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Abstract lodoalkenes such as l-iodocyclohexenggrtbutyl-1-iodocyclohexeneq-
iodostyrene and 17-iodoandrost-16-ene were amiboogtated in palladium-
catalysed reaction using 1,1-disubstituted (cyclitlydrazines (3-amino-3-
azabicyclo[3.3.0]octane an&){1-amino-2-methoxymethylpyrrolidine (SAMPR)-1-
amino-2-methoxymethyl-pyrrolidine (RAMPgas N-nucleophiles.The corresponding
hydrazides were formed in moderate to high yieltlse hydrazinocarbonylation of
iodobenzene using the above 1,1-disubstituted kaytka resulted in a rather complex
reaction mixture due to two major types of sidectiems:i) the deamination of the 3-
amino-3-azabicyclo[3.3.0]octane, anjl the double carbon monoxide insertion. In
this way, In addition to the expected benzoylhyidiaz derivative,
phenylglyoxylhydrazide (double CO insertion produmd benzamide (‘deamination’
product) were also formed. By the appropriate maalifon of the reaction conditions,
good selectivities towards the target compoundsveehieved even in these cases.
The formation of the products/side-products wergomalised on the basis of a

simplified catalytic cycle.
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1. Introduction

The widely usedpalladium-catalysed amino- and alkoxycarbonylatieactionsof aryl halides are
based on the seminal work of Heekal It was discovered that aryl halides, especiatly Bromides and
iodides undergo carbonylation reaction in the preseof primary/secondary amines and alcohols uséd a
and O-nucleophiles, respectivelyThe synthetic importance of these reactions haenhllustrated by the
variation in structure of both the substrate andleaphile?® These carbonylations are among the most
important homogeneous catalytic reactions of syithenportanceand have found use iindustrial
applications’®

Soon after the discovery of aminocarbonylation a@bhromatics, their synthetic analoguies, iodo-
and bromoalkenes as well as the corresponding teflate surrogates have also been synthesized and
transferred to the correspondiag-unsaturated carboxamides in palladium-catalyseid@rarbonylations:®

The synthesis of unsubstituted hydrazides is agstifarward methodology for aromatics, however
quite difficult for a,B-unsaturated hydrazides which usually undergo uretesMichael-type cyclization.
Although the nucleophilic properties of alkyl- aad/l-hydrazine derivatives as well as the imporéaattheir
hydrazides are well knowf,their synthesis via the corresponding ester nepdsial reaction conditions, for
instance, the application of organoaluminium reégjen

Although transition metatatalysed reactions could provide efficient solusi for the synthesis of
carboxylic acid derivatives such as amides, esserisydridesetc. from their building blocks, there are only a
very few examples for the application of substiduteydrazines afN-nucleophiles in palladium-catalysed
carbonylations. Steroidal hydrazides were prepardydrazinocarbonylation and used for further rahgsure
reactions>** Diiodoaromatics were reacted with hydrazines urdgarbon monoxide atmosphere leading to
tetrahydrophthalazine derivativEsSulfonylhydrazidesaminosulfonamides) were synthesised in palladium-
catalysed reactions using (§9DABCO adduct as sulfur dioxide source and the esponding 1,1-
disusbstituted hydraziné$.

As a part of our systematic investigations regaydstructure—reactivity and structure—selectivity
relationships in palladium-catalysed carbonylatisractions, the above 1,1-disubstituted hydrazines o
practical interesf*® were used. It is worth noting that the iodoalkéased aminocarbonylation reaction,
describedbelow provideda facile methodology even for the otherwise haralgilable a,3-unsaturated

hydrazides.



2. Results and discussion
2.1. Aminocarbonylation of iodoalkenes in the pneseof 3-amino-3-azabicyclo[3.3.0]octane and SAMP /
RAMPas cyclic (1,1-substituted) hydrazines

1-lodocyclohexenelj), 4tert-butyl-1-iodocyclohexene?), a-iodostyrene §) and 17-iodoandrost-16-ene
(4) were aminocarbonylated in the presence of palfadicatalysts formedn situ by the reaction of
palladium(ll) acetate and triphenylphosphifié* Two 1,1-disubstituted (cyclic) hydrazines, suct8asmino-
3-azabicyclo[3.3.0]octanea) and §)-1-amino-2-methoxymethylpyrrolidine (SAMHA)) / (R)-1-amino-2-
methoxymethylpyrrolidine (RAMR;) (Scheme Jlwere used al-nucleophiles in DMF.

h'
O N
1a—4a
Pd(OAC)2 / PPh3
1_4 OMe OMe
b, c O N
! %j% N
HZN/N
1b—-4b, 1c-4c

Scheme 1Hydrazinocarbonylation of iodoalkenels4) in the presence of 3-amino-3-
azabicyclo[3.3.0]octana) and SAMP k) or RAMP () asN-nucleophile

The aminocarbonylation of iodoalkends4) with a resulted in the high-yielding formation of thef3-
unsaturated hydrazide producta{4g in all casesTable ). The reaction is highly chemoselective, no furthe
products could be detected. The increase in cammmroxide pressure had no influence on the selégtiviat
is, no double carbon monoxide insertion leading2tketocarboxamides took placenfries 3 and b
Practicallycomplete conversion was obtained in all caseshiredabling facile isolation of the target products
The high reactivity of iodoalkenesld-4g towards nucleophilea can be illustrated by the
hydrazinocarbonylation ot providing conversion of 2%, 10%, 51% and 98% i& B, 1 h, 2 h and 4h,
respectively.

All products were isolatech high analytical purity (>98%) from reaction mixtures @vhthe substrates
were practically fully convertedi@ble 1).Good to excellent yields were obtained and thgetacompounds

were fully characterisedsgeExperimentg).



Table 1 Palladium-catalysed hydrazinocarbonylation obaldenes1-4) in the presence of 3-amino-3-

azabicyclo[3.3.0]octane) @

entry  Substrate p(CO) Isolated yield [%]

[bar] (compound)
1 1 1 83 (1a)
2 2 1 69 (2a)
3 2 40 79 (29)
4 3 1 54 3a)
5 3 40 64 (3a)
6 4 1 53 4a)

a) Reaction conditions (unless otherwise stated): Iohohsubstratel-4); 1.2mmol of a; 0.025 mmol of
Pd(OAc); 0.05 mmol of PP§ 0.5 mL of triethylaming10 mLof DMF,50°C; 4 h.

Similarly, carboxamideslb-4b or 1c-4c were obtained exclusively when the above iodoaken
substrates]—4 were reacted witlh (or ¢) under atmospheric carbon monoxide presstiablé 3. As above,
the reaction was practically complete in 4 h rasglin good to excellent isolated yields. As foe $ubstrates,
the only exception wa3. In spite of the full conversion and good chemestlity, the isolation in high yields
was unsuccessful.

When SAMP (or RAMP)j.e., the enantiomerically pure hydrazine derivativeeswsed, a 1/1 mixture
of two diastereoisomers was formed in the hydrazanmonylation of the chiral substré&eapplied always as a
racemic mixtureOn the other hand, the diastereoselectivity ofHixdrazinocarbonylation was investigated
using R/9-1-amino-2-methoxymethylpyrrolidine as racemdik£1/1). No diastereoselection was observed,
that is,ca. a 1/1 mixture of the two diastereocisometa/4b) were obtained in the presence of 2.2 equivalents

of racemic 1-amino-2-methoxymethylpyrrolidine ahds a substratd éble 3.



Table 2 Hydrazinocarbonylation of iodoalkends+4) in the presence of[-1-amino-2-

methoxymethylpyrroplidine (SAMR)) / (R)-1-amino-2-methoxymethylpyrrolidine (RAME) @

entry substratenucleophile Isolated yield [%]

(compound)

1 1 c 88 (10

2 1 b 80 (Lb)

3 2 c 98 20

4 2 b 88 (2b)

5 3 c 40 @o)

6 3 b 39 Bb)

7 4 c 99 @do

8 4 b 84 @b)
9" 4 blc 88 (4b/4c)®

a) Reaction conditions: 1 mmol of substrate4); 0.025 mmol of Pd(OAg) 0.05 mmol of PPH 1.2
mmol of N-nucleophile ¥ orc); 0.5 mL of triethylamine10 mL of DMF, 50°C; p(CO)=1 bar, 4 h.

b) 2.2 mmol of racemib/c was used.

c) The two epimers were obtained in a raticafl/1.

2.2 Hydrazinocarbonylation of iodobenzene in thespnce of 3-amino-3-azabicyclo[3.3.0]octaaee cyclic
(1,1-disubstituted) hydrazine

As a comparison to iodoalkenes, the aminocarbaoylatf iodobenzene5f was carried out under similar
conditions §cheme R The detailed analysis of the reaction mixtumesealed thab is much less reactive than
1-4 in palladium-catalysed hydrazinocarbonylation andieneral, rather complex mixtures can be obtained
In addition to the expected products, benzoic lgideaba) and phenylglyoxylic hydrazidesé) formed via
mono and double carbon monoxide insertion, resgaygtifurther types of side-products were idendifi€irst,
due to the relatively low reactivity of the substrand the long reaction times, tHgN-dimethylbenzamide7|

and N,N-dimethylphenylglyoxylamide 8) were formed. Second, deamination of nucleophilgielded the
formation of two additional carboxamide and 2-ketboxamide-type product® (and 10, respectively)

containing the 3-azabicyclo[3.3.0]octane moietyyonl
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Scheme ZHydrazinocarbonylation of iodobenzert®, @-tert-butyliodobenzen€ll) and 4-

(trifluoromethyl)-iodobenzenel) in the presence of 3-amino-3-azabicyclo[3.3.Goet&) asN-nucleophile

The formation ofN,N-dimethylcarboxamide7) andN,N-dimethylglyoxylamide &) derivative in the presence
of DMF is known in carbonylations. That is, thevasit (DMF) served also as a source of amino oracadyl
moieties. A similar side-reaction has been obsemeamntly using supported palladium catalysts ie th
carbonylation of iodobenzeri& Furthermore, the various roles of DMF as a reagenbng them as a source
of CO, NMe, CONMe have also been reviewéd.

However, the loss of the amino group in hydrazimboaylations, to the best of our knowledge, is
unprecedented. In these caseserved as a precursor of a pyrrolidine type nystide whose application
might result in carboxamide compoun@®s 15, 21) and 2-ketocarboxamide compound§, (16, 22) in mono-
and double carbon monoxide insertion, respectively.

The use of Pd/PRHin situ’ catalyst resulted in a complex reactimixture (Table 3, entry 1 The benzoyl
hydrazide $a) can be obtained as major product at higher teatyper éntry 2. Similar yields of5a and
higher reactivity was observed usirgntphosas ligand €ntry 4. The deamination o and the acylation of
the N-nucleophile formed took place in high extertoluene Table 3, entry B

Two further iodobenzenes containing electron rétgas(4tert-butyliodobenzene,11) and electron-
withdrawing groups (4-(trifluoromethyl)iodobenzen&) were also tested as a substratable 3, entry 5 and
6). Using 17 as a substrate the carboxamide side-prodd&s2() were obtained in small amount and the
corresponding hydrazidE7a was isolated as a target compound. (Prodi@&s 20 and22, whose analogues
were obtained as minor products with subst&teere not formed even in traces.) Howevdrshowed low

reactivity and the product composition was alsbeatifferent: carboxamidedd 15) were obtained in large



amount while the target hydrazidElf) was formed in 29% only, regarding the convertdosgrate. (Products
12aand16, whose analogues were obtained with subskateere not formed even in traces.)

The carbonylation reactions carried out under 40 ®@ pressure resulted in the preferred formatibn o
phenylglyoxylhydrazide@a) formed via double carbonylatioer{ries 7-9 while hydrazideba is also present
in the reaction mixtures. Higher amount of the ¢afgydrazide §a) and ketohydrazidesé) were obtained at
higher temperature®iitry §. Surprisingly, the decarbonylation & to 5a was observed in elevated reaction
times entry 9.

It is worth noting that the formation of a tetrahypyridazine derivative23d) (Scheme Bpossessing the 3,4-
diazabicyclo[4.3,0]non-2-ene framewbtkvas also observed under 40 bar of @@ty §. The formation of

the diaza-nucleophile can be explained by the d¢ixidaf a with the iodoamine formenh situ (SeeScheme 4,

+NHpl  HS N Phi,CO
HoN—N — >
- NH,l N\ [Pd]

a

cycle-C).

Scheme 3Formation of the ring expansion product (tetrabpgridazine derivative) used as nucleophile

The formation of the above products can be ratinedl by simplified catalytic cyclesS€heme ¥ The
oxidative addition of the iodoaromatic substrafg ¢nto palladium(0) complex, the activation of carb
monoxide and its insertion into the Pd-aryl bonduteed in the formation of the acyl compleR)( The
coordination of the hydrazine derivative and thasazutive loss of hydrogen iodide gave the palladiy-
amido-acyl complex E) which undergoes reductive elimination leadingptdladium(0) complex an&a
(cycle-A).

The amido-acyl complex is apt to coordinate second’ carbon monoxide, which is inserted into the
palladium(ll)-amide bond resulting in the acyl-camwoyl-palladium(ll) specie<s). The reductive elimination
provided the double carbonylation produgd)((cycle-B).

It can be supposed that the acyl-iodo comp&xi¢ able to coordinate the hydrazi@@ Yia more nucleophilic
(however, sterically more hindereding-nitrogen’ donor yielding compleXd. The loss of the amino group
takes place probably in this step forming amidd-aoynplex () which provide via reductive elimination
(cycle-C). (A further cycle rationalizing the fortran of 10 is omitted for clarity. As above, carbon monoxide
insertion into palladium(ll)-N bond of compléxeads to the corresponding carbamoyl complex whiajht

be responsible for the formation of the phenylgijoyl hydrazidelO.)



Table 3 Palladium-catalysed hydrazinocarbonylation obleehzenesy 11, 17 in the presence of 3-amino-

3-azabicyclo[3.3.0]octane)®

entry Substr. p(CO) Temp. Conv. Ratio of the reaction produét§%]
[bar]  [)C] [%] 53 6a 7 8 9 10
1 5 1 50 45 18 3 16 0 59 4
2 5 1 70 76 67 0 16 5 12 0
3% 5 1 70 >98 7 0 0 0 93 0
49 5 1 50 >98 65 0 11 13 11 0
5 11 1 70 49 29 0 41 7 23 0
(118 (129 (13 (149 (@15 (@19
6 17 1 70 92 83 0 9 0 8 0
(178 (183 (199 (200 (21 (22
79 5 40 50 88 14 31 9 9 10 10
8 5 40 70 >08 48 45 3 0 4 0
9" 5 40 70 >98 75 17 0 0 8 0

a) Reaction conditions (unless otherwise stated): Iohohsubstrate5or 11 or 17); 1.2 mol ofa; 0.025
mmol of Pd(OAc); 0.05 mmol of PP4 0.5 mL of triethylamine; solvent: 10 mL of DMFaction time:
24 h. (The selective formation of a given produatacned by the modification of the reaction coratis is
indicated by underlined numbers.)

b) Determined by GC-MS. (In case of substrdiésind17 the corresponding productkl@g-16 and17a-22,
respectively) are indicated in the table.)

c) 10 mL of toluene as solvent.

d) Pd/xantphos catalyst

e) 17% of tetrahydropyridazine side produ2B)was formed.

f) Reaction time: 48 h.



A LPd
cycle-A Ar
CcO
B

Ar

Scheme 4Simplified catalytic cycles leading to productsni@d in hydrazinocarbonylation of

iodobenzeneq) in the presence of 3-amino-3-azabicyclo[3.3.Gjoet

Conclusions

lodoalkenes underwent palladium-catalysed hydra&armonylation using 1,1-disubstituted (cyclic)
hydrazines (3-amino-3-azabicyclo[3.3.0]octane &jellfamino-2-methoxymethylpyrrolidine (SAMPRY-1-
amino-2-methoxymethyl-pyrrolidine (RAMP) aN-nucleophiles. The reaction proved to be completely
chemoselective and the unsaturated hydrazides isel&ed in moderate to high yields. However, when
iodobenzene was used as substrate, the hydrazioogdetion was accompanied by side reactions ssch a
deamination of the nucleophile followed by aminbcaylation with the pyperidine derivative, and

aminocarbonylation with DMF as amine source.
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3. 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 shiisire reported in ppm relative to CHEY.26 and 77.00 ppm fdH
and *°C, respectively). Elemental analyses were measomned 1108 Carlo Erba apparatus. Samples of the
catalytic reactions were analysed with a HewlettkBed 5830A gas chromatograph fitted with a capilla
column coated with OV-1 (internal standard: naplethe; injector temp. 258C; oven: starting temp. 5
(hold-time 1 min), heating rate P&min™, final temp. 320°C (hold-time 11 min); detector temp. 280;
carrier gas: helium (rate: 1 nmhin™)). Samples of the catalytic reactions were andlysith an MS (Agilent
LC/MSD Trap XCT Plus) (electrospray ionizer, eluemiethanol (0.2 v/v% acetic acid)). The FT-IR spect
were taken in KBr pellets using an IMPACT 400 spamutieter (Nicolet) applying a DTGS detector in the
region of 4004000 cnt', the resolution was 4 ¢l The amount of the samples wes 0.5 mg.

1-lodocyclohexerfé (1), 4-tert-butylcyclohexen® (2), 1 -iodostyrené® (3) and 17-iodoandrost-16-etle
(4) were synthesised by the modified Barton-procedtf&lodobenzene and the amine nucleophiles were
purchased from Sigma-Aldrich and were used witliodher purification.

The synthesis of compounds® '8, 133%**14** and19*° have already been described. The analytical
data obtained in our laboratory correspovall with those published. For the minor produd§, (L5, 21) MS

data are given only, since the isolation in anadyty pure form was unsuccessful.

3.2. Hydrazinocarbonylation (aminocarbonylation) aidobenzene 5] in the presence of 3-amino-3-
azabicyclo[3.3.0]octanéa) under high carbon monoxide pressure

In a typical experiment Pd(OAc)5.6 mg, 0.025 mmol), triphenylphosphine (13.2 fag)5 mmol),
iodoalkene 1-4) (1 mmol), 1,1-disubstituted hydrazire, © or ¢) (1.2 mmol) and triethylamine (0.5 ml) were
dissolved in DMF (10 mL) under argon in a 100 mltoalave. The autoclave was pressurized to the given
pressure by carbon monoxide. (Caution: High pressarbon monoxide should only be used with adequate
ventillation (hood) using CO sensors as wélhe reaction was conducted for the given reactio® wpon
stirring at 50°C and analyzed by GC and GC-MS. The mixture was ttercentrated and evaporated to
dryness. The residue was dissolved in chloroforth ) and washed with water (3x20 mL). The organic
phase was dried over p&0O,, filtered and evaporated to a crystalline mateoialto a waxy residue. All
compounds were subjected to column chromatograpByicdgel 60 (Merck), 0.063.200 mm),
MeOH/EtOACc/CHC} (the exact ratios are specified@maracterization(3.4) for each compound).

3.3. Hydrazinocarbonylation (aminocarbonylation) mfdoalkenes 1—4) in the presence of 3-amino-3-

azabicyclo[3.3.0]octanéa) under atmospheric carbon monoxide pressure

11



In a typical experiment Pd(OAg) triphenylphosphine, iodoalkene, hydrazine nudhidep and
triethylamine were dissolved in DMF (for the quanof the reagentSee Section 3)2inder argon in a 100
mL three-necked flask equipped with a gas inldhyxecondenser with a balloon (filled with argort)the top.

The atmosphere was changed to carbon monoxidereHation was conducted for 4 h upon stirring alG0
and analysed by GC and GC-MS. The mixture was toeicentrated and evaporated to dryness and worked-

up as described i8ection 3.2

3.4. Characterization of the products

N-(3-azabicyclo[3.3.0]octane-3-yl)cyclohex-1-endmatamide 1a). Yield: 193.9 mg (83%), pale
yellow needlessublimation point 116117 °C; [Found: C, 71.55; H, 9.51; N, 11.69;>,N,O requires C,
71.76; H, 9.46; N, 11.95%];:R3% MeOH, 97% CHG) 0.62;54 (500 MHz, CDC}) 6.54 (LH, br 5 =CH),
6.25 (LH, br s NH), 3.29 2H, br s, NCHedHa), 2.67 @H, br s CH(Cp)), 2.36 ZH, br § NCHaHe), 2.24 @H,
br s,CHy), 2.13-2.17 @H, m, CHy), 1.56-1.70 8H, m 4xCH), 1.49 QH, br 5 CH); 5¢ (125.7 MHz, CDGJ)
167.0, 133.1, 132.8, 62.6, 40.5, 32.2, 25.5, 25434, 22.1, 21.6. IR (KBv (cni?)) 3223 (NH), 1657 (CON);
MS m/z (rel int.): 234 (8, N), 190 (6), 125 (17), 110 (100), 81 (26), 79 (29).

4-(tert-butyl)-N-(3-azabicyclo[3.3.0]octane-3-ylghex-1-enecarboxamide2d). Yield: 229.1 mg
(79%), yellow solid, sublimation point 12122 °C; [Found: C, 74.35; H, 10.21; N, 9.493530,N.O requires
C, 74.44; H, 10.41; N, 9.64%];:R10% EtOAc, 90% CHG) 0.34; 6y (500 MHz, CDC4) 6.56 (LH, br s
=CH), 6.29 (H, br s NH), 3.29 @H, br § NCHeHa), 2.67 @H, br 5 CH), 2.342.46 @H, m, NCHaHeq and
3-CHeHay), 2.122.23 QH, m 3-CHaHeq and 6-GHeHay), 1.86-1.94 QH, m, 5-CHeHax and 6-GHaxHeo),
1.45-1.96 GH, m CH,), 1.27 ((H, m, 4-CH), 1.16 {H, qd 12.2, 4.9 Hz, 5-Ba,Hey); ¢ (125.7 MHz, CDGJ)
166.8, 133.7, 132.6, 62.6, 43.4, 40.5, 32.2, 32711, 27.0, 25.9, 25.5, 23.6. IR (KBr(cm'l)) 3220 (N-H),
1658 (CON); MS m/z (rel int.): 290 (<1; 1)) 275 (2), 246 (6), 165 (3), 125 (23), 110 (1&1),(27), 57 (17).

N-(3-azabicyclo[3.3.0]octane-3-yl)atropic carboxatei@a). Yield: 163.8 mg (64%), orange solid, mp
94-95 °C; [Found: C, 74.74; H, 7.71; N, 10.69;8,0N,O requires C, 74.97; H, 7.86; N, 10.93%};(R0%
EtOAc, 80% CHGCYJ) 0.45;8 (500 MHz, CDCJ) 7.40 pr s, 5H CH(Ph)), 6.27 {H, s,NHCO), 6.09 {H, d,
0.9 Hz, =CH), 5.651H, d, 0.9 Hz, =CH), 3.28H, t, 8.2 Hz, N®eHay), 2.68 @H, br 5 CH), 2.36 2H, dd
8.2, 6.1 Hz, NClaHeg), 1.45-1.67 §H, m, CH,); oc (125.7 MHz, CD{) 165.6, 143.9, 136.7, 128.7, 128.6,
127.9, 121.9, 62.4, 40.5, 32.2, 25.5. IR (KBftm')) 3233 (N-H), 1654 (CON); MS m/z (rel int.): 258)(
240 (7), 211 (16), 183 (6), 146 (23), 125 (47), (88), 103 (100), 81 (47), 77 (43), 67 (10), 53)(HL (9).
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N-(3-azabicyclo[3.3.0]octane-3-yl)androst-16-en-darboxamide 4a). Yield: 218.6 mg (53%), white
crystal, mp 9394 °C; [Found: C, 78.79; H, 10.15; N, 6.59;/€,,N,O requires C, 78.97; H, 10.31; N,
6.82%]; R (2% MeOH, 98% CHG) 0.55;84 (500 MHz, CDC}) 6.28 (LH, br 5 =CH), 6.20 {H, 5 NHCO),
3.22 @H, br 5 NCHeHay), 2.65 @H, br s CH), 2.44 PH, br 5 NCHaHeg), 2.19 (LH, ddd 16.2, 5.8, 2.8 Hz,
15- CHeHax), 0.75-2.00 Z7H, m androstane skeleton protons and 3¥CH.99 GH, s 18-CH), 0.83 GH, s
19-CH); oc (125.7 MHz, CD() 164.4, 149.8, 135.4, 62.5, 56.8, 55.2, 47.3, 4808, 38.5, 36.5, 35.0, 33.9,
32.4,32.0,31.7, 29.1, 28.9, 26.8, 25.7, 22.27,216.6, 12.2. IR (KBv (cm)) 3279 (N-H), 1646 (CON). MS
m/z: 411 (MH), 433 (MN4), 449 (MK"); MS? (tandem MS) of MHI (m/z (rel. int.): 257 (67), 153 (100).

(R)-N-(2-(methoxymethyl)pyrrolidin-1-yl)cyclohexede carboxamidel€). Yield: 210.2 mg (88%);
pale yellow needle crystal, mp-923 °C; [Found: C, 65.33; H, 9.55; N, 11.52:3,,N,O, requires C, 65.52;
H, 9.30; N, 11.75%)]; R(3% MeOH, 97% CHG) 0.53;5 (500 MHz, CDC}) 6.77 (LH, br s NH), 6.57 (H,
br s =CH), 3.48 {H, dd 9.5, 5.2 Hz, O8l.Hy), 3.43 (H, dd 9.5, 5.2 Hz, OCHHy), 3.35 BH, 5 OCHp), 3.32
(1H, df, 8.5, 5.5 Hz, NEleqHay), 3.15 (H, tt, 7.8, 5.2 Hz, NCH), 2.911{, ¢, 8.5 Hz, NGaHeq), 2.24 @H, br
s, CH), 2.14-2.18 @H, m CHy), 2.04 (H, dq 12.7, 7.8 Hz, 3-BeHay), 1.84-1.90 @H, m 4-CHp), 1.59-
1.71 6H, m, 2xCH, and 3-GHaHeq); 6c (125.7 MHz, CDG) 167.6, 133.2, 132.9, 75.3, 64.0, 59.2, 55.2,,26.6
25.3, 24.3, 22.1, 21.5, 21.4. IR (KBr(cm®)) 3217 (NH), 1658 (CON); MS m/z (rel int.): 238IM"), 206
(5), 193 (100), 129 (5), 114 (47), 109 (23), 97)(3B (15), 81 (19).

4-(tert-butyl)-N-((R)-2-(methoxymethyl)pyrrolidinyl)cyclohex-1-ene carboxamid@c (isolated as a
ca. 50/50 mixture of two rotamers). Yield: 288.7 m@¥8), yellow viscoumil; [Found: C, 69.47; H, 10.43; N,
9.30; G7H30N20; requires C, 69.35; H, 10.27; N, 9.51%]}; 8% MeOH, 97% CHG) 0.52;54 (500 MHz,
CDCl) 6.78 (LH, brs, NH), 6.59 {H, dd 5.2, 2.4 Hz, =CH), 3.48lH, dd 9.5, 5.3 Hz, O8,Hy), 3.43 (H,
dd, 9.5, 5.3 Hz, OCHHp), 3.36 BH, 5 OCHp), 3.32 (LH, dq 8.2, 5.8 Hz, NEleHay), 3.16 (H, tt, 7.6, 5.3 Hz,
NCH), 2.92 (H, qi, 8.2 Hz, NGaHeq), 2.43 ((H, M, CHegHay, 2.13-2.25 @H, m, CHy), 2.04 (LH, dqg 12.8,
7.6 Hz, GeHay), 1.82-1.95 ¢H, m 2xCHy), 1.66 (LH, dq 12.8, 7.6 Hz, ElaHeg, 1.28 (LH, tdd 11.8, 4.6,
1.8 Hz, CH), 1.17 {H, qd 12.2, 4.9 Hz, EaHeg), 0.90 OH, 5 CHy); ¢ (125.7 MHz, CDG)) 167.4,
133.8/133.7 (rotamers), 132.6/132.5 (rotamers)3,764.0/63.9 (rotamers), 59.2, 55.2/55.1 (rotamet3)M,
32.1, 27.1, 27.0, 26.6/26.5 (rotamers), 25.8, 28165. IR (KBrv (cml)) 3236 (N-H), 1663 (CON); MS m/z
(rel int.): 294 (1>, M), 279 (4), 263 (4), 249 (100), 182 (7), 165 (29113), 114 (56), 57 (12).

(R)-N-(2-(methoxymethyl)pyrrolidin-1-yl)atropic dsrxamide 3c). Yield: 57.2 mg (22%), yellow
viscousoil; [Found: C, 69.33; H, 7.80; N, 10.58;6,0N.O, requires C, 69.20; H, 7.74; N, 10.76%}; (B%
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MeOH, 95% CHGJ) 0.65;8, (500 MHz, CDCY) 7.44-7.36 E6H, m, Ph), 6.84 {H, s NHCO), 6.09 {H, d,1.2
Hz, =CH), 5.64 {H, d 1.2 Hz, =CH), 3.491H, dd 9.6, 5.6 Hz, O8.Hy), 3.43 (LH, dd 9.6, 4.6 Hz,
OCH,Hp), 3.32 (lH, m NCHeHay), 3.31 BH, 5 OCHs), 3.16 ((H, m NCH), 2.91 {H, g 8.4 Hz, NGaHeo),
2.01 (1H, m CHeHa), 1.87 @H, m, CHy), 1.65 (LH, m CHaHeg); dc (125.7 MHz, CDCJ) 166.1, 144.0,
136.7, 128.6, 128.5, 127.9, 121.7, 75.3, 63.8,,58511, 26.4, 21.4. IR (KByv (Cm'l)) 3236 (N-H), 1670
(CON); MS m/z (rel int.): 260 (1, ), 215 (100), 187 (13), 158 (3), 129 (10), 120 &4 (6), 103 (48), 97
(13), 77 (25).

N-((R)-2-(methoxymethyl)pyrrolidin-1-yl)androst-&6-17-carboxamide4€). Yield: 408.7 mg (99%),
light yellow solid, mp 7879 °C; [Found: C, 75.45; H, 10.34; N, 6.50;64.N.O, requires C, 75.32; H,
10.21; N, 6.76%]; R(5% MeOH, 95% CHG) 0.69;8, (500 MHz, CDC}) 6.74 (LH, br s NH), 6.33 (H, br
s, =CH), 3.48 (H, dd 9.6, 5.3 Hz, O8,Hy), 3.44 (LH, dd 9.6, 5.3 Hz, OCKHy), 3.36 BH, 5 OCHg), 3.32
(1H, dt 8.4, 5.6 Hz, 24-BcHay), 3.20 (LH, tt, 7.6, 5.3 Hz, 21-CH), 2.96.(, ¢ 8.3 Hz, 24-ClaHeg), 2.20
(1H, ddd 16.3, 6.6, 3.1 Hz, 15#Hay), 0.76-2.14 @5H, m androstane skeleton protons and 2xCH.00
(3H, s 18-CH), 0.84 (3H, s, 19-C¥J; oc (125.7 MHz, CD() 165.0, 149.8, 135.7, 75.4, 63.6, 59.2, 56.9,
55.2,55.1, 47.3, 46.7, 38.5, 36.5, 35.0, 33.9,321.6, 29.0, 28.9, 26.8, 26.6, 22.1, 21.5, 20675, 12.2. IR
(KBr v (cm®)) 3257 (NH), 1654 (CON); MS m/z (rel int.): 414, (@"), 399 (3), 383 (2), 369 (100), 302 (4),
285 (3), 257 (2), 207 (8), 129 (8), 114 (35).

N-((S)-2-(methoxymethyl)pyrrolidin-1-yl)androst-&6-17-carboxamide4b). Yield: 348.5 mg (84%),
yellow solid, mp 118119 °C; [Found: C, 75.54; H, 10.38; N, 6.524d4,N,O, requires C, 75.32; H, 10.21;
N, 6.76%];R (5% MeOH, 95% CHG) 0.69;5y (500 MHz, CDC}) 6.75 (LH, br s NH), 6.32 (H, br 5§ =CH),
3.48 (LH, dd 9.5, 5.5 Hz, O8,Hp), 3.42 (LH, dd 9.5, 5.5 Hz, OCHHy), 3.36 GBH, 5 OCHs), 3.30 ( ,
8.5, 5.5 Hz, 24-BleHay), 3.22 (H, tt, 7.6, 5.5 Hz, 21-CH), 2.97.€, ¢ 8.5 Hz, 24-ClaHeg), 2.20 (H, ddd
16.3, 6.4, 3.2 Hz, 154€.Hay), 0.75-2.13 @5H, m androstane skeleton protons and 2xCH.00 GH, s 18-
CHs), 0.83 @H, 5 19-CH); 6c (125.7 MHz, CDGJ) 165.1, 149.8, 135.7, 75.3, 63.6, 59.1, 56.8, 55520,
47.3, 46.8, 38.5, 36.5, 35.0, 33.8, 32.0, 31.6),288.9, 26.8, 26.6, 22.1, 21.6, 20.7, 16.6, IRZKBr v (cm
1) 3245 (N-H), 1649 (br s, CON); MS m/z (rel inét4 (1, M), 399 (4), 369 (100), 281 (6), 207 (7), 129 (7),
114 (47).

N-(3-azabicyclo[3.3.0]octane-3-yl)benzamida); Yield: 65.6 mg (28%)¢olorless needlgsublimation
point 118-119 °C; [Found: C, 73.18; H, 7.97; N, 12.0%#:sN,O requires C, 73.01; H, 7.88; N, 12.16%]; R
(10% EtOAc, 90% CHG) 0.28;8y (500 MHz, CDCY) 7.75 @H, d, 7.6 Hz, Huno(Ph)), 7.51 {H, t, 7.3 Hz,
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Hpara(Ph)), 7.43 2H, t, 7.6 Hz, HhedPh)), 6.72 {H, br s NH), 3.38 @H, t, 7.8 Hz, N®edHay), 2.73 @H, br s
CH), 2.49 PH, dd 7.8, 6.1 Hz, NElyHeg), 1.50-1.74 6H, m, CHy); dc (125.7 MHz, CD() 166.0, 133.9,
131.5, 128.6, 127.0, 62.7, 40.5, 32.2, 25.6. IRr(KBcm%)) 3212 (NH), 1643 (CON); MS m/z (rel int.): 230
(<1, M), 125 (40), 110 (100), 105 (42), 81 (50), 77 (58)(20).
N-(3-azabicyclo[3.3.0]octane-3-yl)phenylglyoxylamid6a). Yield: 32.7 mg (13%), white crystal,
sublimation point 125126 °C; R 0.53 (20% EtOAc, 80% CHg)t (ca. 1/2 mixture of two C(O)N rotamers)
n (500 MHz, CDC¥) 8.33/7.95 (minor/major)2H, d, 7.3 Hz, Huno(Ph)), 7.64 {H, t, 7.3 Hz, Has(Ph)),
7.53/7.49 (major/minor)2H, t, 7.9/7.6 Hz, He{Ph)), 7.34 {H, br s NH), 3.28/2.73 (minor/majorP{, t, 8.1
Hz, NCHeHax), 2.73/2.35 (minor/major)2(H, br s CH), 2.58/2.53 (major/minor2H, d/dd 8.2/8.5, 5.5 Hz,
NCHaHeg), 1.50-1.74 (minor)GH, m CH), 1.50-1.61 (major)2H, m CH,), 1.19-1.35 (major)2H, m,
CHy), 0.90 (major) ZH, br s CH); 6c (125.7 MHz, CDG) 191.5/188.2 (major/minor), 169.5/159.7
(major/minor), 134.5/133.9 (minor/major), 133.3,113128.7 (minor/major), 128.6/128.5 (major/minor),
62.5/62.4 (major/minor), 40.5/40.2 (minor/major3.%32.3 (major/minor), 26.2/25.7 (major/minor). (RBr
v (cmb)) 3248 (NH), 1695 (CO), 1686 (CO), 1677 (CON), BGEON); MS m/z (rel int.): 258 (<2, W, 185
(11), 125 (100), 110 (89), 105 (83), 81 (76), 75)(B7 (17), 51 (35).
N-(3-azabicyclo[3.3.0]octane-3-yl)-4-(tert-butylimamide {1a). Yield: 56.1 mg (20%), yellow viscous
oil; [Found: C, 75.55; H, 9.02; N, 9.60;4E,6N.0 requires C, 75.48; H, 9.15; N, 9.78%}; 0% EtOAc,
90% CHC}) 0.39;54 (500 MHz, CDC}) 7.69 @H, d, 8.2 Hz, Huno(Ph)), 7.44 2H, d, 8.2 Hz, Hhe{Ph)), 6.80
(1H, br s NH), 3.35 2H, t, 7.6 Hz, N®egHay), 2.71 @H, br s CH), 2.49 PH, 1, 7.6 Hz, NGaHeo), 1.48-1.74
(6H, m CH), 1.34 QH, s CHg); oc (125.7 MHz, CDGJ) 165.9, 155.0, 131.0, 126.8, 125.5, 62.6, 40.9),34
32.2, 31.2, 25.6. IR (KBv (cmY) 3249 (NH), 1651 (CON); MS m/z (rel int.): 2861(<M"), 242 (7), 162
(30), 161 (30), 125 (22), 110 (100), 81 (22).
N-(3-azabicyclo[3.3.0]octane-3-yl)-4-(trifluoromegthbenzamide 17a). Yield: 175.4 mg (59%),
colorless needlgsublimation point 1234122 °C; [Found: C, 60.25; H, 5.90; N, 9.22;:8,/N,O,F3; requires
C, 60.40; H, 5.74; N, 9.39%];{R2% MeOH, 98% CHG) 0.50;dy (500 MHz, CDC4) 7.86 @H, d, 7.9 Hz,
Hortho(Ph)), 7.70 ZH, d, 7.9 Hz, KweiPh)), 6.70 {H, br s NH), 3.37 2H, t, 7.6 Hz, NGHeHay), 2.74 @H, br
s, CH), 2.52 PH, br § NCHaHeq), 1.50-1.74&H, m, CHy); 5¢c (125.7 MHz, CDGJ) 164.8, 137.3, 133.1 (q,
32.7Hz, 4-C(Ph)), 127.6, 125.5, 123.7 (q, 272.5E&), 62.4, 40.5, 32.2, 25.5¢ (470.4 MHz, CDG)) -63.0
(s, CR). IR (KBrv (cm?)) 3209 (NH), 1650 (CON), 13304 CFR), 1127 {s, CF); MS m/z (rel int.): 298 (2,
M%), 279 (2), 190 (5), 173 (35), 145 (54), 125 (1aa)) (96), 81 (88), 69 (23).
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3-benzoyl-3-azabicyclo[3.3.0]octan8)( Yield: 49.3 mg (23%), yellow viscousil; Rs (20% EtOAc,
80% CHC}) 0.38;64 (500 MHz, CDC}) 7.38-7.49 EH, m Ph, 3.87 TH, t, 8.9 Hz, N®eHa), 3.62 (LH, 1,
8.9 Hz, NCHeHay), 3.52 (LH, d 8.5 Hz, NGHaHeq), 3.21 ((H, d 8.5 Hz, NGHaHeg), 2.72 (LH, br s CH), 2.65
(1H, br s CH), 1.36-1.90 G6H, m CH); oc (125.7 MHz, CD() 169.5, 137.3, 129.6, 128.2, 127.1, 55.3, 51.8,
43.8, 42.0, 32.3, 31.7, 25.6. MS m/z (rel int.)5451, M), 186 (15), 110 (5), 105 (100), 77 (62), 67 (B,
(13).

3-phenylglyoxyloyl-3-azabicyclo[3.3.0]octan®). MS m/z (rel int.): 243 (<2, §), 138 (93), 110 (30),
105 (77), 95 (82), 77 (100), 67 (32), 51 (29).

3-(4'-tert-butylbenzoyl)-3-azabicyclo[3.3.0]octaii#s). MS m/z (rel int.): 217 (60, K),.242 (11), 161
(100), 146 (18), 118 (21), 91 (11).

3-(4'-trifluoromethylbenzoyl)-3-azabicyclo[3.3.0kame @1). MS m/z (rel int.): 283 (52, N), 264 (8),
254 (16), 173 (100), 145 (55), 126 (7), 110 (6)(®p

4-benzoyl-3,4-diazabicyclo[4.3.0]non-2-e(83). MS m/z (rel int.): 228 (11, K), 123 (11), 105 (100),
77 (63), 51 (14).
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