, G4€)s), 0.93 (3H, tJ= 7.3 Hz).5¢c (125.7 MHz, CDGJ) 152.8, 85.1,
76.6, 52.1, 29.8, 28.6, 22.0, 18.2, 13.5. IR (KB(cniY)): 3324v(NH), 2967, 2932, 2873(CH;, CHg), 2239
v(C=C), 1638 Amide I., 1522 Amide II., 1451, 1288, 12BIS m/z (rel int.): 181 (23, K), 166 (90), 152 (1),
138 (6), 126 (100), 109 (92), 79 (39), 58 (96).
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1-(Piperidin-1-yl)hept-2-yn-1-on€l5b): Yield: 124 mg (64%); red oil; R(5% EtOAc, 95% CHG)

0.78;84 (500 MHz, CDCJ) 3.70-3.67 (2H, m), 3.58-3.55 (2H, m), 2.36 (2HI=t 7.1 Hz), 1.67-1.64 (2H, m),
1.62-1.54 (6H, m), 1.48-1.40 (2H, m), 0.93 (3HJ,7.3 Hz).5¢ (125.7 MHz, CDGJ) 153.2, 93.1, 73.9, 48.1,
42.2,29.9, 26.4, 25.4, 24.5, 22.0, 18.7, 13.5KBr, v (cm?): 2939, 2858/(CH,, CHs), 2237v(C=C), 1616
Amide 1., 1435 Amide II., 1268, 732. MS m/z (ret.jn 193 (16, M), 178 (2), 164 (11), 150 (100), 136 (10),
109 (16), 84 (22), 79 (20), 67 (7), 53 (15).

1-Morpholinohept-2-yn-1-on@509: Yield: 185 mg (95%); red oil; 5% EtOAc, 95% CHG) 0.64;64
(500 MHz, CDC}) 3.77-3.75 (2H, m), 3.72-3.70 (2H, m), 3.67-3.8#(m), 2.37 (2H, tJ= 7.1 Hz), 1.62-
1.55 (2H, m), 1.47-1.40 (2H, m), 0.93 (3HJ, 7.3 Hz).5¢ (125.7 MHz, CDGJ) 153.4, 94.2, 73.3, 66.9, 66.5,
47.2, 41.8, 29.8, 22.0, 18.6, 13.5. IR (KBr(cmi')): 2960, 2931, 286@(CH,, CHs), 2238v(C=C), 1623
Amide I., 1429, 1276, 1247, 115QC-O-C), 1010, 732. MS m/z (rel int.): 195 (35;)M180 (20), 166 (20),
152 (36), 109 (47), 86 (100), 56 (82)

Methyl hept-2-ynoylglycinatel56: Yield: 105 mg (53%); yellow oil; R(5% EtOAc, 95% CHG) 0.65;
Su (500 MHz, CDC4) 6.38 (1H, brs, M), 4.09 (2H, dJ= 5.1 Hz), 3.79 (3H, s, G} 2.33 (2H, tJ= 7.1 Hz),
1.59-1.53 (2H, m), 1.48-1.40 (2H, m), 0.93 (3HJ#,7.3 Hz).5¢c (125.7 MHz, CDGJ) 169.8, 153.5, 88.7,
74.9, 52.5, 41.3, 29.7, 21.9, 18.3, 13.5. IR (KBfcm)): 3301v(NH), 3054, 2958, 2874(CH,, CHs), 2233
v(C=C), 1757v(C=0 ester), 1653 Amide I., 1529 Amide II., 128212 v(C-O-C ester), 1008, 744. MS m/z
(rel int.): 197 (1, M), 182 (1), 168 (2), 155 (7), 138 (44), 109 (10®),(24), 66 (13), 52 (15).

Methyl hept-2-ynoyl-L-alaninatél5f): Yield: 182 mg (86%); yellow oil; R(5% EtOAc, 95% CHG)
0.75; 8y (500 MHz, CDC)) 6.41 (1H, brs, M), 4.67-4.59 (1H, m), 3.78 (3H, s, OgH2.33-2.30 (2H, m),
1.59-1.53 (2H, m), 1.45-1.42 (5H, m), 0.95-0.91 (3h CH). 5c (125.7 MHz, CDCJ) 172.9, 152.9, 88.2,
75.1, 52.6, 48.2, 29.7, 21.9, 18.3, 18.2, 13.5(KBr, v (cni?)): 3289v(NH), 3041, 2958, 2874(CH, CHb),
2237v(C=C), 1749v(C=0 ester), 1636 Amide 1., 1533 Amide Il., 145@71, 1213, 1162(C-O-C ester),
744. MS m/z (rel int.): 211 (1, M, 196 (1), 173 (23), 152 (90), 109 (100), 79 (FB,(18).

N-Methoxy-N-methylhept-2-ynamidE5j): Yield: 88 mg (52%); red oil; R(5% EtOAc, 95% CHG)
0.75;6¢ (125.7 MHz, CDGJ) 154.8, 93.7, 73.2, 62.0, 32.3, 29.8, 21.9, 18375.64 (500 MHz, CDC}) 3.78
(3H, s, -OCH), 3.24 (3H, brs, -NCH}, 2.42-2.39 (2H, m), 1.62-1.56 (2H, m), 1.49-1(2#, m), 0.96-0.92
(3H, m, CH). IR (KBr, v (cm%)): 2961, 2936, 2874(CH,, CHs), 2237v(C=C), 1644 Amide I., 1460, 1380
v(C-O-C), 724. MS m/z (rel int.): 169 (2, 154 (<1), 141 (1), 127 (6), 109 (100), 79 (&8,(14), 53 (30).

Ethyl (E)-3-(tert-butylamino)acrylat€l6): MS m/z (rel int.): 171 (M+, 65), 156 (11), 1497}, 126
(100), 98 (65), 56 (48).
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Captions

Scheme 1Synthesis of iodoalkyneg,(4, 6, 8and10) and bromoalkyne2() used as substrates in
further aminocarbonylations
Scheme ZReactions ofl0 under aminocarbonylation conditions (formatiorendmines accompanied

by deiodination)



