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BETA-LACTAMASE INHIBITORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/011,533 (filed Jan. 18, 2008), the 
disclosure of which is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002. This invention relates to novel beta-lactamase 
inhibitors and their use against bacterial antibiotic resistance. 
More particularly, the invention relates to compositions and 
methods for overcoming bacterial antibiotic resistance. 

BACKGROUND OF THE INVENTION 

0003 Bacterial antibiotic resistance has become one of the 
most serious threats to modern health care. Cohen, Science 
1992, 257: 1051-1055 discloses that infections caused by 
resistant bacteria frequently result in longer hospital stays, 
higher mortality and increased cost of treatment. Neu, Sci 
ence 1992, 257: 1064-1073 discloses that the need for new 
antibiotics will continue to escalate because bacteria have a 
remarkable ability to develop resistance to new agents ren 
dering them quickly ineffective. Anderson, Nature America 
1999, 5: 147-149 refers to the spread of antibiotic resistance 
as a pandemic and asserts that a solution to the growing public 
health threat will require an interdisciplinary approach. 
0004. The present crisis has prompted various efforts to 
elucidate the mechanisms responsible for bacterial resis 
tance, Coulton et al., Progress in Medicinal Chemistry 1994, 
31:297-349 teaches that the widespread use of penicillins and 
cephalosporins has resulted in the emergence of B-lacta 
mases, a family of bacterial enzymes that catalyze the 
hydrolysis of the B-lactam ring common to numerous pres 
ently used antibiotics. More recently, Dudley, Pharmaco 
therapy 1995, 15: 9S-14S has disclosed that resistance medi 
ated by B-lactamases is a critical aspect at the core of the 
development of bacterial antibiotic resistance. Clavulanic 
acid, which is a metabolite of Streptomyces clavuligerus, and 
two semi-synthetic inhibitors, Sulbactam and taZobactam are 
presently available semi-synthetic or natural product?-lacta 
mase inhibitors. U.S. Pat. No. 5,698,577, U.S. Pat. No. 5,510, 
343, U.S. Pat. No. 6,472,406 and Hubschwerlenet al., J. Med. 
Chem. 1998, 41: 3961 and Livermore et al., J. Med. Chem. 
1997, 40: 335-343, disclose certain synthetic B-lactamase 
inhibitors. 

0005. Other references of interest are: 
0006 US 2003/0199541 A1 discloses certain azabicyclic 
compounds including certain 7-OXO-6-diazabicyclic3.2.1 
octane-2-carboxamides and their use as anti-bacterial agents. 
0007 US 2004/0157826A1 discloses certain heterobicy 
clic compounds including certain diazepine carboxamide and 
diazepine carboxylate derivatives and their use as anti-bacte 
rials and B-lactamase inhibitors. 
0008 WO 2008/039420 A2 discloses certain 7-oxo-2,6- 
diazabicyclo[3.2.0]heptane-6-sulfooxy-2-carboxamides and 
their use of beta-lactamse inhibitors. 

0009 Poole, Cell. Mol. Life. Sci. 2004, 61: 2200-2223, 
provides a review of the resistance of bacterial pathogens to 
B-lactam antibiotics and approaches for overcoming resis 
tance. 
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0010. The currently available f-lactamase inhibitors are 
insufficient to counter the constantly increasing diversity of 
B-lactamases. There is, therefore, a need for new B-lactamase 
inhibitors. 

SUMMARY OF THE INVENTION 

0011. The present invention is directed to certain diazabi 
cyclic carboxamide and carboxylate compounds which are 
beta-lactamase inhibitors. The compounds and their pharma 
ceutically acceptable salts, are useful in combination with 
beta-lactam antibiotics for the treatment of bacterial infec 
tions, particularly anti-biotic resistant bacterial infections. 
More particularly, the present invention includes compounds 
of Formula I: 

(I) 

and pharmaceutically acceptable salts thereof, wherein: 
the bond identified as “a” is a single bond or a double bond; 
when bonda is a single bond, X is: 
(0012 (1) CH, 
0013 (2) CHCH 
(0014 (3) CHCHCH 
(0.015 (4) CH=CH, 
0016 (5) CH-CH=CH, or 
10017 (6) CH=CH-CH: 
when bonda is a double bond, X is: 
0018 (1) CH, 
(0.019 (2) CH-CH or 
0020 (3) CH-CH=CH: 

R" is: 

0021 (1) C(O)N(R)R, 
0022 (2) C(O)OR, or 
0023 (3) C(O)OR; 
R’ is SOM, OSOM, SONH, POM, OPOM, CHCOM, 
CFCOM, or CF; 
M is H or a pharmaceutically acceptable cation; 

R is: 

0024 (1) Cls alkyl substituted with a total of from 1 to 
4 Substituents selected from the group consisting of (i) 
Zero to 2 N(R)R’, (ii) Zero to 2R, and (iii) zero to 1 of 
Ary A, HetA, or HetB, 

0.025 (2) CycA, 
0026 (3) HetA, 
0027 (4) Ary A, 
0028 (5) HetB, or 
0029 (6) AryB; 

R" is H or Cs alkyl optionally substituted with N(R)R’; 
or alternatively, when R is C(O)N(R)R. RandR together 
with the Natom to which they are both attached form a 4- to 
9-membered, Saturated monocyclic ring optionally contain 
ing 1 heteroatom in addition to the nitrogen attached to Rand 
R' selected from N, O, and S, where the S is optionally 
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oxidized to S(O) or S(O); wherein the monocyclic ring is 
optionally fused to, bridged with, or spiro to a 4- to 7-mem 
bered, Saturated heterocyclic ring containing from 1 to 3 
heteroatoms independently selected from N, O and S, where 
the S is optionally oxidized to S(O) or S(O), to form a 
bicyclic ring system, wherein the monocyclic ring or the 
bicyclic ring system so formed is optionally substituted with 
1 or 2 substituents each of which is independently: (1) C. 
alkyl, (2) C. fluoroalkyl, (3) (CH), G wherein G is OH, 
O-C alkyl, O C fluoroalkyl, N(R)R’, C(O)N(R) 
R’, C(O)R, COR', or SOR', (4) O C alkyl, (5) 
O Ce fluoroalkyl, (6) OH, (7) oxo, (8) halogen, (9) N(R') 
R’, (10) C(O)N(R)R’, (11) C(O)R', (12) C(O) C. fluo 
roalkyl, (13)C(O)OR', or (14) S(O).R': 
R is Cls alkyl substituted with 1 or 2 substituents each of 
which is independently N(R')C(O)-Ary A: 
CycA is C. cycloalkyl which is optionally substituted with 
a total of from 1 to 4 substituents selected from Zero to 2 
(CH)N(R)R’ and zero to 2 (CH), R: 
HetA is a 4- to 9-membered saturated or mono-unsaturated 
heterocyclic ring containing from 1 to 3 heteroatoms inde 
pendently selected from N, O and S, wherein any ring S is 
optionally oxidized to S(O) or S(O) and either 1 or 2 ring 
carbons are optionally oxidized to C(O); wherein the ring is 
optionally fused with a C-7 cycloalkyl; and wherein the 
optionally fused, saturated or mono-unsaturated heterocyclic 
ring is optionally substituted with a total of from 1 to 4 
substituents selected from zero to 2 (CH),N(R')R’ and zero 
to 2 (CH), R: 
AryA is phenyl which is optionally substituted with a total of 
from 1 to 4 substituents selected from Zero to 2 (CH)N(R) 
R° and zero to 2 (CH), R: 
HetB is a 5- or 6-membered heteroaromatic ring containing 
from 1 to 4 heteroatoms selected from 1 to 3 Natoms, Zero or 
1 O atom, and Zero or 1 Satom; wherein the heteroaromatic 
ring is optionally fused with a 5- to 7-membered, saturated 
heterocyclic ring containing 1 or 2 heteroatoms indepen 
dently selected from N, O and S, wherein any ring S is 
optionally oxidized to S(O) or S(O) and either 1 or 2 non 
fused ring carbons are optionally oxidized to C(O); and 
wherein the optionally fused heteroaromatic ring is option 
ally substituted with a total of from 1 to 4 substituents selected 
from zero to 2 (CH)N(R)R’ and zero to 2 (CH), R: 
AryB is a bicyclic ring system which is phenyl fused with a 5 
to 7-membered saturated heterocyclic ring containing from 1 
to 3 heteroatoms independently selected from N, O and S. 
wherein any ring S is optionally oxidized to S(O) or S(O), 
and wherein the bicyclic ring system is optionally Substituted 
with a total of from 1 to 4 substituents selected from Zero to 2 
(CH)N(R)R’ and zero to 2 (CH), R: 
each n is independently an integer which is 0, 1, 2, or 3: 
each R is independently H or Cs alkyl: 
each R is independently H or Cs alkyl: 
each R is independently C, alkyl, OH, O—Cs alkyl, 
OC(O) Cls alkyl, C(=NH)NH2, NH C(=NH)NH2, 
halogen, CN, C(O)R', C(O)OR, C(O)N(R)R’, SOR, 
SO.N(R')R’, pyridyl, pyrrolidinyl, piperidinyl, piperazinyl, 
morpholinyl, or thiomorpholinyl: 
and provided that: 

0030 (A) when R' is C(O)OR and R is Ary A, then 
Ary A is not (i) unsubstituted phenyl, (ii) phenyl substi 
tuted with NH, (iii) phenyl substituted with OH, (iii) 
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phenyl substituted with O C alkyl, (iv) phenyl sub 
stituted with one or more halogens, or (V) phenyl Sub 
stituted with C. alkyl, 

0031 (B) when R is C(O)OR and R is C alkyl 
substituted with HetB, then HetB is not pyridyl; 

0032) (C) when R' is C(O)CR and R is CH-Ary A or 
CHCH-Ary A, then Ary A is not (i) unsubstituted phe 
nyl, (ii) phenyl substituted with NH, OH, O C. 
alkyl, or Calkyl, or (iii) phenyl substituted with one or 
more halogens; 

0033 (D) when R is C(O)N(R)R, R is Ary A, CH,- 
Ary A or CHCH-Ary A, and R is Hor C, alkyl, then 
Ary A is not unsubstituted phenyl, phenyl substituted 
with N(CH), or phenyl substituted with C(O)NH; 

0034 (E) when R' is C(O)N(R)R, R is C alkyl 
substituted with HetB, and R is H or Ce alkyl, then 
HetB is not pyridyl; and 

0035 (F) when R' is C(O)CR and R is C alkyl 
substituted with R', then R is not C(O)NH. 

0036 Compounds of Formula I inhibit B-lactamases and 
synergize the antibacterial effects of B-lactam antibiotics 
(e.g., imipenem, ceftazidime and piperacillin) against micro 
organisms normally resistant to B-lactam antibiotics as a 
result of the presence of the B-lactamases. The compounds of 
the present invention are effective against class A and class C 
B-lactamases and their combination with a beta-lactam anti 
biotic, such as imipenem, ceftazidine or piperacillin, can pro 
vide for effective treatment of bacterial infections caused by 
class A and class C -lactamase producing microorganisms. 
Accordingly, the present invention includes combinations of 
a compound of Formula I with a B-lactamantibiotic suitable 
for use against against class C B-lactamase producing bacte 
ria Such as Pseudomonas spp. and against class A B-lactamase 
producing bacteria Such as Klebsiella spp. The invention also 
includes compositions comprising a compound of Formula I 
or its pharmaceutically acceptable salt, and a pharmaceuti 
cally acceptable carrier. The invention further includes meth 
ods for treating bacterial infections and inhibiting bacterial 
growth by use of a compound of Formula I or its salt or a 
combination or composition containing the compound or its 
salt. 
0037 Embodiments, sub-embodiments, aspects and fea 
tures of the present invention are either further described in or 
will be apparent from the ensuing description, examples and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 is the X-ray powder diffraction pattern for the 
crystalline monohydrate described in Example 1D. 
0039 FIG. 2 is the DSC curve for the crystalline monohy 
drate described in Example 1D. 

DETAILED DESCRIPTION OF THE INVENTION 

0040. As noted above the present invention includes com 
pounds of Formula I, wherein the compounds are beta-lacta 
mase inhibitors suitable for use in combination with beta 
lactam antibiotics for the treatment of bacterial infections. 

0041. The term “B-lactamase inhibitor” refers to a com 
pound which is capable of inhibiting B-lactamase activity 
Inhibiting B-lactamase activity means inhibiting the activity 
of a class A, C, or D 3-lactamase. For antimicrobial applica 
tions inhibition at a 50% inhibitory concentration is prefer 
ably achieved at or below about 100 micrograms/mL, or at or 
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below about 50 micrograms/mL, or at or below about 25 
micrograms/mL. The terms “class A', 'class C, and “class 
D” B-lactamases are understood by those skilled in the art and 
are described in Waley, The Chemistry of B-lactamase, Page 
Ed., Chapman & Hall, London, (1992) 198-228. 
0042. The term “B-lactamase' denotes a protein capable 
of inactivating a B-lactam antibiotic. The B-lactamase can be 
an enzyme which catalyzes the hydrolysis of the B-lactam 
ring of a B-lactam antibiotic. Of particular interest herein are 
microbial B-lactamases. The B-lactamase can be, for 
example, a serine B-lactamase. B-Lactamases of interest 
include those disclosed in, e.g., Waley, The Chemistry of 
B-lactamase, Page Ed., Chapman & Hall, London, (1992) 
198-228. B-Lactamases of particular interestherein include a 
class C B-lactamase of Pseudomonas aeruginosa or of 
Enterobacter cloacae P99 (hereinafter P99B-lactamase) and 
class A beta-lactamase of Klebsiella spp. 
0043. The term “antibiotic” refers to a compound or com 
position which decreases the viability of a microorganism, or 
which inhibits the growth or proliferation of a microorgan 
ism. The phrase “inhibits the growth or proliferation” means 
increasing the generation time (i.e., the time required for the 
bacterial cell to divide or for the population to double) by at 
least about 2-fold. Preferred antibiotics are those which can 
increase the generation time by at least about 10-fold or more 
(e.g., at least about 100-fold or even indefinitely, as in total 
cell death). As used in this disclosure, an antibiotic is further 
intended to include an antimicrobial, bacteriostatic, or bacte 
ricidal agent. Examples of antibiotics suitable for use with 
respect to the present invention include penicillins, cepha 
losporins and carbapenems. 
0044) The term “B-lactam antibiotic’ refers to a com 
pound with antibiotic properties that contains a B-lactam 
functionality. Non-limiting examples off-lactam antibiotics 
useful with respect to the invention include penicillins, cepha 
losporins, penems, carbapenems, and monobactams. 
0045. A first embodiment of the present invention (alter 
natively referred to herein as “Embodiment E1) is a com 
pound of Formula I (alternatively referred to herein as “Com 
pound I) as originally defined (i.e., as defined in the 
Summary of the Invention above), or a pharmaceutically 
acceptable salt thereof; and provided that: 

0046) (A) when R' is C(O)OR, then R is not Ary A: 
0047 (B) when R' is C(O)CR, then R is not Cls alkyl 
substituted with HetB; 

0048 (C) when R' is C(O)CR, then R is not Cls alkyl 
substituted with Ary A: 

0049 (D) when R is C(O)N(R)R, R is Ary A or Cs 
alkyl substituted with AryA, and R is H or Cs alkyl, 
then Ary A is not unsubstituted phenyl, phenyl substi 
tuted with 1 or 2 N(R)R’, or phenyl substituted with 1 
or 2 C(O)N(R')R’; 

0050 (E) when R is C(O)N(R)R and R is H or Cs 
alkyl, then R is not Cls alkyl substituted with HetB; 
and 

0051 (F) when R' is C(O)OR and R is Cls alkyl 
substituted with R, then R is not C(O)N(R)R’. 

0052 A second embodiment of the present invention (Em 
bodiment E2) is a compound of Formula I as originally 
defined, or a pharmaceutically acceptable salt thereof, and 
provided that: 

0053 (A) when R' is C(O)OR, then R is not Ary A: 
0054 (B) when R' is C(O)OR, then R is not Cls alkyl 
substituted with HetB; 
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0.055 (C) when R' is C(O)CR, then R is not Cls alkyl 
substituted with Ary A: 

0056 (D) when R' is C(O)N(R)R, then R is notAryA 
or Cs alkyl substituted with Ary A: 

0057 (E) when R is C(O)N(R)R, then R is not Cls 
alkyl substituted with HetB; and 

0.058 (F) when R is C(O)OR, then R is not Calkyl 
substituted with R. 

0059 A third embodiment of the present invention (Em 
bodiment E3) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof; wherein: 
0060) R' is: 
0061 (1) C(O)N(R)R, or 
0062 (2) C(O)OR: 

0063 R is: 
0.064 (1) Cls alkyl substituted with a total of from 1 to 
4 Substituents selected from the group consisting of (i) 
zero to 2 N(R)R’, (ii) zero to 2R, and (iii) zero to 1 of 
Ary A, HetA, or HetB, 

0065 (2) CycA, 
(0.066 (3) HetA, 
0067 (4) Ary A, or 
0068 (5) HetB; 

I0069) R' is H or Cs alkyl optionally substituted with 
N(R1)R’; 

0070 HetA is a 4- to 9-membered saturated heterocyclic 
ring containing from 1 to 3 heteroatoms independently 
selected from N, O and S, wherein the saturated heterocy 
clic ring is optionally substituted with a total of from 1 to 4 
substituents selected from zero to 2 (CH),N(R)R’ and 
zero to 2 (CH), R: 

(0071) each R is independently C, alkyl, OH, O Cls 
alkyl, C(=NH)NH, NH-C(=NH)NH, halogen, CN, 
pyridyl, pyrrolidinyl, or piperidinyl; and 

0072 all other variables are as originally defined; and 
provided that: 
0.073 (A) when R' is C(O)OR and R is Ary A, then 
Ary A is not (i) unsubstituted phenyl, (ii) phenyl substi 
tuted with NH, (iii) phenyl substituted with OH, (iii) 
phenyl substituted with O C alkyl, (iv) phenyl sub 
stituted with one or more halogens; or (V) phenyl Sub 
stituted with C. alkyl, 

0074 (B) when R is C(O)OR and R is C alkyl 
substituted with HetB, then HetB is not pyridyl; 

0075) (C) when R' is C(O)CR and R is CH-Ary A or 
CHCH-Ary A, then Ary A is not (i) unsubstituted phe 
nyl, (ii) phenyl substituted with NH, OH, O C. 
alkyl, or Calkyl, or (iii) phenyl substituted with one or 
more halogens; 

0.076 (D) when R is C(O)N(R)R, R is Ary A, CH,- 
Ary A or CHCH-Ary A, and R is Hor C, alkyl, then 
Ary A is neither unsubstituted phenyl nor phenyl substi 
tuted with N(CH); and 

0.077 (E) when R is C(O)N(R)R, R is C alkyl 
substituted with HetB, and R is H or Ce alkyl, then 
HetB is not pyridyl. 

0078 A fourth embodiment of the present invention (Em 
bodiment E4) is a compound of Formula I as defined in 
Embodiment E3, or a pharmaceutically acceptable salt 
thereof; and provided that: 

0079 (A) when R' is C(O)OR, then R is not Ary A: 
0080 (B) when R' is C(O)OR, then R is not Calkyl 
substituted with HetB; 
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I0081) (C) when R' is C(O)CR, then R is not Calkyl 
substituted with Ary A: 

I0082 (D) when R' is C(O)N(R)R, then R is notAryA 
or C alkyl substituted with Ary A; and 

I0083 (E) when R' is C(O)N(R)R, then R is not C. 
alkyl substituted with HetB. 

0084. A fifth embodiment of the present invention (Em 
bodiment E5) is a compound of Formula I as defined in 
Embodiment E3, or a pharmaceutically acceptable salt 
thereof; and provided that: 

I0085 (A) when R' is C(O)OR, then R is not Ary A: 
I0086) (B) when R' is C(O)CR, then R is not Calkyl 

substituted with HetB; 
I0087 (C) when R' is C(O)CR, then R is not Calkyl 

substituted with Ary A: 
I0088 (D) when R' is C(O)N(R)R, then R is notAryA 
or C. alkyl substituted with Ary A; and 

I0089 (E) when R' is C(O)N(R)R, then R is not C. 
alkyl substituted with HetB. 

0090. A sixth embodiment of the present invention (Em 
bodiment E6) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof, wherein bond “a” is a single 
bond; X is —CH2— or —CHCH ; and all other variables 
are as originally defined or as defined in any of the foregoing 
embodiments. 
0091. A seventh embodiment of the present invention 
(Embodiment E7) is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein bond 'a' is a single 
bond; X is —CH2—, and all other variables are as originally 
defined or as defined in any of the foregoing embodiments. 
0092 An eighth embodiment of the present invention 
(Embodiment E8) is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein bond 'a' is a single 
bond; X is —CH2CH2—, and all other variables are as origi 
nally defined or as defined in any of the foregoing embodi 
mentS. 

0093. A ninth embodiment of the present invention (Em 
bodiment E9) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof, wherein R' is C(O)N(R)R: 
and all other variables are as originally defined or as defined 
in any one of the preceding embodiments. In an aspect of this 
embodiment, R' is C(O)NH(R). 
0094. A tenth embodiment of the present invention (Em 
bodiment E10) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof, wherein R is OSOM; and all 
other variables areas originally defined oras defined in any of 
the preceding embodiments. 
0095. An eleventh embodiment of the present invention 
(Embodiment E11) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is OSOH: 
and all other variables are as originally defined or as defined 
in any of the preceding embodiments. 
0096. A twelfth embodiment of the present invention (Em 
bodiment E12) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof, wherein R is: (1) C alkyl 
substituted with a total of from 1 to 4 substituents selected 
from the group consisting of (i) zero to 2N(R')R’, (ii)Zero to 
2R, and (iii) zero to 1 of AryA, HetA, or HetB, (2) CycA, (3) 
HetA, (4) Ary A, or (5) HetB; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. 
0097. A thirteenth embodiment of the present invention 
(Embodiment E13) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is (CH.) 
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sN(R')R’, (CH-)--Ary A, (CH)-HetA, (CH)-HetB, 
CycA, HetA, Ary A, or HetB; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. 

0098. A fourteenth embodiment of the present invention 
(Embodiment E14) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA, 
CH-HetA, CHCH-HetA, CH(CH)-HetA, O 
CH(CHOH)-HetA; and all other variables are as originally 
defined or as defined in any of the preceding embodiments. A 
first sub-embodiment of Embodiment E14 is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, 
wherein R' is C(O)N(R)R: R is as defined above in 
Embodiment E14; and all other variables areas defined above 
in Embodiment E14. 

(0099. A fifteenth embodiment of the present invention 
(Embodiment E15) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is R is 
HetA, CH-HetA, or CHCH-HetA; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. A first sub-embodiment of Embodiment E15 is 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, wherein R' is C(O)N(R)R: R is as defined 
above in Embodiment E15; and all other variables are as 
defined above in Embodiment E15. 

0100. A sixteenth embodiment of the present invention 
(Embodiment E16) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is R is HetA 
or CH-HetA; and all other variables areas originally defined 
or as defined in any of the preceding embodiments. A first 
sub-embodiment of Embodiment E 16 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R" is C(O)N(R)R: R is as defined above in Embodiment 
E16; and all other variables are as defined above in Embodi 
ment E16. 

0101. A seventeenth embodiment of the present invention 
(Embodiment E17) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA; and 
all other variables areas originally definedoras defined in any 
of the preceding embodiments. A first sub-embodiment of 
Embodiment E17 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is as defined above in Embodiment E17; and all other 
variables are as defined above in Embodiment E17. 

0102) An eighteenth embodiment of the present invention 
(Embodiment E18) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA; 
HetA is a saturated heterocyclic selected from the group 
consisting of pyrrolidinyl, piperidinyl, azepanyl, and azoca 
nyl; wherein the saturated heterocyclic is optionally substi 
tuted with N(R)R’ and optionally substituted with 1 or 2 
(CH),R: each R is independently Calkyl, OH, O Cls 
alkyl, C(=NH)NH2, NH C(=NH)NH, halogen, CN, 
pyridyl, pyrrolidinyl, or piperidinyl; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. 

0103) A nineteenth embodiment of the present invention 
(Embodiment E19) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA; 
HetA is: 
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T YN-y-(R)0- // M 
X- is T-N : 

Sne. \ ^(NR'R''. 
T V (R)0- 
Ny- (R)0- TN /f 

7S (NR'R''), Nusse. 
T 
W (R)0- 

Cy-(R)0-1: 1./ s y- N 

wherein theasterisk denotes the point of attachment of HetA 
to therest of the compound: T is Hor R. R. is C, alkyl, OH, 
O Cls alkyl, C(=NH)NH, NH C(=NH)NH, halogen, 
CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other vari 
ables are as originally defined or as defined in any of the 
preceding embodiments. 
0104. A twentieth embodiment of the present invention 
(Embodiment E20) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA; 
HetA is: 

wherein theasterisk denotes the point of attachment of HetA 
to therest of the compound; T is Hor R. R. is C, alkyl, OH, 
O Cls alkyl, C(=NH)NH2, NH C(=NH)NH, halogen, 
CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other vari 
ables are as originally defined or as defined in any of the 
preceding embodiments. In an aspect of this embodiment, T is 
H 

0105. A twenty-first embodiment of the present invention 
(Embodiment E21) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein HetA is an 
optionally fused, Saturated heterocyclic ring selected from the 
group consisting of azetidinyl, pyrrolidinyl, oxopyrrolidinyl 
(e.g., 2-oxopyrrolidinyl), piperidinyl, piperazinyl, tetrahy 
dropyranyl, tetrahydrothiopyranyl, morpholinyl, 1,1-dioxi 
dotetrahydrothiopyranyl, azepanyl, oxazepanyl, azocanyl. 
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and azabicyclo3.1.0cyclohexyl, wherein the heterocyclic is 
optionally substituted with 1 or 2 (CH)N(R)R’ and option 
ally substituted with 1 or 2 (CH),R; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. A first sub-embodiment of Embodiment E21 is 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, wherein R is HetA, and HetA and all other 
variables areas defined above in Embodiment E21. A second 
sub-embodiment of Embodiment E21 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R" is C(O)N(R)R: R is HetA; and HetA and all other 
variables are as defined above in Embodiment E21. In an 
aspect of this embodiment and its sub-embodiments, HetA is 
optionally mono-substituted with (CH),N(R')R’ and 
optionally substituted with 1 or 2 (CH),R. 
0106. A twenty-second embodiment of the present inven 
tion (Embodiment E22) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein HetA is a 
saturated heterocyclic ring selected from the group consisting 
of pyrrolidinyl, piperidinyl, azepanyl, and azocanyl; wherein 
the heterocyclic is optionally substituted with 1 or 2 (CH) 
N(R)R’ and optionally substituted with 1 or 2 (CH), R: 
and all other variables are as originally defined or as defined 
in any of the preceding embodiments. A first Sub-embodiment 
of Embodiment E22 is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA; and 
HetA and all other variables are as defined above in Embodi 
ment E22. A second sub-embodiment of Embodiment E22 is 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, wherein R' is C(O)N(R)R: R is HetA; and 
HetA and all other variables are as defined above in Embodi 
ment E22. In an aspect of this embodiment and its sub 
embodiments, HetA is optionally mono-substituted with 
(CH),N(R')R’ and optionally substituted with 1 or 2 (CH.) 
R. 
0107. A twenty-third embodiment of the present invention 
(Embodiment E23) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein HetA is as 
defined in either Embodiment E21 or E22; each R is inde 
pendently OH, O C alkyl, C(=NH)NH, NH C 
(—NH)NH, Cl, Br, F, or CN; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. In a first sub-embodiment R is HetA, and 
HetA is as defined above in Embodiment E21. In a second 
sub-embodiment, R' is C(O)N(R)R; R is HetA; and HetA 
is as defined above in Embodiment E22. In an aspect of this 
embodiment and its sub-embodiments, HetA is optionally 
mono-substituted with (CH),N(R')R’ and optionally sub 
stituted with 1 or 2 (CH),R. 
0108. A twenty-fourth embodiment of the present inven 
tion (Embodiment E24) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein HetA is a 
heterocyclic ring as defined in either Embodiment E21 or 
E22; the heterocyclic ring in HetA is optionally substituted 
with halogen, C alkyl, O—C alkyl, NH, N(H)—C. 
alkyl, N( C alkyl). CH-NH, CHN(H)—C alkyl, 
CHN(-C alkyl), or piperidinyl; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. In a first sub-embodiment R is HetA; and 
HetA is as defined above in Embodiment E24. In a second 
sub-embodiment, R' is C(O)N(R)R'; R is HetA; and HetA 
is as defined above in Embodiment E24. 

0109. A twenty-fifth embodiment of the present invention 
(Embodiment E25) is a compound of Formula I, or a phar 
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maceutically acceptable salt thereof, wherein HetA is a het 
erocyclic ring as defined in either Embodiment E21 or E22; 
the heterocyclic ring in HetA is optionally substituted with F. 
CH, OCH, NH, N(H)CH, N(CH), CH-NH, CHN(H) 
CH, CHN(CH), or piperidinyl; and all other variables are 
as originally defined or as defined in any of the preceding 
embodiments. In a first sub-embodiment R is HetA; and 
HetA is as defined above in Embodiment E25. In a second 
sub-embodiment, R' is C(O)N(R)R: R is HetA; and HetA 
is as defined above in Embodiment E25. 

0110. A twenty-sixth embodiment of the present invention 
(Embodiment E26) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein HetA is a het 
erocyclic ring selected from the group consisting of aZetidi 
nyl, pyrrolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, 
aZepanyl, oxazepanyl, oxazolidinyl, isoxazolidinyl, mor 
pholinyl, and tetrahydropyranyl, wherein the heterocyclic 
ring is optionally substituted with 1 or 2 substituents each of 
which is independently C alkyl, CHNH, CHN(H)— 
C. alkyl, CHNO C. alkyl). O—C alkyl, Cl, Br, F. 
NH, N(H)—C alkyl, N( C alkyl), C(O)NHC(O)N 
(H)—C alkyl, C(O)N(-C alkyl), C(O)—C alkyl, 
C(O)C)—C alkyl, OC(O)—C alkyl, S(O), C alkyl, 
S(O)NH2. S(O)N(H)—C alkyl, or S(O)N( C alkyl) 
2, and all other variables areas originally defined oras defined 
in any of the preceding embodiments. A first Sub-embodiment 
of Embodiment E26 is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetA, 
CH-HetA, CHCH-HetA; and HetA and all other variables 
are as defined above in Embodiment E26. A second sub 
embodiment of Embodiment E26 is a compound of Formula 
I, or a pharmaceutically acceptable salt thereof, wherein R' is 
C(O)CR: R is HetA, CH-HetA, CHCH-HetA; and HetA 
and all other variables are as defined above in Embodiment 
E26. In an aspect of this embodiment and its sub-embodi 
ments, R is OSOH. 
0111. A twenty-seventh embodiment of the present inven 
tion (Embodiment E27) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein HetA is a 
heterocyclic ring selected from the group consisting of aze 
tidinyl, pyrrolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, 
aZepanyl, oxazepanyl, oxazolidinyl, isoxazolidinyl, mor 
pholinyl, and tetrahydropyranyl, wherein the heterocyclic 
ring is optionally substituted with 1 or 2 substituents each of 
which is independently CHCH-NH, CHN(H)CH, CHN 
(CH), OCH, Cl, Br, F, NH, N(H)CH, N(CH), C(O) 
NH, C(O)N(H)CH, C(O)N(CH), C(O)CH, C(O)OCH, 
OC(O)CH, S(O)CH, S(O)NH, S(O)N(H)CH, or S(O) 
N(CH), and all other variables are as originally defined or 

as defined in any of the preceding embodiments. A first Sub 
embodiment of Embodiment E27 is a compound of Formula 
I, or a pharmaceutically acceptable salt thereof, wherein R is 
HetA, CH2-HetA, CHCH-HetA; and HetA and all other 
variables areas defined above in Embodiment E27. A second 
sub-embodiment of Embodiment E27 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R" is C(O)OR: R is HetA, CH-HetA, CHCH-HetA; and 
HetA and all other variables are as defined above in Embodi 
ment E27. In an aspect of this embodiment and its sub 
embodiments, R is OSOH. 
0112 A twenty-eighth embodiment of the present inven 
tion (Embodiment E28) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein Ary A is 
phenyl which is optionally substituted with 1 or 2 substituents 
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each of which is independently C- alkyl, CH-NH, CHN 
(H)—C alkyl, CHNG C- alkyl). O—C alkyl, Cl, Br, 
F, NH, N(H)—C alkyl, N( C alkyl), C(O)NH2, C(O) 
N(H)—C alkyl, C(O)N(-C alkyl), C(O)—C alkyl, 
C(O)O—C alkyl, OC(O)—C alkyl, S(O), C alkyl, 
S(O)NH, S(O)N(H)—C alkyl, S(O)N( C alkyl). 
pyrrolidinyl, piperidinyl, morpholinyl, CH2-pyrrolidinyl, 
CH-piperidinyl, or CH-morpholinyl; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. A first sub-embodiment of Embodiment E28 is 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, wherein R is AryA; and Ary A and all other 
variables areas defined above in Embodiment E28. A second 
sub-embodiment of Embodiment E28 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R" is C(O)OR: R is AryA; and Ary A and all other variables 
are as defined above in Embodiment E28. In an aspect of this 
embodiment and its sub-embodiments, R is OSOH. 
0113 A twenty-ninth embodiment of the present inven 
tion (Embodiment E29) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein Ary A is 
phenyl which is optionally substituted with 1 or 2 substituents 
each of which is independently CH, CHNH, CHN(H) 
CH, CHN(CH), OCH, Cl, Br, F, NH, N(H)CH, 
N(CH), C(O)NH2, C(O)N(H)CH, C(O)N(CH), C(O) 
CH, C(O)CCH, OC(O)CH, S(O)CH, S(O)NH, S(O) 
N(H)CH, or S(O)N(CH), pyrrolidinyl, piperidinyl, mor 

pholinyl, CH-pyrrolidinyl, CH-piperidinyl, or CH 
morpholinyl; and all other variables are as originally defined 
or as defined in any of the preceding embodiments. A first 
sub-embodiment of Embodiment E29 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R is Ary A; and AryA and all other variables are as defined 
above in Embodiment E29. A second sub-embodiment of 
Embodiment E29 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)OR: R 
is Ary A; and AryAandall other variables areas defined above 
in Embodiment E29. In an aspect of this embodiment and its 
sub-embodiments, R is OSOH. 
0114. A thirtieth embodiment of the present invention 
(Embodiment E30) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetB; and 
all other variables areas originally definedoras defined in any 
of the preceding embodiments. A first sub-embodiment of 
Embodiment E30 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is as defined above in Embodiment E30; and all other 
variables are as defined above in Embodiment E30. 

0115 A thirty-first embodiment of the present invention 
(Embodiment E31) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetB; 
HetB is a heteroaromatic ring selected from the group con 
sisting of pyrrolyl pyrazolyl, imidazolyl pyridyl, and pyri 
midinyl, wherein the heteroaromatic ring is optionally mono 
substituted with (CH)N(R)R’ and optionally substituted 
with 1 or 2 (CH),R groups; each R is independently C. 
alkyl, OH, O Cls alkyl, C(=NH)NH, NH C(=NH) 
NH, halogen, CN, pyridyl, pyrrolidinyl, or piperidinyl; and 
all other variables areas originally definedoras defined in any 
of the preceding embodiments. 
0116. A thirty-second embodiment of the present inven 
tion (Embodiment E32) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein R is HetB; 
HetB is pyridyl which is optionally monosubstituted with 
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N(R')R’ and optionally substituted with 1 or 2 R groups; 
each R is independently C. alkyl, OH, O—Cs alkyl, 
C(—NH)NH2, NH C(-NH)NH, halogen, CN, pyridyl, 
pyrrolidinyl, or piperidinyl; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. 

0117. A thirty-third embodiment of the present invention 
(Embodiment E33) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is HetB; 
HetB is 

U is H, N(R)R’, or R. R. is independently Calkyl, OH, 
O Cls alkyl, C(=NH)NH2, NH C(=NH)NH, halogen, 
CN, pyridyl, pyrrolidinyl, or piperidinyl; and all other vari 
ables are as originally defined or as defined in any of the 
preceding embodiments. In an aspect of this embodiment, U 
is ortho to the pyridinyl N. In a feature of this aspect U is H. 
NH(C. alkyl), N(C. alkyl), or O C alkyl. 
0118. A thirty-fourth embodiment of the present invention 
(Embodiment E34) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein HetB is a het 
eroaromatic selected from the group consisting of pyrrolyl, 
pyrazolyl, imidazolyl, pyridyl, pyrimidinyl, thiazolyl, piperi 
dothiazolyl pyrrolidothiazolyl, piperidopyridyl, and pyrroli 
dopyridyl, wherein the heteroaromatic ring is optionally Sub 
stituted with 1 or 2 (CH)N(R)R’ and optionally 
substituted with 1 or 2 (CH2)R groups; and all other vari 
ables are as originally defined or as defined in any of the 
preceding embodiments. A first sub-embodiment of Embodi 
ment E34 is a compound of Formula I, or a pharmaceutically 
acceptable salt thereof, wherein R is HetB; and HetBandall 
other variables are as defined above in Embodiment E34. A 
second sub-embodiment of Embodiment E34 is a compound 
of Formula I, or a pharmaceutically acceptable salt thereof, 
wherein R' is C(O)N(R)R'; R is HetB; and HetB and all 
other variables are as defined above in Embodiment E34. In 
an aspect of this embodiment and its sub-embodiments, the 
heteroaromatic in HetB is optionally mono-substituted with 
(CH),N(R')R’ and optionally substituted with 1 or 2 (CH.) 
R. In another aspect of this embodiment and its sub-em 
bodiments, the heteroaromatic ring in HetB is optionally 
monosubstituted with NH, N(H)—C alkyl, N( C. 
alkyl). CH-NH, CHN(H)—C alkyl, or CHN( C. 
alkyl); and is optionally substituted with 1 or 2 substituents 
each of which is independently C- alkyl, pyrrolidinyl, pip 
eridinyl, piperazinyl, morpholinyl, or thiomorpholinyl. In 
still another aspect of this embodiment and its sub-embodi 
ments, the heteroaromatic ring in HetB is optionally mono 
substituted with NH, N(H)CH, N(CH), CH-NH, CHN 
(H)CH, or CHN(CH); and is optionally substituted with 1 
or 2 substituents each of which is independently CH. pyrro 
lidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomor 
pholinyl. In still another aspect of this embodiment and its 
sub-embodiments, R is OSOH. 
0119) A thirty-fifth embodiment of the present invention 
(Embodiment E35) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is AryA;and 
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all other variables areas originally definedoras defined in any 
of the preceding embodiments. A first sub-embodiment of 
Embodiment E35 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is Ary A; and Ary A and all other variables are as 
defined above in Embodiment E35. In an aspect of this 
embodiment and its sub-embodiment, R is OSOH. 
0.120. A thirty-sixth embodiment of the present invention 
(Embodiment E36) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein Ary A is phenyl 
which is optionally substituted with 1 or 2 substituents each of 
which is independently C alkyl, CH-NH, CHN(H)— 
C. alkyl, CHNO C. alkyl). O—C alkyl, Cl, Br, F. 
NH, N(H)—C alkyl, N( C alkyl), C(O)NHC(O)N 
(H)—C alkyl, C(O)N(-C alkyl), C(O)—C alkyl, 
C(O)O—C alkyl, OC(O)—C alkyl, S(O), C alkyl, 
S(O)NH2. S(O)N(H)—C alkyl, S(O)N( C alkyl). 
pyrrolidinyl, piperidinyl, morpholinyl, CH2-pyrrolidinyl, 
CH-piperidinyl, or CH-morpholinyl; and all other variables 
are as originally defined or as defined in any of the preceding 
embodiments. A first sub-embodiment of Embodiment E36 is 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, wherein R is AryA; and Ary A and all other 
variables areas defined above in Embodiment E36. A second 
sub-embodiment of Embodiment E36 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R" is C(O)N(R)R'; R is AryA; and Ary A and all other 
variables are as defined above in Embodiment E36. In an 
aspect of this embodiment and its sub-embodiments, R is 
OSOH. 
I0121 A thirty-seventh embodiment of the present inven 
tion (Embodiment E37) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein Ary A is 
phenyl which is optionally substituted with 1 or 2 substituents 
each of which is independently CH, CH-NH, CHN(H) 
CH, CHN(CH), OCH, Cl, Br, F, NH, N(H)CH, 
N(CH), C(O)NH2, C(O)N(H)CH, C(O)N(CH), C(O) 
CH, C(O)CCH, OC(O)CH, S(O)CH, S(O)NH, S(O) 
N(H)CH, or S(O)N(CH), pyrrolidinyl, piperidinyl, mor 
pholinyl, CH-pyrrolidinyl, CH-piperidinyl, or CH 
morpholinyl; and all other variables are as originally defined 
or as defined in any of the preceding embodiments. A first 
sub-embodiment of Embodiment E37 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R is Ary A; and AryA and all other variables are as defined 
above in Embodiment E37. A second sub-embodiment of 
Embodiment E37 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is Ary A; and Ary A and all other variables are as 
defined above in Embodiment E37. In an aspect of this 
embodiment and its sub-embodiments, R is OSOH. 
I0122) A thirty-eighth embodiment of the present invention 
(Embodiment E38) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein Ary A is phenyl 
which is optionally substituted with 1 or 2 substituents each of 
which is independently CHCH-NH, CHN(H)CH, CHN 
(CH, OCH, Cl, Br, F, NH, N(H)CH, N(CH), C(O)NH2, 
C(O)N(H)CH, C(O)N(CH), C(O)CH, C(O)CCH, 
OC(O)CH, S(O)CH, S(O)NHS(O)N(H)CH, S(O)N 
(CH), pyrrolidinyl, piperidinyl, morpholinyl, CH-pyrro 
lidinyl, CH-piperidinyl, or CH-morpholinyl; and all other 
variables are as originally defined or as defined in any of the 
preceding embodiments. A first sub-embodiment of Embodi 
ment E38 is a compound of Formula I, or a pharmaceutically 
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acceptable salt thereof, wherein R is Ary A; and Ary Aandall 
other variables are as defined above in Embodiment E38. A 
second sub-embodiment of Embodiment E38 is a compound 
of Formula I, or a pharmaceutically acceptable salt thereof, 
wherein R' is C(O)N(R)R: R is AryA; and Ary A and all 
other variables are as defined above in Embodiment E37. In 
an aspect of this embodiment and its sub-embodiments, R is 
OSOH. 
0123. A thirty-ninth embodiment of the present invention 
(Embodiment E39) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R' is C(O)N 
(R)R: RandR together with the Natom to which they are 
both attached form a heterocyclyl selected from the group 
consisting of: 

N NH, 3 : N O 

OX) NH, and : 

wherein the ring is optionally substituted with 1 or 2 substi 
tutents each of which is independently C- alkyl, CF, 
CHOH, CHO C alkyl, CHOCF, CHNH, CHN 
(H)—C alkyl, CHNG C- alkyl). O—C alkyl, OCF, 
oxo, Cl, Br, F, NH, N(H)—C alkyl, N( C alkyl). 
C(O)NH2, C(O)N(H)—C alkyl, C(O)N( C alkyl). 
C(O)—C alkyl, C(O)C)—C alkyl, or S(O). C. alkyl; 
and all other variables are as originally defined or as defined 
in any of the preceding embodiments. In an aspect of this 
embodiment, R is OSOH. 
0.124. A fortieth embodiment of the present invention 
(Embodiment E40) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R' is C(O)N 
(R)R: RandR together with the Natom to which they are 
both attached form a heterocyclyl selected from the group 
consisting of: 

2. 

N NH, 3 : N O 

OX) NH, and : 

wherein the ring is optionally substituted with 1 or 2 substi 
tutents each of which is independently CH, CF, CHOH, 
CHOCH, CHOCF, CH-NH, CHN(H)CH, CHN 
(CH), OCH, OCF, oxo, Cl, Br, F, NH, N(H)CH, 
N(CH), C(O)NH2, C(O)N(H)CH, C(O)N(CH), C(O) 
CH, C(O)OCH, or S(O)CH; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. In an aspect of this embodiment, R is OSOH. 

2. 
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0.125. A forty-first embodiment of the present invention 
(Embodiment E41) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is AryB; and 
all other variables areas originally definedoras defined in any 
of the preceding embodiments. A first sub-embodiment of 
Embodiment E41 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is AryB; and AryBandall other variables areas defined 
above in Embodiment E41. In an aspect of this embodiment 
and its sub-embodiment, R is OSOH. 
I0126. A forty-second embodiment of the present inven 
tion (Embodiment E42) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein R is AryB; 
AryB is a bicyclic ring selected from the group consisting of 
1,2,3,4-tetrahydroquinolinyl, 1.2.3,4-tetrahydroisoquinoli 
nyl, 2,3-dihydro-1H-isoindolyl and 2,3-dihydro-1H-indolyl, 
wherein the bicyclic ring is optionally substituted with 1 or 2 
Substituents each of which is independently C- alkyl, 
CH-NH, CHN(H)—C alkyl, CHN( C alkyl). 
O C. alkyl, Cl, Br, F, NH, N(H)—C alkyl, N( C. 
alkyl), C(O)NH, C(O)N(H)—C alkyl, C(O)N( C. 
alkyl), C(O)—C alkyl, C(O)C)—C alkyl, OC(O)—C. 
alkyl, S(O), C alkyl, S(O)NH2. S(O)N(H)—C alkyl, 
S(O)N(-C alkyl), pyrrolidinyl, piperidinyl, morpholi 
nyl, CH-pyrrolidinyl, CH-piperidinyl, or CH-morpholi 
nyl; and all other variables are as originally defined or as 
defined in any of the preceding embodiments. A first sub 
embodiment of Embodiment E42 is a compound of Formula 
I, or a pharmaceutically acceptable salt thereof, wherein R is 
AryB; and AryB and all other variables are as defined above 
in Embodiment E42. A second sub-embodiment of Embodi 
ment E42 is a compound of Formula I, or a pharmaceutically 
acceptable salt thereof, wherein R' is C(O)N(R)R; R is 
AryB; and AryB and all other variables are as defined above 
in Embodiment E42. In an aspect of this embodiment and its 
sub-embodiments, R is OSOH. 
I0127. A forty-third embodiment of the present invention 
(Embodiment E43) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is AryB; 
AryB is a bicyclic ring selected from the group consisting of 
1,2,3,4-tetrahydroquinolinyl, 1.2.3,4-tetrahydroisoquinoli 
nyl, 2,3-dihydro-1H-isoindolyl and 2,3-dihydro-1H-indolyl, 
wherein the bicyclic ring is optionally substituted with 1 or 2 
substituents each of which is independently CH, CH-NH2, 
CHN(H)CH, CHN(CH), OCH, Cl, Br, F, NH, N(H) 
CH, N(CH), C(O)NH2, C(O)N(H)CH, C(O)N(CH), 
C(O)CH, C(O)OCH, OC(O)CH, S(O)CH, S(O)NH2, 
S(O)N(H)CH, or S(O)N(CH), pyrrolidinyl, piperidinyl, 
morpholinyl, CH-pyrrolidinyl, CH-piperidinyl, or CH 
morpholinyl; and all other variables are as originally defined 
or as defined in any of the preceding embodiments. A first 
sub-embodiment of Embodiment E43 is a compound of For 
mula I, or a pharmaceutically acceptable salt thereof, wherein 
R is AryB, and AryB and all other variables are as defined 
above in Embodiment E43. A second sub-embodiment of 
Embodiment E43 is a compound of Formula I, or a pharma 
ceutically acceptable salt thereof, wherein R' is C(O)N(R) 
R; R is AryB, and AryBandall other variables areas defined 
above in Embodiment E43. In an aspect of this embodiment 
and its sub-embodiments, R is OSOH. 
I0128. A forty-fourth embodiment of the present invention 
(Embodiment E44) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is H or Ca 
alkyl optionally substituted with N(R')R’; and all other vari 
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ables are as originally defined or as defined in any of the 
preceding embodiments. In an aspect of this embodiment, R' 
is H or C. alkyl. 
0129. A forty-fifth embodiment of the present invention 
(Embodiment E45) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is H. C. 
alkyl, or (CH)N(R)R’; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. In an aspect of this embodiment, R is H or 
Cs alkyl. 
0130. A forty-sixth embodiment of the present invention 
(Embodiment E46) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein R is H or 
methyl; and all other variables are as originally defined or as 
defined in any of the preceding embodiments. 
0131) A forty-seventh embodiment of the present inven 
tion (Embodiment E47) is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, wherein R is H: 
and all other variables are as originally defined or as defined 
in any of the preceding embodiments. 
0132 A forty-eighth embodiment of the present invention 
(Embodiment E48) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each R is inde 
pendently Hor Calkyl; each R is independently Hor Ca 
alkyl; and all other variables are as originally defined or as 
defined in any of the preceding embodiments. 
0133. A forty-ninth embodiment of the present invention 
(Embodiment E49) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each Risinde 
pendently Hor C-alkyl; each R is independently Hor Cs 
alkyl; and all other variables are as originally defined or as 
defined in any of the preceding embodiments. 
0134. A fiftieth embodiment of the present invention (Em 
bodiment E50) is a compound of Formula I, or a pharmaceu 
tically acceptable salt thereof, wherein each R" is indepen 
dently H or CH; each R is independently H or CH; and all 
other variables areas originally defined oras defined in any of 
the preceding embodiments. 
0135 A fifty-first embodiment of the present invention 
(Embodiment E51) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each R is inde 
pendently C alkyl, OH, O C alkyl, C(=NH)NH2, 
NH CO NH)NH, halogen, CN, pyridyl, pyrrolidinyl, or 
piperidinyl; and all other variables areas originally defined or 
as defined in any of the preceding embodiments. 
0136. A fifty-second embodiment of the present invention 
(Embodiment E52) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each R is inde 
pendently OH, O C alkyl, C(=NH)NH, NH C 
(—NH)NH, Cl, Br, F, or CN; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. 

0.137 A fifty-third embodiment of the present invention 
(Embodiment E53) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each R is inde 
pendently C- alkyl, O C alkyl, Cl, Br, F, C(O)NH2, 
C(O)N(H)—C alkyl, C(O)N( C alkyl), C(O)—C. 
alkyl, C(O)C)—C alkyl, OC(O)—C alkyl, S(O). C 
alkyl, S(O)NH, S(O)N(H)—C alkyl, S(O)N( C. 
alkyl), pyrrolidinyl, piperidinyl, morpholinyl, CH2-pyrro 
lidinyl, CH-piperidinyl, or CH-morpholinyl; and all other 
variables are as originally defined or as defined in any of the 
preceding embodiments. 
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0.138 A fifty-fourth embodiment of the present invention 
(Embodiment E54) is a compound of Formula I, or a phar 
maceutically acceptable salt thereof, wherein each R is inde 
pendently CH, OCH, Cl, Br, F, C(O)NHC(O)N(H)CH, 
C(O)N(CH), C(O)CH, C(O)OCH, OC(O)CH, S(O) 
CH, S(O)NH, S(O)N(H)CH, or S(O)N(CH), pyrro 
lidinyl, piperidinyl, morpholinyl, CH-pyrrolidinyl, CH2-pi 
peridinyl, or CH-morpholinyl; and all other variables are as 
originally defined or as defined in any of the preceding 
embodiments. 

0.139. Unless it is expressly stated to the contrary or oth 
erwise is clear from the context, the provisos A to F set forth 
in the definition of Compound I in the Summary of the Inven 
tion apply to the preceding and Subsequent embodiments 
herein. It is clear from the context, for example, that when any 
one of Embodiments E11 to E120 is incorporated into the 
definition of Compound I as originally defined, none of the 
provisos applies. Furthermore, to the extent any embodiment 
refers back to and incorporates Embodiment E1 or Embodi 
ment E2 it includes the provisos Ato F set forth therein, to the 
extent any of them applies. It is further understood that the 
definitions of variables in the provisos can be customized to 
reflect the definitions of variables in the embodiments being 
incorporated therein. For example, when Embodiment E9 
(i.e., R is C(O)N(R)R) is incorporated into Embodiment 
E1, the proviso can be adjusted to read as follows (wherein 
provisos A, B C and F do not apply)—and provided that: 

I0140 (D) when R is Ary A or C, alkyl substituted 
with AryA, and R is H or C, alkyl, then Ary A is 
neither unsubstituted phenyl nor phenyl substituted with 
1 or 2 N(R)R’; and 

I0141 (E) when R is Hor C, alkyl, then R is not C. 
alkyl substituted with HetB. 

0142. As still another example, when the compound is as 
defined in the second sub-embodiment of Embodiment E36 
(i.e., R is C(O)N(R)R: R is AryA; and Ary A and all other 
variables are as defined above in Embodiment E36), then it is 
understood that the following applies: and provided that 
Ary A is not unsubstituted phenyl, phenyl substituted with 
N(CH), or phenyl substituted with C(O)NH2. It is further 
understood that the optional provisos set forth in Embodi 
ments E1 and E2, suitably customized, can alternatively be 
applied. The proviso based on Embodiment E1, for example, 
is: and provided that Ary A is not unsubstituted phenyl, phenyl 
substituted with 1 or 2 of NH, N(H)—C alkyl and 
N(—C alkyl), or phenyl substituted with 1 or 2 of C(O) 
NH, C(O)N(H)—C alkyl and C(O)N( C alkyl). 
0.143 A first class of compounds of the present invention 
(alternatively referred to herein as “Class C1) includes com 
pounds of Formula I and pharmaceutically acceptable salts 
thereof, wherein R' is C(O)N(R)R: R is HetA;andall other 
variables are as originally defined. In an aspect of this class, 
R is H. 
0144. A first sub-class of the first class (alternatively 
referred to herein as "Sub-class C1-S1) includes the com 
pounds of Formula I and pharmaceutically acceptable salts 
thereof, wherein R' is C(O)N(R)R: R is HetA; and HetA is 
a saturated heterocyclic ring selected from the group consist 
ing of pyrrolidinyl, piperidinyl, azepanyl, and azocanyl. 
wherein the Saturated heterocyclic is optionally monosubsti 
tuted with N(R)R’ and optionally substituted with 1 or 2 
(CH),R; and all other variables areas originally defined. In 
an aspect of this sub-class, R is H. 
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0145 A second sub-class of the first class (Sub-class 
C1-S2) includes the compounds of Formula I and pharma 
ceutically acceptable salts thereof, wherein all variables are 
exactly as defined in Subclass C1-S1, except that each R is 
independently OH, O C alkyl, C(-NH)NH2, NH C 
(—NH)NH, Cl, Br, F, or CN. In an aspect of this sub-class, 
R is H. 

0146 A third sub-class of the first class (Sub-class C1-S3) 
includes the compounds of Formula I selected from the group 
consisting of: 
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-continued 
(A6) 

2. 

\ 

Ot 
and pharmaceutically acceptable salts thereof; wherein T is H 
or (CH.) R. and R and R are each independently as 
originally defined or as defined in any of the preceding 
embodiments. In one aspect of this sub-class, T is H. In 
another aspect of this sub-class R is OSOH or SOH. In still 
another aspect of this sub-class, T is H and R is OSOH or 
SOH. In still another aspect of this sub-class, T is Hand R' 
is OSOH. In still another aspect of this sub-class, each R is 
independently Calkyl, OH, O—Cs alkyl, C(=NH)NH2, 
NH C(=NH)NH, halogen, CN, pyridyl, pyrrolidinyl, or 
piperidinyl. In a feature of this aspect, R is OSOH. 
0147 A second class of compounds of the present inven 
tion (Class C2) includes compounds of Formula I and phar 
maceutically acceptable salts thereof, wherein R' is C(O)N 
(R)R'; R is HetB; and all other variables are as originally 
defined. In an aspect of this class, R is H. 
0.148. A first sub-class of the second class (Sub-class 
C2-S1) includes the compounds of Formula I and pharma 
ceutically acceptable salts thereof, wherein R' is C(O)N(R) 
R; R is HetB; and HetB is a heteroaromatic ring selected 
from the group consisting of pyrrolyl, pyrazolyl, imidazolyl, 
pyridyl, and pyrimidinyl, wherein the heteroaromatic ring is 
optionally monosubstituted with (CH)N(R)R’ and option 
ally substituted with 1 or 2 (CH2)R groups; and all other 
variables are as originally defined. In an aspect of this Sub 
class, R is H. 
0149. A second sub-class of the second class (Sub-class 
C2-S2) includes the compounds of Formula I and pharma 
ceutically acceptable salts thereof, wherein all variables are 
exactly as defined in Subclass C2-S1, except that each R is 
independently OH, O C alkyl, C(-NH)NH2, NH C 
(—NH)NH, Cl, Br, F, or CN. In an aspect of this sub-class, 
R is H. 
0150. A third sub-class of the second class (Sub-class 
C2-S3) includes the compounds of Formula I and pharma 
ceutically acceptable salts thereof, wherein R' is C(O)N(R) 
R; R is HetB; and HetB is pyridyl which is optionally 
monosubstituted with N(R)R’ and optionally substituted 
with 1 or 2 R groups. In an aspect of this sub-class, R is H. 
0151. A fourth sub-class of the second class (Sub-class 
C2-S4) includes the compounds of Formula I and pharma 
ceutically acceptable salts thereof, wherein all variables are 
exactly as defined in Subclass C2-S3, except that each R is 
independently OH, O C alkyl, C(-NH)NH2, NH C 
(—NH)NH, Cl, Br, F, or CN. In an aspect of this sub-class, 
R" is H. In still another aspect of this sub-class, each R is 
independently Calkyl, OH, O—Cs alkyl, C(=NH)NH2, 
NH C(=NH)NH, halogen, CN, pyridyl, pyrrolidinyl, or 
piperidinyl. 
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0152. A fifth sub-class of the second class (Sub-class 
C2-S5) includes the compounds of Formula I selected from 
the group consisting of 

Na l 
N 1. 
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N I I IIH 
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l 1s 1. 
H 
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N21 O 

RS N l 
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and pharmaceutically acceptable salts thereof, wherein R is 
C. alkyl, OH, O Cls alkyl, C(=NH)NH2, NH C 
(—NH)NH, halogen, CN, pyridyl, pyrrolidinyl, or piperidi 
nyl; and R, R and Rare each independently as originally 
defined. In an aspect of this sub-class, N(R')R’ is NH(C. 
alkyl) or N(C. alkyl), and R is O C, alkyl. In another 
aspect of this sub-class, R is OSOH or SOH. Instillanother 
aspect of this sub-class, R is OSOH. In still another aspect 
of this sub-class, N(R)R’ is NH(Calkyl) or N(Calkyl) 
; R is O C alkyl; and R is OSOH or SOH. Other 
aspects of this sub-class include compounds of formula Bla, 
B1b, and B1c and their pharmaceutically acceptable salts, 
wherein R. R. Rand Rare eachindependently as defined 
in any of the preceding embodiments; i.e., each unique com 
bination of these variables constitutes a different aspect. 
0153. A third class of compounds of the present invention 
(Class C3) includes compounds of Formula I selected from 
the group consisting of 
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-continued 
(A19) 
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and pharmaceutically acceptable salts thereof; 
wherein T is H. C. alkyl, pyrrolidin-3-yl, piperidin-4-yl, 
(CH2). O—C alkyl, (CH2)2OH. (CH) F. (CH2)-- 
piperidinyl, (CH)-pyrrolidinyl; and T is H. Cl, Br, F. C. 
alkyl, O C alkyl, OH, NH, N(H)—C alkyl, or 
N(-Cls alkyl); and R is as originally defined. 
0154) A first sub-class of the third class (Sub-class C3-S1) 
includes the compounds of formula (A1) to (A20) and their 
pharmaceutically acceptable salts; wherein R is OSOH; and 
all other variables are as originally defined in Class C1. 
0155. A second sub-class of the third class (Sub-class 
C3-S2) includes the compounds of formula (A1) to (A20) and 
their pharmaceutically acceptable salts; wherein T is H, CH, 
pyrrolidin-3-yl, piperidin-4-yl, (CH), OCH (CH2). 
3OH. (CH) F. (CH)-piperidinyl, (CH)-pyrrolidi 
nyl: T is H, F, O Calkyl, OH, NH, N(H)CH, N(CH): 
and; and R is as originally defined. In an aspect of this 
sub-class, R is OSOH. 
0156. A third sub-class of the third class (Sub-class 
C3-S3) includes the compounds of formula (A1) to (A20) and 
their pharmaceutically acceptable salts; wherein T is H; T is 
H, F, OCH or OH; and R is OSOH. 
0157. A fourth class of compounds of the present inven 
tion (Class C4) includes compounds of Formula I selected 
from the group consisting of 
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-continued 
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and pharmaceutically acceptable salts thereof; 
wherein V, V, V", Y.Y. and Z are each independently selected 
from the group consisting of H, CH, pyrrolidinyl, piperidi 
nyl, piperazinyl, morpholinyl, thiomorpholinyl, CH2-pyrro 
lidinyl, CH-piperidinyl, CH-piperazinyl, CH-morpholi 
nyl, CH-thiomorpholinyl, NH, N(H)CH, N(CH), 
CH-NH, CHN(H)CH, and CH-N(CH), with the proviso 
that: 
0158 (i) at least one of V, V and V" is H; and 
0159 (ii) at least one ofY and Y is H. 
0160 A first sub-class of the fourth class (Sub-class 
C4-S1) includes the compounds of formula (B1) to (B9) and 
their pharmaceutically acceptable salts; wherein at least two 
of V, V and V" are H; and R is OSOH. 
0161 Another embodiment of the present invention is a 
compound selected from the group consisting of the title 
compounds of Examples 1 to 117 (or, alternatively, Com 
pounds 1 to 117) and pharmaceutically acceptable salts 
thereof. 
0162 Another embodiment of the present invention is a 
compound selected from the group consisting of the title 
compounds of Examples 1 to 13 (i.e., Compounds 1 to 13) 
and pharmaceutically acceptable salts thereof. 
0163 Another embodiment of the present invention is a 
compound selected from the group consisting of compounds 
1, 2, 4 and 6-9 and pharmaceutically acceptable salts thereof. 
0164. Another embodiment of the present invention is a 
compound selected from the group consisting of 
0.165 (2S,5R)-7-oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6- 
diazabicyclo3.2.1]octane-2-carboxamide; 

0166 (2S,5R)—N-4-(aminomethyl)phenyl-7-oxo-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide; 

(0167 (2S,5R)-7-oxo-N-(3R)-pyrrolidin-3-yl)-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide; 

0168 (2S,5R)-7-oxo-6-(sulfooxy)-N-(1,2,3,4-tetrahy 
droisoquinolin-6-yl)-1,6-diazabicyclo3.2.1]octane-2- 
carboxamide; 

0169 (2S,5R)-7-oxo-N-(5-piperidin-4-ylpyridin-2-yl)-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide; 

14 
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0170 piperidin-4-ylmethyl(2S.5R)-7-oxo-6-(sulfooxy)- 
1,6-diazabicyclo[3.2.1]octane-2-carboxylate; and phar 
maceutically acceptable salts thereof. 

0171 Still another embodiment of the present invention is 
(2S.5R)-7-oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6-diazabi 
cyclo3.2.1]octane-2-carboxamide (i.e., the compound of 
Example 1 or alternatively Compound 1) or a pharmaceuti 
cally acceptable salt thereof. 
0172 Still another embodiment of the present invention is 
(2S.5R)—N-4-(aminomethyl)phenyl-7-oxo-6-(sulfooxy)- 
1,6-diazabicyclo[3.2.1]octane-2-carboxamide (i.e., the com 
pound of Example 9, or alternatively Compound 9) or a 
pharmaceutically acceptable salt thereof. 
0173 Still another embodiment of the present invention is 
(2S.5R)-7-oxo-N-(3R)-pyrrolidin-3-yl-6-(sulfooxy)-1,6- 
diazabicyclo3.2.1]octane-2-carboxamide (i.e., the com 
pound of Example 14, or Compound 14) or a pharmaceuti 
cally acceptable salt thereof. 
0.174 Another embodiment of the present invention is 
Compound I in the form of a crystalline monohydrate. The 
crystalline monohydrate has the XRPD pattern shown in FIG. 
1 and the DSC curve shown in FIG. 2. The crystalline mono 
hydrate can be prepared as described in Part A in Example 1D. 
In one embodiment, the crystalline monohydrate is charac 
terized by an X-ray powder diffraction pattern obtained using 
copper K radiation (i.e., the radiation source is a combination 
of Cu K, and K radiation) which comprises 20 values 
(i.e., reflections at 20 values) in degrees of about 15.6, 17.4 
and 20.4. In this embodiment, and any analogous embodi 
ments which follow, the term “about' is understood to modify 
each of the 20 values. In another embodiment, the crystalline 
monohydrate is characterized by an X-ray powder diffraction 
pattern obtained using copper K radiation which comprises 
20 values in degrees of about 15.6, 17.4, 20.4, 24.0, 26.3 and 
29.3. In still another embodiment the crystalline monohy 
drate is characterized by an X-ray powder diffraction pattern 
obtained using copper K, radiation which comprises 20 val 
ues in degrees of about 13.5, 15.5, 15.6, 17.4, 18.7, 19.7, 20.4, 
21.7, 22.6, 24.0, 24.3, 25.9, 26.3, 26.6, 27.0, 27.5, 29.3, 30.0, 
31.3, 32.4, 32.9, 33.1, 34.0, 34.7, 35.5 and 38.9. 
0.175. In still another embodiment, the crystalline mono 
hydrate of Compound 1 is characterized by the PDF trace 
derived from its X-ray diffraction pattern shown in FIG. 1. 
The PDF trace provides a fingerprint of the inter-atomic dis 
tances that define the crystalline monohydrate. A PDF trace 
can be obtained in the manner described in WO 2005/082050. 
In one aspect of this embodiment, the crystalline monohy 
drate is characterized by the parts of the PDF trace corre 
sponding to the 20 values in degrees of about 15.6, 17.4 and 
20.4 in the XRPD. In another aspect of this embodiment, the 
crystalline monohydrate is characterized by the parts of the 
PDF trace corresponding to the 20 values in degrees of about 
15.6, 17.4, 20.4, 24.0, 26.3 and 29.3 in the XRPD. In still 
another aspect of this embodiment, the crystalline monohy 
drate is characterized by the parts of the PDF trace corre 
sponding to the 20 values in degrees of about 13.5, 15.5, 15.6, 
17.4, 18.7, 19.7, 20.4, 21.7, 22.6, 24.0, 24.3, 25.9, 26.3, 26.6, 
27.0, 27.5, 29.3, 30.0, 31.3, 32.4, 32.9, 33.1, 34.0, 34.7, 35.5 
and 38.9 in the XRPD. 
0176 The term “about’, when modifying the quantity 
(e.g., kg, L, or equivalents) of a Substance or composition, or 
the value of a physical property, or the value of a parameter 
characterizing a process step (e.g., the temperature at which a 
process step is conducted), or the like refers to variation in the 
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numerical quantity that can occur, for example, through typi 
cal measuring, handling and sampling procedures involved in 
the preparation, characterization and/or use of the Substance 
or composition; through inadvertent error in these proce 
dures; through differences in the manufacture, Source, or 
purity of the ingredients employed to make or use the com 
positions or carry out the procedures; and the like. In the 
particular case of the 20 values in degrees in an XRPD 
described herein, the term “about' typically means the value 
0.1. 

0177. Another embodiment of the present invention is a 
compound of Formula I, or a pharmaceutically acceptable salt 
thereof, as originally defined or as defined in any of the 
foregoing embodiments, Sub-embodiments, aspects, classes 
or sub-classes, wherein the compound or its salt is in a Sub 
stantially pure form. As used herein “substantially pure' 
means suitably at least about 60 wt.%, typically at least about 
70 wt.%, preferably at least about 80 wt.%, more preferably 
at least about 90 wt.% (e.g., from about 90 wt.% to about 99 
wt.%), even more preferably at least about 95 wt.% (e.g., 
from about 95 wt.% to about 99 wt.%, or from about 98 wt. 
% to 100 wt.%), and most preferably at least about 99 wt.% 
(e.g., 100 wt.%) of a product containing a compound of 
Formula I or its salt (e.g., the product isolated from a reaction 
mixture affording the compound or salt) consists of the com 
pound or salt. The level of purity of the compounds and salts 
can be determined using a standard method of analysis Such 
as thin layer chromatography, gel electrophoresis, high per 
formance liquid chromatography, and/or mass spectrometry. 
If more than one method of analysis is employed and the 
methods provide experimentally significant differences in the 
level of purity determined, then the method providing the 
highest level of purity governs. A compound or salt of 100% 
purity is one which is free of detectable impurities as deter 
mined by a standard method of analysis. With respect to a 
compound of the invention which has one or more asymmet 
ric centers and can occur as mixtures of stereoisomers, a 
Substantially pure compound can be either a Substantially 
pure mixture of the stereoisomers or a Substantially pure 
individual diastereomer or enantiomer. 

0178. Other embodiments of the present invention include 
the following: 
0179 (a) A pharmaceutical composition comprising an 
effective amount of a compound of Formula I as defined 
above, or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 
0180 (b) The pharmaceutical composition of (a), further 
comprising an effective amount of a B-lactam antibiotic. 
0181 (c) The pharmaceutical composition of (b), wherein 
the beta-lactam antibiotic is selected from the group consist 
ing of imipenem, ertapenem, meropenem, doripenem, biap 
enem, panipenem, ticarcillin, amplicillin, amoxicillin, carbe 
nicillin, piperacillin, azlocillin, mezlocillin, ticarcillin, 
cefoperaZone, cefotaxime, ceftriaxone, and ceftazidime. 
0182 (d) The pharmaceutical composition of (b), wherein 
the B-lactam antibiotic is imipenem. 
0183 (e) The pharmaceutical composition of (b), wherein 
the B-lactam antibiotic is ceftazidime. 
0184 (f) The pharmaceutical composition of (b), wherein 
the B-lactam antibiotic is piperacillin. 
0185 (g) The pharmaceutical composition of (a), further 
comprising effective amounts of a B-lactam antibiotic and a 
DHP inhibitor. 
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0186 (h) The pharmaceutical composition of (g), wherein 
the beta-lactamantibiotic is imipenem, and the DHP inhibitor 
is cilastatin or a pharmaceutically acceptable salt thereof. 
0187 (i) A combination of effective amounts of a com 
pound of Formula I as defined above, or a pharmaceutically 
acceptable salt thereof, and a B-lactam antibiotic. 
0188 (j) The combination of (i), wherein the beta-lactam 
antibiotic is selected from the group consisting of imipenem, 
ertapenem, meropenem, doripenem, biapenem, panipenem, 
ticarcillin, amplicillin, amoxicillin, carbenicillin, piperacillin, 
aZlocillin, meZlocillin, ticarcillin, cefoperaZone, cefotaxime, 
ceftriaxone, and ceftazidime. 
0189 (k) The combination of (i), wherein the f-lactam 
antibiotic is imipenem. 
0.190 (1) The combination of (i), wherein the f-lactam 
antibiotic is ceftazidime. 
0191 (m) The combination of (i), wherein the f-lactam 
antibiotic is piperacillin. 
0.192 (n) A combination of effective amounts of a com 
pound of Formula I as defined above, or a pharmaceutically 
acceptable salt thereof, a B-lactam antibiotic and a DHP 
inhibitor. 
0193 (o) The combination of (n), wherein the beta-lactam 
antibiotic is imipenem, and the DHP inhibitor is cilastatin or 
a pharmaceutically acceptable salt thereof. 
0194 (p) A method for treating a bacterial infection which 
comprises administering to a subject in need of Such treat 
ment a therapeutically effective amount of a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, 
optionally in combination with an effective amount of a beta 
lactam antibiotic. 
0.195 (q) A method for treating a bacterial infection which 
comprises administering to a subject in need of Such treat 
ment a therapeutically effective amount of a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, in 
combination with effective amounts of a beta-lactam antibi 
otic and a DHP inhibitor. 
0.196 (r) A method for treating a bacterial infection which 
comprises administering to a subject in need of Such treat 
mentatherapeutically effective amount of the composition of 
(a), (b), (c), (d), (e), (f), (g) and (h). 
0.197 (s) A method for treating a bacterial infection which 
comprises administering to a subject in need of Such treat 
ment a therapeutically effective amount of the combination 
(i), (), (k), (1), (m), (n) and (o). 
0198 (t)The method of treating a bacterial infection as set 
forth in (p), (q). (r), or (s), wherein the bacterial infection is 
due to Pseudomonas spp. or Klebsiella spp. 
0199 The present invention also includes a compound of 
Formula I, or a pharmaceutically acceptable salt thereof (i) 
for use in, (ii) for use as a medicament for, or (iii) for use in the 
preparation (or manufacture) of a medicament for treating 
bacterial infection. In these uses, the compounds of the 
present invention can optionally be employed in combination 
with one or more B-lactam antibiotics and/or one or more 
DHP inhibitors. 
0200. Additional embodiments of the invention include 
the pharmaceutical compositions, combinations and methods 
set forthin (a)-(t) above and the uses set forth in the preceding 
paragraph, wherein the compound of the present invention 
employed therein is a compound of one of the embodiments, 
Sub-embodiments, classes or Sub-classes described above. 
The compound may optionally be used in the form of a 
pharmaceutically acceptable salt in these embodiments. 
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0201 Additional embodiments of the present invention 
include each of the pharmaceutical compositions, combina 
tions, methods and uses set forth in the preceding paragraphs, 
wherein the compound of the present invention or its salt 
employed therein is substantially pure. With respect to a 
pharmaceutical composition comprising a compound of For 
mula I or its salt and a pharmaceutically acceptable carrier 
and optionally one or more excipients, it is understood that 
the term “substantially pure' is in reference to a compound of 
Formula I or its salt per se; i.e., the purity of the active 
ingredient in the composition. As used herein, the term 
“alkyl refers to a monovalent straight or branched chain, 
saturated aliphatic hydrocarbon radical having a number of 
carbonatoms in the specified range. Thus, for example, "Cs 
alkyl (or "C-C alkyl) refers to any of the octyl, heptyl, 
hexyl and pentyl alkyl isomers as well as n-, iso-, sec- and 
t-butyl, n- and iso-propyl, ethyl and methyl. As another 
example, “C. alkyl” (or "C-C alkyl) refers to any of the 
hexyl and pentyl alkyl isomers as well as n-, iso-, sec- and 
t-butyl, n- and iso-propyl, ethyl and methyl. As another 
example, "Calkyl refers to n-, iso-, sec- and t-butyl, n- and 
isopropyl, ethyl and methyl. 
0202 The term “haloalkyl refers to an alkyl group as 
defined above in which one or more of the hydrogen atoms 
has been replaced with a halogen (i.e., F, Cl, Br and/or I). 
Thus, for example, “Chaloalkyl (or "C-C haloalkyl) 
refers to a C to C linear or branched alkyl group as defined 
above with one or more halogen substituents. The term “fluo 
roalkyl has an analogous meaning except that the halogen 
substituents are restricted to fluoro. Suitable fluoroalkyls 
include the series (CH2)CF (i.e., trifluoromethyl, 2.2.2- 
trifluoroethyl, 3,3,3-trifluoro-n-propyl, etc.). 
0203 The term “halogen' (or “halo') refers to fluorine, 
chlorine, bromine and iodine (alternatively referred to as 
fluoro, chloro, bromo, and iodo). 
0204 The term “cycloalkyl refers to any monovalent 
monocyclic ring of an alkane having a number of carbon 
atoms in the specified range. Thus, for example, "Cas 
cycloalkyl (or "C-C cycloalkyl) refers to cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and 
cyclononyl, and “C, cycloalkyl refers to cyclobutyl, cyclo 
pentyl, cyclohexyl, and cycloheptyl. 
0205 The term “C(O)” refers to carbonyl. The terms 
“S(O), and “SO,” each refer to sulfonyl. The term “S(O)” 
refers to sulfinyl. 
0206. The symbol “*” at the end of a bond refers to the 
point of attachment of a functional group or other chemical 
moiety to the rest of the molecule of which it is a part. 
0207. Unless expressly limited, the term “substituted” 
refers to single and multiple Substitution by a named Substitu 
ent to the extent Such single and multiple Substitution (includ 
ing multiple Substitution at the same site) is chemically 
allowed. Unless expressly stated to the contrary, substitution 
by a named Substituent is permitted on any atom in a ring 
(e.g., cycloalkyl, phenyl, a heteroaromatic ring, or a saturated 
heterocyclic ring) provided such ring Substitution is chemi 
cally allowed and results in a stable compound. It is under 
stood, however, that the degree of Substitution can be quali 
fied. For example, the expression “optionally substituted with 
a total of from 1 to 4 substituents selected from Zero to 2 
N(R)R’ and Zero to 2 R” means that there can optionally be 
4 substituents in total with a maximum of 2 N(R')R’ sub 
stituents and a maximum of 2R groups. As another example, 
the expression 'Ary A is neither unsubstituted phenyl nor 
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phenyl substituted with 1 or 2 N(R')R” means AryA is not 
phenyl, phenyl mono-substituted with N(R)R’, or phenyl 
di-substituted with N(R')R’, and otherwise AryA is as else 
where defined. 

0208. HetA is defined herein to be a 4- to 9-membered 
saturated or mono-unsaturated heterocyclic ring containing 
from 1 to 3 heteroatoms independently selected from N, O 
and S, wherein the ring is optionally fused with a C-7 
cycloalkyl. Saturated heterocyclic rings Suitable for use as 
HetA include, for example, aZetidinyl, piperidinyl, morpholi 
nyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl, oxazo 
lidinyl, isoxazolidinyl, pyrrolidinyl, imidazolidinyl, piperazi 
nyl, tetrahydrofuranyl, tetrahydrothienyl, pyrazolidinyl, 
hexahydropyrimidinyl, thiazinanyl, thiazepanyl, azepanyl. 
diazepanyl, azocanyl ( octahydroazocinyl), azonanyl ( oc 
tahydro-1H-azoninyl), tetrahydropyranyl, tetrahydrothiopy 
ranyl, and dioxanyl. Suitable mono-unsaturated heterocyclic 
rings include, for example, rings corresponding to the satu 
rated rings set forth in the preceding sentence except that they 
contain a double bond (e.g., a carbon-carbon double bond). 
Saturated heterocyclic rings fused with a cycloalkyl suitable 
for use as HetA include, for example, 

: –(O. 
0209 HetB is defined herein to be an optionally substi 
tuted heteroaromatic ring containing from 1 to 4 heteroatoms 
selected from 1 to 3 Natoms, Zero or 1 O atom, and Zero or 1 
Satom, wherein the heteroaromatic ring is optionally fused 
with a 5- to 7-membered, Saturated heterocyclic ring contain 
ing 1 or 2 heteroatoms independently selected from N, O and 
S, wherein any ring S is optionally oxidized to S(O) or S(O), 
and either 1 or 2 non-fused ring carbons are optionally oxi 
dized to C(O). Heteroaromatic rings suitable for use as HetB 
include, for example, pyridyl (also referred to as pyridinyl), 
pyrrolyl pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl, imi 
dazolyl pyrazolyl, triazolyl, oxazolyl, isooxazolyl, oxadiaz 
olyl, oXatriazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. 
Fused rings suitable for use as HetB include, for example, 

N 21 

S NH and N 
: N 

0210. Unless expressly stated to the contrary in a particu 
lar context, any of the various cyclic rings and ring systems 
described herein may be attached to the rest of the compound 
at any ring atom (i.e., any carbon atom or any heteroatom) 
provided that a stable compound results. 
0211 Unless expressly stated to the contrary, all ranges 
cited herein are inclusive. For example, a heteroaromatic ring 
described as containing from “1 to 4 heteroatoms” means the 
ring can contain 1, 2, 3 or 4 heteroatoms. It is also to be 
understood that any range cited herein includes within its 
Scope all of the Sub-ranges within that range. Thus, for 
example, a heterocyclic ring described as containing from "1 
to 4 heteroatoms” is intended to include as aspects thereof, 
heterocyclic rings containing 2 to 4 heteroatoms, 3 or 4 het 
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eroatoms, 1 to 3 heteroatoms, 2 or 3 heteroatoms, 1 or 2 
heteroatoms, 1 heteroatom, 2 heteroatoms, 3 heteroatoms, 
and 4 heteroatoms. 

0212. When any variable (e.g., R or R”) occurs more than 
one time in any constituent or in Formula I or in any other 
formula depicting and describing compounds of the present 
invention, its definition on each occurrence is independent of 
its definition at every other occurrence. Also, combinations of 
substituents and/or variables are permissible only if such 
combinations result in stable compounds. 
0213. A “stable' compound is a compound which can be 
prepared and isolated and whose structure and properties 
remain or can be caused to remain essentially unchanged for 
a period of time sufficient to allow use of the compound for 
the purposes described herein (e.g., therapeutic administra 
tion to a subject). The compounds of the present invention are 
limited to stable compounds embraced by Formula I. 
0214. The compounds of the present invention have at 
least two asymmetric centers and can have one or more addi 
tional centers as a result of the presence of certain Substituents 
and/or Substituent patterns. Accordingly, compounds of the 
invention can occur as mixtures of stereoisomers, or as indi 
vidual diastereomers, or enantiomers. All isomeric forms of 
these compounds, whether individually or in mixtures, are 
within the scope of the present invention. 
0215. The term “compound” refers to the free compound 
and, to the extent they are stable, any hydrate or Solvate 
thereof. A hydrate is the compound complexed with water, 
and a Solvate is the compound complexed with an organic 
solvent. 

0216. As indicated above, the compounds of the present 
invention can be employed in the form of pharmaceutically 
acceptable salts. The term “pharmaceutically acceptable salt 
refers to a salt which possesses the effectiveness of the parent 
compound and which is not biologically or otherwise unde 
sirable (e.g., is neither toxic nor otherwise deleterious to the 
recipient thereof). A suitable pharmaceutically acceptable 
salt is a salt formed by treating the compound of the invention 
(e.g., a compound of Formula I) with one molar equivalent of 
a mild base (e.g., Sodium carbonate, Sodium bicarbonate, 
potassium bicarbonate, or sodium acetate). In this case, M is 
a cation, such as Na" in the event of treatment with a sodium 
base. 

0217. When Mis H(e.g., R is OSOH) and the compound 
of the invention contains an internal base which is capable of 
being protonated (e.g., R' contains a basic nitrogen), it is 
understood that the compound might exist in a form in which 
the internal base is completely protonated by M-H such that 
R possesses a negative charge (e.g., R =OSOs) and the 
internal base has a positive charge, or is partially protonated 
such that R possesses a partial negative charge, or is not 
protonated. Similarly, when M is Hand the compound of the 
invention contains two or more internal bases which are 
capable of being protonated (e.g., R' contains two or more 
basic nitrogens), it is understood that the compound might 
existina form in which one or another of the internal bases is 
completely protonated by M-H or that two or more of the 
internal bases are each sufficiently protonated such that R 
possesses a negative charge, or that one or more of the bases 
is partially protonated such that R possesses a partial nega 
tive charge, or that none of the bases is protonated. The 
present invention includes all Such forms of the compound. 
While these compounds can be in the form of an internal salt 
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(i.e., a Zwitterion), they are considered herein compounds of 
the invention, not pharmaceutically acceptable salts thereof. 
0218. On the other hand, for a compound of the invention 
which contains an internal base (e.g., R' contains a basic 
nitrogen), a pharmaceutically acceptable salt is a salt formed 
by treatment of the compound with a suitable amount of an 
acid (e.g., hydrochloric acid, trifluoroacetic acid, methane 
sulfonic acid, or the like) such that the internal base is proto 
nated by the acid with the positive charge of the protonated 
base balanced by a negative counterion (e.g., chloride, trif 
luoride, methanesulfonate, or the like). For compounds of the 
invention containing two internal bases (e.g., R' contains two 
basic nitrogens), another pharmaceutically acceptable salt is 
a salt formed by treatment of the compound with a suitable 
amount of acid Such that one of the internal bases is proto 
nated by the Sulfonic acid group present in the molecule (i.e., 
R has a negative charge) and the other is protonated by the 
acid with the positive charge of the protonated basebalanced 
by a Suitable negative counterion. Still another pharmaceuti 
cally acceptable salt for compounds of the invention contain 
ing two internal bases can be obtained by treating the com 
pound with Sufficient acid (e.g., Sulfuric acid, HCl, 
methanesolufonic acid, or TFA) such that the sulfonic acid 
group present in the molecule remains protonated (i.e., MH) 
and the internal bases are protonated and have associated 
therewith a Suitable negative counterion (e.g., Sulfonate). As 
is clear from the foregoing, the precise nature and type of 
pharmaceutically acceptable salt which can be obtained will 
depend upon the nature of the specific compound being 
treated (e.g., the presence or absence of basic nitrogens in R') 
and the treatment conditions employed; e.g., it will depend 
upon the choice and amount of the acid or base with which the 
compound is treated, the pH of the treating media, the amount 
and choice of buffer (if any), and the like. It is understood that 
the present invention encompasses all types and forms of 
pharmaceutically acceptable salts of the compounds of the 
present invention. 
0219. As set forth above, the present invention includes 
pharmaceutical compositions comprising a compound of 
Formula I of the present invention, optionally one or more 
other active components (e.g., a B-lactam antibiotic), and a 
pharmaceutically acceptable carrier. The characteristics of 
the carrier will depend on the route of administration. By 
“pharmaceutically acceptable' is meant that the ingredients 
of the pharmaceutical composition must be compatible with 
each other, do not interfere with the effectiveness of the active 
ingredient(s), and are not deleterious (e.g., toxic) to the 
recipient thereof. Thus, compositions according to the inven 
tion may, in addition to the inhibitor, contain diluents, fillers, 
salts, buffers, stabilizers, solubilizers, and other materials 
well known in the art. 

0220 Also as set forth above, the present invention 
includes a method for treating a bacterial infection which 
comprises administering to a subject in need of Such treat 
ment a therapeutically effective amount of a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, 
optionally in combination with a beta-lactam antibiotic and/ 
or a DHP inhibitor. The term “subject' (or, alternatively, 
“patient') as used herein refers to an animal, preferably a 
mammal, most preferably a human, who has been the object 
of treatment, observation or experiment. The term “adminis 
tration' and variants thereof (e.g., “administering a com 
pound) in reference to a compound of Formula I mean pro 
viding the compound, or a pharmaceutically acceptable salt 
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thereof, to the individual in need of treatment. When a com 
pound or a salt thereof is provided in combination with one or 
more other active agents (e.g., a carbapenem antibiotic or a 
DHP inhibitor or both), “administration' and its variants are 
each understood to include provision of the compound or its 
salt and the other agents at the same time or at different times. 
When the agents of a combination are administered at the 
same time, they can be administered together in a single 
composition or they can be administered separately. It is 
understood that a “combination of active agents can be a 
single composition containing all of the active agents or mul 
tiple compositions each containing one or more of the active 
agents. In the case of two active agents a combination can be 
either a single composition comprising both agents or two 
separate compositions each comprising one of the agents; in 
the case of three active agents a combination can be either a 
single composition comprising all three agents, three separate 
compositions each comprising one of the agents, or two com 
positions one of which comprises two of the agents and the 
other comprises the third agent; and so forth. 
0221) The compositions and combinations of the present 
invention are suitably administered in effective amounts. The 
term “effective amount’ as used herein means that amount of 
active compound or pharmaceutical agent that elicits the bio 
logical or medicinal response in a tissue, system, animal or 
human that is being sought by a researcher, Veterinarian, 
medical doctor or other clinician. In one embodiment, the 
effective amount is a “therapeutically effective amount” for 
the alleviation of the symptoms of the disease or condition 
being treated (e.g., the healing of conditions associated with 
bacterial infection, and/or bacterial drug resistance). In 
another embodiment, the effective amount is a “prophylacti 
cally effective amount for prophylaxis of the symptoms of 
the disease or condition being prevented. The term also 
includes herein the amount of active compound Sufficient to 
inhibit B-lactamase and thereby elicit the response being 
sought (i.e., an “inhibition effective amount'). When the 
active compound (i.e., active ingredient) is administered as 
the salt, references to the amount of active ingredient are to 
the free acid or free base form of the compound. 
0222. The administration of a composition of the present 
invention is Suitably parenteral, oral, Sublingual, transdermal, 
topical, intranasal, intratracheal, or intrarectal, wherein the 
composition is suitably formulated for administration by the 
selected route using formulation methods well known in the 
art, including, for example, the methods for preparing and 
administering formulations described in chapters 39, 41, 42. 
44 and 45 in Remington—The Science and Practice of Phar 
macy, 21 edition, 2006. In one embodiment, compounds of 
the invention are administered intravenously in a hospital 
setting. In another embodiment, administration is oral in the 
form of a tablet or capsule or the like. When administered 
systemically, a therapeutic composition is Suitably adminis 
tered at a sufficient dosage to attain a blood level of inhibitor 
of at least about 1 microgram/mL, preferably about 10 micro 
grams/mL, and more preferably about 25 micrograms/mL. 
For localized administration, much lower concentrations than 
this may be effective, and much higher concentrations may be 
tolerated. 

0223 Intravenous administration of a compound of the 
invention can be conducted by reconstituting a powdered 
form of the compound with an acceptable solvent. Suitable 
Solvents include, for example, Saline solutions (e.g., 0.9% 
Sodium Chloride Injection) and sterile water (e.g., Sterile 
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Water for Injection, Bacteriostatic Water for Injection with 
methylparaben and propylparaben, or Bacteriostatic Water 
for Injection with 0.9% benzyl alcohol). The powdered form 
of the compound can be obtained by gamma-irradiation of the 
compound or by lyophilization of a solution of the compound, 
after which the powder can be stored (e.g., in a sealed vial) at 
or below room temperature until it is reconstituted. The con 
centration of the compound in the reconstituted IV solution 
can be, for example, in a range of from about 0.1 mg/mL to 
about 20 mg/mL. 
0224. The present invention also includes a method for 
inhibiting bacterial growth which comprises administering to 
a bacterial cell culture, or to a bacterially infected cell culture, 
tissue, or organism, an inhibition effective amount of a com 
pound of Formula I. Additional embodiments of the invention 
include the bacterial growth inhibiting method just described, 
wherein the compound of the present invention employed 
therein is a compound of one of the embodiments, Sub-em 
bodiments or classes described above. The compound may 
optionally be used in the form of a pharmaceutically accept 
able salt in these embodiments. The method can involve 
administration of a compound of Formula I to an experimen 
tal cell culture in vitro to prevent the growth of B-lactam 
resistant bacteria. The method can alternatively involve 
administration of a compound of Formula I to an animal, 
including a human, to prevent the growth of B-lactam resis 
tant bacteria in vivo. In these cases the compound of Formula 
I is typically co-administered with a B-lactam antibiotic. 
0225 Compounds of the invention can be employed for 
the treatment, prophylaxis or inhibition of bacterial growth or 
infections due to bacteria that are resistant to B-lactam anti 
biotics. More particularly, the bacteria can be f-lactamase 
positive strains that are highly resistant to B-lactam antibiot 
ics. The terms "slightly resistant” and “highly resistant are 
well-understood by those of ordinary skill in the art (see, e.g., 
Payne et al., Antimicrobial Agents and Chemotherapy 
38:767-772 (1994); Hanaki et al., Antimicrobial Agents and 
Chemotherapy 30:11.20-11.26 (1995)). For the purposes of 
this invention, bacterial strains which are highly resistant to 
imipenem are those against which the MIC of imipenem is 
>16 ug/mL, and bacterial strains which are slightly resistant 
to imipenem are those against which the MIC of imipenem is 
>4 g/mL. 
0226 Compounds of the invention can be used in combi 
nation with antibiotic agents for the treatment of infections 
caused by Class C-B-lactamase producing strains, in addition 
to those infections which are subsumed within the antibacte 
rial spectrum of the antibiotic agent. Examples of class C-B- 
lactamase producing bacteria are Pseudomonas aeruginosa, 
Enterobacter cloacae, Klebsiella pneumoniae, Escherichia 
coli and Acinetobacter baumannii. 
0227. It is generally advantageous to use a compound of 
Formula I in admixture or conjunction with a carbapenem, 
penicillin, cephalosporin, or other B-lactam antibiotic, or a 
prodrug thereof. It is advantageous to use a compound of 
Formula I in combination with one or more B-lactam antibi 
otics because of the class C B-lactamase inhibitory properties 
of the compounds. As already noted, the compound of For 
mula I and the B-lactam antibiotic can be administered sepa 
rately (at the same time or as different times) or in the form of 
a single composition containing both active ingredients. 
0228 Carbapenems, penicillins, cephalosporins and other 
B-lactam antibiotics suitable for use in the present invention 
include both those known to show instability to or to be 



US 2013/0274475 A1 

otherwise Susceptible to class C-B-lactamases and also 
known to have a degree of resistance to class C B-lactamase. 
0229 When the compounds of Formula I are combined 
with a carbapenem antibiotic, a dehydropeptidase (DHP) 
inhibitor can also be combined. Many carbapenems are sus 
ceptible to attack by a renal enzyme known as DHP. This 
attack or degradation may reduce the efficacy of the carbap 
enemantibacterial agent Inhibitors of DHP and their use with 
carbapenems are disclosed in, e.g., U.S. Pat. No. 4,539,208, 
U.S. Pat. No. 4,616,038, U.S. Pat. No. 4,880,793 and U.S. 
Pat. No. 5,071,843. A preferred DHP inhibitor is 7-(L-2- 
amino-2-carboxyethylthio)-2-(2,2-dimethylcyclopropan 
ecarboxamide)-2-heptenoic acid or a pharmaceutically 
acceptable salt thereof. 
0230 Carbapenems suitable for co-administration with 
compounds of the present invention include imipenem, mero 
penem, biapenem, (4R.5S,6S)-3-3S,5S)-5-(3-carboxyphe 
nyl-carbamoyl)pyrrolidin-3-ylthio)-6-(1R)-1-hydroxy 
ethyl-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid, (1S,5R,6S)-2-(4-(2-(((carbamoylmethyl)-1, 
4-diazoniabicyclo[2.2.2]oct-1-yl)-ethyl(1,8-naphthosultam) 
methyl)-6-1 (R)-hydroxyethyl-1-methylcarbapen-2-em-3- 
carboxylate chloride, BMS181139 (4R-4alpha.5beta,6beta 
(R*)-4-2-(aminoiminomethyl)aminoethyl-3-(2- 
cyanoethyl)thio)-6-(1-hydroxyethyl)-7-oxo-1-azabicyclo3. 
2.0]hept-2-ene-2-carboxylic acid), BO2727 (4R-33S*,5S* 
(R), 4alpha,5beta,6beta(R)-6-(1-hydroxyethyl)-3-5- 
1-hydroxy-3-(methylamino)propyl-3-pyrrolidinylthiol-4- 
methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic 
acid monohydrochloride), E 1010 ((1R,5S,6S)-6-1(R)-hy 
droxymethyl-2-2(S)-1(R)-hydroxy-1-pyrrolidin-3 (R)-yl) 
methylpyrrolidin-4-(S)-ylsulfanyl-1-methyl-1-carba-2- 
penem-3-carboxylic acid hydrochloride) and S4661 ((1R,5S, 
6S)-2-(3S,5S)-5-(sulfamoylaminomethyl) pyrrolidin-3-yl) 
thio-6-(1R)-1-hydroxyethyl-1-methylcarbapen-2-em-3- 
carboxylic acid), (1S,5R,6S)-1-methyl-2-7-4- 
(aminocarbonylmethyl)-1,4-diazoniabicyclo(2.2.2)octan 
1yl-methyl-fluoren-9-on-3-yl)-6-(1R-hydroxyethyl)- 
carbapen-2-em-3 carboxylate chloride. 
0231 Penicillins suitable for co-administration with com 
pounds of the present invention include benzylpenicillin, 
phenoxymethylpenicillin, carbenicillin, azidocillin, propicil 
lin, amplicillin, amoxicillin, epicillin, ticarcillin, cyclacillin, 
pirbenicillin, azlocillin, mezlocillin, sulbenicillin, piperacil 
lin, and other known penicillins. The penicillins may be used 
in the form of pro-drugs thereof; for example as in vivo 
hydrolysable esters, for example the acetoxymethyl, pivaloy 
loxymethyl, C.-ethoxycarbonyloxy-ethyl and phthalidyl 
esters of amplicillin, benzylpenicillin and amoxicillin; as 
aldehyde or ketone adducts of penicillins containing a 6-O- 
aminoacetamido side chain (for example hetacillin, metampi 
cillin and analogous derivatives of amoxicillin); and as esters 
of carbenicillin and ticarcillin, for example the phenyl and 
indanyl C-esters. 
0232 Cephalosporins suitable for co-administration with 
compound of the present invention include cefatrizine, 
cephaloridine, cephalothin, cefazolin, cephalexin, ceph 
acetrile, cephapirin, cephamandole nafate, cephradine, 4-hy 
droxycephalexin, cephaloglycin, cefoperaZone, cefsulodin, 
ceftazidime, cefuroxime, cefimetazole, cefotaxime, ceftriax 
one, and other known cephalosporins, all of which may be 
used in the form of pro-drugs thereof. 
0233 -Lactam antibiotics other than penicillins and 
cephalosporins that may be co-administered with compounds 
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of the present invention include aztreonam, latamoxef 
(Moxalactam-trade mark), and other known B-lactam antibi 
otics such as carbapenems like imipenem, meropenem or 
(4R,5S,6S)-3-((3S,5S)-5-(3-carboxyphenylcarbamoyl)pyr 
rolidin-3-ylthio-6-(1R)-1-hydroxyethyl-4-methyl-7-oxo 
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, all of 
which may be used in the form of pro-drugs thereof. 
0234. In one embodiment, the antibiotic co-administered 
with a compound of the present invention is selected from the 
group consisting of imipenem, meropenem and (4R5S,6S)- 
3-((3S,5S)-5-(3-carboxyphenylcarbamoyl)pyrrolidin-3- 
ylthio)-6-(1R)-1-hydroxyethyl-4-methyl-7-oxo-1-azabicy 
clo3.2.0]hept-2-ene-2-carboxylic acid. 
0235. In another embodiment, the antibiotic co-adminis 
tered with a compound of the present invention is selected 
from the group of penicillins consisting of amplicillin, amox 
icillin, carbenicillin, piperacillin, azlocillin, mezlocillin, and 
ticarcillin. Such penicillins can optionally be used in the form 
of their pharmaceutically acceptable salts, for example their 
Sodium salts. Ampicillin or amoxicillin can alternatively be 
employed in the form offine particles of the Zwitterionic form 
(generally as amplicillin trihydrate or amoxicillin trihydrate) 
for use in an injectable or infusable Suspension. In an aspect 
of this embodiment, the penicillin co-administered with a 
compound of the present invention is amoxicillin, optionally 
in the form of its sodium salt or the trihydrate. 
0236. In another embodiment, the antibiotic co-adminis 
tered with a compound of the present invention is selected 
from the group of cephalosporins consisting of cefotaxime, 
ceftriaxone and ceftazidime, which are optionally used in the 
form of their pharmaceutically acceptable salts, for example 
their sodium salts. 

0237 When co-administered with a B-lactam antibiotic, 
the combination of the compound of the invention and the 
antibiotic can provide a a synergistic effect. The terms "syn 
ergistic effect” and “synergy” indicate that the effect pro 
duced when two or more drugs are co-administered is greater 
than would be predicted based on the effect produced when 
the compounds are administered individually. While not 
wishing to be bound by theory, it is believed that the com 
pounds of the present invention are B-lactamase inhibitors 
that act to prevent degradation of B-lactam antibiotics, 
thereby enhancing their efficacy and producing a synergistic 
effect. 

0238 Abbreviations employed herein include the follow 
ing: acac-acetylacetonate; AIBN=2,2-azobisisobutyroni 
trile; BLI-beta-lactamase inhibitor; Bn-benzyl; BOC (or 
Boc)=t-butyloxycarbonyl; BOC-ON=2-(tert-butoxycarbo 
nyloxyamino)-2-phenyl acetonitrile; BOC-OSN=N-tert-bu 
toxycarbonyloxy)succinimide: BOP-benzotriazol-1-yloxy) 
tris(dimethylamino)phosphonium hexafluorophosphate: 
BSA=bovine serum albumin; CBZ (or Cbz) carbobenzoxy 
(alternatively, benzyloxycarbonyl); COD-cyclooctadieneyl; 
DBU=1,8-diazabicyclo[5.4.0]undec-7-ene; 
DCC-dicyclohexylcarbodiimide; DCE=1,2-dichloroethane: 
DCM-dichloromethane; DIPEA-diisopropylethylamine (or 
Hunig's base); DMAC-N,N-dimethylacetamide; DMAP-4- 
dimethylaminopyridine N,N-dimethylaminopyridine: 
DME=1,2-dimethoxyethane; DMF=N,N-dimethylforma 
mide: DMSO-dimethyl sulfoxide: EDC=1-ethyl-3-(3-dim 
ethylaminopropyl) carbodiimide; DSC-differential scanning 
calorimetry; Et=ethyl: EtOAc=ethyl acetate; 
HMDS-hexamethyldisilazide: HOBT=1-hydroxy benzot 
riazole: HOPO-2-hydroxypyridine-N-oxide: HPLC-high 
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performance liquid chromatography; IPA isopropyl alcohol; 
IPAc-isopropyl acetate; i-Prisopropyl; LC/MS-liquid 
chromatography/mass spectrometry; Me-methyl: 
MHBII=Mueller Hinton Broth type II; MIC=minimum 
inhibitory concentration; MSA methanesulfonic acid; 
NMP-N-methylpyrrolidinone; PG-protective group: 
Ph phenyl; TEA triethylamine; TFA trifluoroacetic acid; 
TFE=2.2.2-trifluoroethaonol: THF-tetrahydrofuran: 
TLC-thin layer chromatography; TSB-trypticase soy broth; 
TsOH-p-toluenesulfonic acid; XRPD=X-ray powder dif 
fraction. 

0239. The compounds of the present invention can be 
readily prepared according to the following reaction schemes 
and examples, or modifications thereof, using readily avail 
able starting materials, reagents and conventional synthesis 
procedures including, for example, procedures described in 
U.S. Pat. No. 7,112,592. In these reactions, it is also possible 
to make use of variants which are themselves known to those 
of ordinary skill in this art, but are not mentioned in greater 
detail. Furthermore, other methods for preparing compounds 
of the invention will be readily apparent to the person of 
ordinary skill in the art in light of the following reaction 
schemes and examples. Unless otherwise indicated, all vari 
ables are as defined above. 

0240 Carboxamide compounds of the present invention 
in which a is a single bond and X is (CH) can be prepared 
as depicted in Scheme 1: 

HOC 
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-continued 
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0241 The bicyclic intermediate A can be obtained as 
described in U.S. Pat. No. 7,112,592 or via routine modifica 
tions thereof. The side chain can be attached by the reaction of 
acid A with amine B (wherein if necessary the amine incor 
porates a protective group) under standard amide formation 
conditions known in the art. For example, a solution of acid A 
and amine B (1-2 molar equivalents) in solvent (e.g., a haloal 
kane such as dry dichloromethane or chloroform) can be 
stirred at room temperature while sequentially adding triethy 
lamine (1-2 equivalents), HOBT (1-2 equivalents), and EDC 
(1-2 equivalents) at room temperature under nitrogen. The 
resulting reaction mixture can then be stirred at room tem 
perature until the reaction is complete (e.g., in about 8 to 24 
hours), and then the reaction mixture can be concentrated 
under vacuum and the residue purified using column chroma 
tography on silica gel or HPLC to afford the amide C. Depro 
tection of the benzylic ether protecting group to afford inter 
mediate hydroxylactam D can be accomplished by 
hydrogenation or, in Some cases, by acid-catalyzed hydroly 
sis. For example, palladium on carbon (0.05-0.5 eq) can be 
added to a solution of the benzylic ether in a suitable solvent 
(e.g., an alcohol Such methanol or ethanol, an alkyl acetate 
such as EtOAc, or an ether such as THF) and the resulting 
mixture stirred under hydrogen (1-3 atmospheres) until reac 
tion is complete (e.g., about 1 to 24 hours) as determined by 
a suitable monitoring technique such as TLC or HPLC. Upon 
completion, hydroxylactam D can be isolated using conven 
tional techniques. For example, the reaction mixture can be 
filtered and the filtrate concentrated to provide a crude 
hydroxylactam D which in many cases can be employed 
directly in the next step without further purification. If further 
purification is necessary or desired, the crude hydroxylactam 
D can be purified by column chromatography on silica gel or 
by HPLC to afford pure hydroxylactam D. Sulfation of inter 
mediate D to afford the sulfate E can be accomplished using 
a Sulfating reagent in an appropriate solvent. Thus, Sulfur 
trioxide pyridine complex (2-10 equivalents) can be added to 
a solution of hydroxylactam D in an aprotic solvent (e.g., a 
tertiary amide such as pyridine, DMF, or DMAC) at room 
temperature. The resulting mixture can be stirred at room 
temperature until the reaction is complete (e.g., about 4 to 24 
hours) as monitored by HPLC or LC/MS. Additional sulfur 
trioxide pyridine complex can be added as necessary to drive 
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the reaction to completion. A purified reaction product can be 
obtained using conventional techniques such as by filtering 
the reaction mixture, concentrating the filtrate in vacuo, Sus 
pending the concentrate in a saturated aqueous potassium 
dihydrogenphosphate Solution, washing the aqueous solution 
with a suitable organic solvent (e.g., EtOAc), adding excess 
tetrabutylammonium hydrogen Sulfate to the aqueous layer, 
extracting the mixture with organic solvent(e.g., EtOAc 4x), 
combining the organic layers, drying the combined organics 
over Sodium Sulfate, and concentrating in vacuo to afford the 
tetrabutylammonium salt of intermediate E. In cases where 
there is no protective group in the side chain, the product of 
the sulfation reaction is a compound of Formula I of the 
present invention. When a protective group is incorporated in 
the amide side chain (e.g., a benzyl amine or ether, BOC 
amine, or a CBZamine), the group can be removed using a 
technique known in the art to afford the compound of formula 
I. More particularly, incompounds of Formula I containing an 
amino group in the side chain (e.g. R is aminoalkyl), the 
amino group is generally protected to avoid undesired side 
reactions during the synthesis. Protection can Suitably be 
accomplished through the use of BOC, CBZ, or a similar 
protective group. 
0242 Carboxylate compounds of the present invention in 
which a is a single bond and X is (CH) can be prepared as 
depicted in Scheme 2: 
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In Scheme 2, ester G is obtained by reacting bicyclic urea 
intermediate A with side chain alcohol F (wherein if neces 
sary the alcohol incorporates a protective group) in the pres 
ence of an esterifying reagent (e.g., 1-2 equivalents of DCC or 
EDC) in the presence of a catalyst (e.g., 0.05-0.25 equivalents 
of DMAP) in an aprotic solvent (e.g., an ether such as diethyl 
ether or THF or a haloalkane such as dichloromethane) at a 
temperature ranging from about 0° C. to 35° C. until the 
reaction is complete (e.g., about 1-24 hours) as monitored by 
TLC or HPLC. Intermediate G can then be converted to a 
compound of the present invention by a synthetic sequence 
(debenzylation, Sulfation, and side chain deprotection (if nec 
essary)) analogous to the one outlined in Scheme 1 for the 
synthesis of amide analogs. 
0243 Carboxamide compounds of the present invention 
in which a is a single bond and X is CH=CH (see T below) 
and those in which a is a double bond and X is CH (see W 
below) can be prepared as depicted in Scheme 3: 
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-continued 
O 
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R4 N 
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0244 As shown in Scheme 3, protected amino acid J can 
be coupled with amine B (1-2 molar equivalents) in solvent 
(e.g., a haloalkane Such as dry dichloromethane or chloro 
form) with stirring at room temperature while sequentially 
adding triethylamine (1-2 equivalents), HOBT (1-2 equiva 
lents), and EDC (1-2 equivalents) under nitrogen. The result 
ing reaction mixture can then be stirred at room temperature 
until the reaction is complete (e.g., in about 8 to 24 hours) and 
the intermediate amide recovered using known techniques 
(e.g., concentrating the reaction mixture under vacuum puri 
fying the residue using column chromatography on silica gel 
or HPLC). The BOC protective group can then be removed 
using methods well known in the art to afford an amine which 
can be reductively aminated with aldehyde L by reaction with 
a reducing agent Such as sodium cyanoborohydride (1-3 
molar equivalents) or the like at a temperature from 0°C. to 
room temperature in an alcohol solvent such as methanol, 
ethanol, or the like. The reaction mixture can be stirred until 
the reaction is complete (e.g., in about 1 to 24 hours), fol 
lowed by recovering of amine K using known techniques 
(e.g., concentrating the reaction mixture under vacuum and 
purifying the residue via chromatography). Amine K can then 
be acylated with M in the presence of a strong base such as 
DBU (~1 equivalent) or the like in an aromatic hydrocarbon 
solvent such as benzene, toluene, or the like to afford an 
intermediate urea which is recovered using known techniques 
(e.g., washing the reaction mixture with aqueous acid, con 
centrating the washed mixture under vacuum, and purifying 
the residue via chromatography). The acetate protective 
group can then be removed using well known techniques and 
the resulting primary hydroxy group can be activated by 
reaction with ~1 to 1.5 equivalents of tosyl chloride, triflic 
anhydride, or the like in a non-nucleophilic solvent (e.g., 
dichloromethane, ether, benzene, etc.) at low temperature 
(e.g., from 0°C. to 25°C.). The activated hydroxyl can then 
be treated with a non-nucleophilic base such as DBU, potas 
sium t-butoxide, t-butyllithium, or the like at low temperature 
(e.g., from 0°C. to 25°C.) to afford cyclized intermediate Q, 
which can be recovered and purified using standard work-up 
procedures. Olefin metathesis techniques well known to those 
skilled in the arts can be used to cyclize the di-olefin inter 
mediate Q. Thus, for example, Q can be treated with a cata 
lytic amount (0.05 to 0.25 equivalents) of a Grubbs olefin 
methathesis catalyst in a suitable solvent (e.g., benzene, tolu 
ene, tetrahydrofuran, or the like) at about 25°C. to afford a 
cyclohexene product, after which the protective group PG on 
the hydroxylactam can be removed using well known tech 
niques, and the resulting hydroxylactam Sulfated to afford the 
Sulfate. For example, a solution of hydroxylactam in an apro 
tic solvent (e.g., a tertiary amide Such as pyridine, DMF, or 
DMAC) can be treated with a sulfur trioxide pyridine com 
plex (2-10 equivalents) at about 25°C. to afford the desired 
product which can be recovered and purified using standard 
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techniques to afford T. In cases where there is no protective 
group in the side chain, the product of the Sulfation reaction is 
a compound of Formula I of the present invention. When a 
protective group is incorporated in the amide side chain (e.g., 
a benzyl amine or ether, BOC amine, or a CBZamine), the 
group can be removed using a technique known in the art to 
afford the compound of Formula I. The beta-gamma olefin in 
compound T can be isomerized into conjugation with the side 
chain amide carbonyl by treating T with a non-nucleophilic 
base (e.g., potassium t-butoxide, Sodium hydride, or the like) 
in a non-nucleophilic solvent (e.g., t-butanol, tetrahydrofu 
ran, ether, or the like at 0°C. to 25°C. Alternatively, the olefin 
can be isomerized into conjugation under acidic conditions 
using an an acid such as trifluoromethanesulfonic acid or the 
like or an acidic ion exchange resin in a non-nucleophilic 
Solvent (e.g., t-butanol, tetrahydrofuran, ether, or the like) at 
0°C. to 25°C. The resulting olefin isomer W can be recovered 
and isolated using standard work-up techniques. 
0245 Generally speaking, when a chemical group in a 
compound is referred to herein as “protected' or is said to 
incorporate a “protective group', this means that the chemical 
group is employed in a modified form to preclude undesired 
side reactions at the protected site. Protective groups suitable 
for use in the preparation of compounds of the present inven 
tion and techniques for adding and removing such protective 
groups are well known in the art and include those described 
in Protective Groups in Organic Chemistry, ed. J. F. W. 
McOmie, Plenum Press, 1973 and in T. W. Greene & P. G. M. 
Wuts, Protective Groups in Organic Synthesis, John Wiley & 
Sons, 3" edition, 1999, and 2" edition, 1991, the disclosures 
of which are herein incorporated by reference in their entire 
ties. 

0246 The present invention also includes a process (alter 
natively referred to as Process P) for preparing a compound of 
Formula P-II: 

PS 
NN p O 

( 
g N 

T R N 
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with an iridum, rhodium, or ruthenium catalyst to obtain 
Compound P-II; 
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wherein: 
P is an amine protective group selected from the group 
consisting of carbamates and benzylamines; 
R is CH or phenyl: 
R is CH or phenyl: 
R" is Hor C alkyl: 
T is H, Cl, Br, F.C. alkyl, O C alkyl, OH, NH, N(H)— 
C. alkyl, or N(-C alkyl); 
p is Zero, 1 or 2; q is Zero, 1, or 2; and p--qZero, 1, 2, or 3. 
0248 Compound P-II is an intermediate useful in the syn 
thesis of certain compounds of the present invention. The 
amine protective group P can be a carbamate (i.e., a protec 
tive group of formula 

/ 

in which R is optionally substituted alkyl, allyl, optionally 
Substituted benzyl, or the like) or a benzylamine (i.e., a pro 
tective group of formula 

/ 
ArCH-N 

in which Ar is optionally substituted phenyl). Suitable car 
bamate and benzylamine protective groups and methods for 
their formation and cleavage are described in Protective 
Groups in Organic Chemistry, ed. J. F. W. McOmie, Plenum 
Press, 1973 and in T. W. Greene & P.G.M. Wuts, Protective 
Groups in Organic Synthesis, John Wiley & Sons, 3' edition, 
1999, and 2" edition, 1991. In one embodiment, P’ is (1) 
C(=O)—O—(CH)—CH=CH, (2) C(=O)—O— 
CH-phenyl in which the phenyl is optionally substituted with 
from 1 to 3 substituents each of which is independently halo, 
—NO. —C alkyl, or—O—C alkyl, (3) C(=O)—O— 
C. alkyl, or (4) CH-phenyl in which the phenyl is option 
ally substituted with from 1 to 3 substituents each of which is 
independently halo. —NO. —C alkyl, or —O—Ca 
alkyl. In another embodiment, PG is t-butyloxycarbonyl 
(Boc), allyloxycarbonyl (Alloc), benzyloxycarbonyl (Cbz), 
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 
p-bromobenzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
2,4-dichlorobenzyloxycarbonyl, or benzyl. In still another 
embodiment, PG is Cbz. 
0249 Other embodiments of Compound P-II include the 
following: (1) RandR are both CH or both phenyl: (2a)T 
is Hor F: (2b) T is H; (3a) R is H or CH (3b) R is H. One 
or more of these embodiments (1) to (3) can be combined with 
each other and/or with the embodiments described above for 
P, wherein each such combination is a separate embodiment 
of Compound P-II. 
0250 Step A involves the intramolecular insertion of NH 
using a ketosulfoxonium ylide to form a cyclic product. The 
ylide chemistry employed in Step A provides a safety benefit 
with respect to alternative methods that employ diaz 
omethane (an explosion hazard) to generate a diazoketone 
which can then be used in a cyclization. Step A can also 
provide a high yield. For example, the yield of Step A using a 
catalytic amount of Ir(COD)Cl] can be 85% or higher. 
0251 Step A is conducted in an organic solvent. Suitable 
solvents include toluene, dichloromethane, DCE, DMF, THF, 
chlorobenzene, 1,2-dichlorobenzene, cyclopentylmethyl 
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ether, acetonitrile, IPAc, nitromethane, trifluoromethylben 
Zene, methyl ethyl ketone, DME, and 2-MeTHF. A preferred 
Solvent is toluene. 
0252. The cyclization in Step A is conducted in the pres 
ence of an Ir, Rh, or Ru catalyst. Suitable catalysts include 
Ir(COD)Cl]-, RuCl(PPh), Ru(DMSO)Cl. RuCl 
(cymene), Ru(cymene), (cyclopentadienyl)Ru(PPh3), 
(indene)RuOl(PPh3), Rh(OAc), Rh(TFA), (COD) 
IrBF, IrCl(CO)(PPh), IrCl(CO), Ir(COD)(acac), Ir(CO) 

(acac), (methylcyclopentadienyl)(COD)Ir, or (cyclohexyl) 
P)(COD)Ir(pyridine). A class of suitable catalysts consists 
of Ir(COD)Cl], RuCl(PPh), Ru(DMSO)Cl. RuCl 
(cymene), Ru(cymene), (cyclopentadienyl)Ru(PPh), 
(indene)RuOl(PPh3), Rh(OAc), Rh(TFA). A preferred 
catalyst is Ir(COD)Cl. The catalyst is typically employed 
in an amount in a range of from about 0.25 to 5 mole percent 
based on the amount of Compound P-I, and is more typically 
employed in an amount in a range of from about 0.5 to about 
2 mole percent. 
0253) The reaction in Step A can suitably be conducted at 
a temperature in a range of from about 50° C. to about 130°C. 
and is typically conducted at a temperature in a range of from 
about 70° C. to about 110° C. 
0254 An embodiment of Process P comprises Step A as 
just described above wherein PG is Cbz, to obtain Compound 
P-IIa (=Compound P-II in which PG is replaced with Cbz), 
and further comprises: 
0255 (B) treating Compound P-IIa with a reducing agent 
to obtain a compound of Formula P-III: 

n N p O 

( 
g N 

4 T R N 
Boc1 OH: 

and 
0256 (C) contacting Compound P-III with a sulfonyl 
halide of formula R SOW in the presence of a tertiary 
amine base to obtain a compound of Formula P-IV: 

NN p O 

(S, N O. O 

T H N \/ 
Boc1 o1 YR. 

wherein W is halogen; and R is (1) phenyl optionally substi 
tuted with from 1 to 3 substituents each of which is indepen 
dently C alkyl, C. haloalkyl, O—C alkyl, O—Ca 
haloalkyl, Cl, Br, F, or NO, (2) C alkyl; or (3) Ca 
haloalkyl. 
0257 Step B is conducted in an organic solvent. Suitable 
solvents include toluene, dichloromethane, THF, isopropyl 
alcohol, and acetonitrile. Preferred solvents are toluene and 
THF. 
0258 Suitable reducing agents in Step B include LiBH, 
NaBH, KBH (MeN)BH4, LiAlH(O-t-Bu), LiBH(OEt), 
and Al(O-i-Pr)/IPA. A class of suitable reducing agents con 

(P-III) 
Cbz 
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sists of LiBH, NaBH, and KBH. Preferred reducing agents 
include LiBH and NaBH4. The reducing agent is typically 
employed in an amount in a range of from about 1 to about 2 
equivalents per equivalent of Compound P-IIa, and is more 
typically employed in an amount in a range of from about 1 to 
about 1.3 equivalents. 
0259. The reaction in Step B can suitably be conducted at 
a temperature in a range of from about -20°C. to about 40°C. 
and is typically conducted at a temperature in a range of from 
about -15° C. to about 0°C. 

0260 Step C is conducted in an organic solvent. Suitable 
solvents include dichloromethane, THF, ethyl acetate, and 
MTBE. A preferred solvent is dichloromethane. 
0261 Exemplary sulfonylhalides suitable for use in Step 
C include methanesulfonyl chloride, chloromethanesulfonyl 
chloride, dichloromethanesulfonyl chloride, benzenesulfo 
nyl chloride, p-trifluoromethylbenzenesulfonyl chloride, 
p-toluenesulfonyl chloride, p-bromobenzenesulfonyl chlo 
ride, p-fluorobenzenesulfonyl chloride, and p-methoxyben 
Zenesulfonyl chloride. A class of suitable sulfonyl halides 
consists of chloromethanesulfonyl chloride, p-trifluorometh 
ylbenzenesulfonyl chloride and p-bromobenzenesulfonyl 
chloride. A preferred sulfonylhalide is p-trifluoromethylben 
Zenesulfonyl chloride. The sulfonyl halide is typically 
employed in an amount in a range of from about 1 to about 2 
equivalents per equivalent of Compound P-III, and is more 
typically employed in an amount in a range of from about 1 to 
about 1.5 equivalents (e.g., about 1.3 equivalents). 
0262 The tertiary amine in Step C is suitably a tri-C 
alkylamine. A class of Suitable amines consists of TEA, 
DIPEA, and diethylisopropylamine. DIPEA is a preferred 
base. The base is typically employed in an amount in a range 
of from about 1 to about 3 equivalents per equivalent of 
Compound P-III, and is more typically employed in an 
amount in a range of from about 1.1 to about 2 equivalents 
(e.g., about 1.8 equivalents). 
0263. The reaction in Step C can suitably be conducted at 
a temperature in a range of from about 0°C. to about 40°C. 
and is typically conducted at a temperature in a range of from 
about 10° C. to about 25° C. 

0264. Another embodiment of Process P comprises Steps 
A, B, and C as just described above wherein PG is Cbz, to 
obtain Compound P-IV, and further comprises: 
0265 (D) contacting Compound P-IV with N-Boc-O-ben 
Zylhydroxylamine in the presence of a base to obtain a com 
pound of Formula P-V: 

(P-V) 

T R4 N Boc: 

OCHPh 

24 
Oct. 17, 2013 

and 

0266 (E) treating Compound P-V with an acid to obtain a 
compound of Formula P-VI: 

(P-VI) 
Cbz 
NN p O 

( 
g N 

T R HN 
NH 

OCHPh. 

0267 Step D is conducted in an organic solvent. Suitable 
solvents include DMAC, DMF, NMP, THF and DME. A 
preferred solvent is NMP. 
0268 Suitable bases in Step D include Li t-butoxide, Na 
t-butoxide, K t-butoxide, cesium carbonate, KHMDS, and 
NaHMDS. A class of suitable bases consists of Lit-butoxide, 
Na t-butoxide and K t-butoxide. A preferred base is K t-bu 
toxide. The base is typically employed in an amountina range 
of from about 1 to about 2 equivalents per equivalent of 
Compound P-IV, and is more typically employed in an 
amount in a range of from about 1 to about 1.5 equivalents 
(e.g., about 1.3 equivalents). 
0269. The N-Boc-O-benzylhydroxylamine is typically 
employed in Step D in an amount in a range of from about 1 
to about 2 equivalents per equivalent of Compound P-IV, and 
is more typically employed in an amount in a range of from 
about 1 to about 1.5 equivalents (e.g., about 1.3 equivalents). 
0270. The reaction in Step D can suitably be conducted at 
a temperature in a range of from about 30°C. to about 60° C. 
and is typically conducted at a temperature in a range of from 
about 35° C. to about 45° C. 

0271 Step E is conducted in an organic solvent. Suitable 
solvents include DCM and acetonitrile. 

0272 Suitable acids in Step E include sulfonic acids. Suit 
able acids in Step E include methanesulfonic acid, trifluo 
romethane Sulfonic acid, chloromethanesulfonic acid, benze 
nesulfonic acid, p-toluenesulfonic acid, 
p-bromobenzenesulfonic acid, p-methoxybenzenesulfonic 
acid, and p-trifluoromethylbenzenesulfonic acid. A class of 
Suitable acids consists of p-toluenesulfonic acid and meth 
anesulfonic acid. A preferred acid is methanesulfonic acid. 
The acid is typically employed in an amount in a range of 
from about 1 to about 6 equivalents per equivalent of Com 
pound P-V, and is more typically employed in an amount in a 
range of from about 3 to about 5 equivalents. 
0273. The reaction in Step E can suitably be conducted at 
a temperature in a range of from about 25°C. to about 60° C. 
and is typically conducted at a temperature in a range of from 
about 30° C. to about 40° C. 

0274. Another embodiment of Process P comprises Steps 
A, B, C, D and E as just described above wherein PG is Cbz, 
to obtain Compound P-VI, and further comprises: 
0275 (F) contacting Compound P-VI with phosgene, 
diphosgene or triphosgene in the presence of a tertiary amine 
base, and then adding an aqueous Solution of acid to obtain a 
compound of Formula P-VII: 
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(P-VII) 
Cbz 
NN p O 

( 
g N 

T R4 N 
H 

N 
V 

O OCH2Ph; 

and 

0276 (G) contacting Compound P-VII with a source of 
hydrogen in the presence of a hydrogenolysis catalyst and in 
the presence of a Boc-producing agent to obtain a compound 
of Formula P-VIII: 

(P-VIII) 

NN p O 

( 
g N 

T R4 N 
H. 

N 
V 

O OH 

0277 Step F is conducted in an organic solvent. Suitable 
solvents include DCM and acetonitrile. A preferred solvent is 
DCM. 

0278 Suitable acids include in Step F include hydrochlo 
ric acid, Sulfuric acid, trifluoroacetic acid, and phosphoric 
acid. A preferred acid is phosphoric acid. The acid is typically 
employed in an amount in a range of from about 1 to about 6 
equivalents per equivalent of Compound P-VI, and is more 
typically employed in an amount in a range of from about 3 to 
about 5 equivalents (e.g., about 3.2 equivalents). 
0279. The tertiary amine in Step F is suitably a tri-C 
alkylamine. A class of Suitable amines consists of TEA, 
DIPEA, and diethylisopropylamine. DIPEA is a preferred 
base. The base is typically employed in an amount in a range 
of from about 1 to about 6 equivalents per equivalent of 
Compound P-VI, and is more typically employed in an 
amount in a range of from about 3 to about 5 equivalents (e.g., 
about 3.2 equivalents). 
0280 The triphosgene, diphosgene, or phosgene is typi 
cally employed in Step F in an amount in a range of from 
about 0.5 to 1 equivalents per equivalent of Compound P-VI, 
and is more typically employed in an amount in a range of 
from about 0.7 to about 1 equivalent (e.g., about 0.8 equiva 
lent). Triphosgene is preferred over diphosgene and phos 
gene. 

0281. The contacting of Compound P-VI with triphos 
gene, diphosgene, or phosgene in Step F can Suitably be 
conducted at a temperature in a range of from about -15°C. 
to about 0°C. and is typically conducted at a temperature in 
a range of from about 35°C. to about 45° C. The subsequent 
addition and reaction with the acid can suitably be conducted 
at a temperature in a range of from about 0°C. to about 25°C. 
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0282 Step G is conducted in an organic solvent. Suitable 
solvents include ethyl acetate, DMAC, t-butanol, and THF. A 
preferred solvent is THF. 
0283 Suitable Boc-producing agents in Step G include 
di-t-butyl carbonate, t-butylchloroformate, BOC-ON and 
BOC-OSN. A preferred agent is d-t-butyl carbonate. The 
agent is typically employed in an amount in a range of from 
about 0.9 to about 3 equivalents per equivalent of Compound 
P-VII, and is more typically employed in an amount in a range 
of from about 0.9 to 1.5 equivalents (e.g., from about 0.95 to 
about 1.1 equivalents). 
0284. The source of hydrogen in Step G is typically hydro 
gen gas, optionally in admixture with a carrier gas that is 
chemically inert under the reaction conditions employed in 
Step G (e.g., nitrogen or a noble gas such as helium or argon). 
The pressure is not a critical aspect in Step G, although 
atmospheric and Superatmospheric pressures tend to be expe 
dient. The pressure typically is at least about 2 psig (about 115 
kPa). The hydrogen Source can alternatively be a hydrogen 
transfer molecule Such as ammonium formate, cyclohexene, 
or cyclohexadiene. 

0285. The uptake of hydrogen is not a critical process 
parameter, although at least a stoichiometric amount of 
hydrogen gas or other hydrogen source is typically employed. 
0286 The hydrogenolysis catalyst comprises a supported 
or unsupported Group 8 metal or a supported or unsupported 
compound, Salt or complex of a Group 8 metal. The catalyst 
typically employed in Step G is supported or unsupported Pd 
metal or a Supported or unsupported Pd compound, salt or 
complex. Suitable catalyst Supports include carbon, silica, 
alumina, silicon carbide, aluminum fluoride, and calcium 
fluoride. A class of suitable catalysts consists of Pd black (i.e., 
fine metallic palladium particles), Pd(OH), and Pd/C (i.e., 
palladium on a carbon support). Pd/C is a preferred hydro 
genolysis catalyst. The catalyst is typically employed in an 
amount in a range of from about 5 to about 20 wt.% relative 
to the amount of Compound VI, and is more typically 
employed in an amount in a range of from about 5 to about 15 
wt.% (e.g., about 10 wt.%). 
0287. The reaction in Step G can suitably be conducted at 
a temperature in a range of from about 10°C. to about 50° C. 
and is typically conducted at a temperature in a range of from 
about 15° C. to about 30° C. 

0288 A sub-embodiment of Process P comprises Step A 
as just described wherein the compound of Formula P-II is 
Compound p-2: 

Cbz 

l, N , 
H 

-N 

(p-2) 

Boc 
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wherein Step A comprises: 
0289 (A) contacting ketosulfoxonium ylide p-1: 

(p-1) 

Cbz 

N ---- ls. H3. 
Boc 

with a catalyst selected from the group consisting of iridium 
cyclooctadiene chloride dimer, RuCl(PPh), Ru(DMSO) 
Cl, and Rh(TFA) to obtain Compound p-2. 
0290 Another sub-embodiment of Process P comprises 
Step A as just described in the preceding Sub-embodiment to 
obtain Compound p-2, and further comprises: 
0291 (B) treating Compound p-2 with a reducing agent 
selected from the group consisting of Li borohydride, Na 
borohydride and K borohydride, to obtain Compound p-3: 

(p-3) 
OH: w 

H N O 
Orr, N O Boc 

and 
0292 (C) contacting Compound p-3 with a sulfonylhalide 
of formula R SOW in the presence of a tri-C alky 
lamine base to obtain a compound of Formula p-4: 

(p-4) 
O 

saleO; 
V 

N RA 

O N O Boc 
Cbz1 

wherein W is chlorine; and 
R is methyl, chloromethyl, phenyl, 4-bromophenyl, 4-trif 
luoromethylphenyl, or 4-methylphenyl. 
0293 Another sub-embodiment of Process P comprises 
Steps A, B and C as just described in the preceding sub 
embodiment to obtain Compound p-4, and further comprises: 
0294 (D) contacting Compound p-4 with N-Boc-O-ben 
Zylhydroxylamine in the presence of a a base selected from 
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the group consisting of Lit-butoxide, Na t-butoxide, Kt-bu 
toxide and Kamyloxide to obtain Compound p-5: 

(p-5) 
Boc 

N 
YOBn: 

H 
N w 

C N O Boc 
Cbz1 

and 

0295 (E) treating Compound p-5 with an acid selected 
from the group consisting of methanesulfonic acid, chlo 
romethanesulfonic acid, p-toluenesulfonic acid and benzene 
Sulfonic acid to obtain a compound of Formula p-6: 

(p-6) 

0296 Another sub-embodiment of Process P comprises 
Steps A, B, C, D and E as just described in the preceding 
sub-embodiment to obtain Compound p-6, and further com 
prises: 
0297 (F) contacting Compound p-6 with triphosgene in 
the presence of a tri-C alkylamine base, and then adding an 
aqueous solution of phosphoric acid to obtain Compound p-7: 

Cb (p-7) 
Z. 

NN 

- 
H 

N "in H. y 
O OB 

and 

0298 (G) contacting Compound p-7 with hydrogen in the 
presence of a Pd catalyst and a Boc-producing agent selected 
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from the group consisting of di-t-butylcarbonate and BOC 
ON to obtain Compound p-8: 

B (p-8) 
OC 

NN O 

l 
N 
H 

N 'in H. y 
O OH 

0299 The solvents, agents, catalysts, reaction amounts, 
reaction temperatures, etc. described above for Steps A to F in 
Process Pleading to Compound P-VIII and its embodiments 
are applicable to Steps A to F set forth in the preceding 
Sub-embodiments leading to Compound p-8, except where 
express limitations are placed upon one or more of these 
variables in the sub-embodiments. For example, the sub 
embodiment of Process P describing the preparation of Com 
pound p-2 from Compound p-1 restricts the catalyst 
employed in Step A to a specific group of 1 r. Ru and Rh 
catalysts. Accordingly, the broader disclosure of suitable 
catalysts provided for in Process P as originally set forth 
above does not apply to this sub-embodiment. 
0300. It is to be understood that the solvents, agents, cata 

lysts, reaction amounts, reaction temperatures, etc. described 
above with respect to Process P and its embodiments and 
sub-embodiments are intended only to illustrate, not limit, the 
Scope of the process. For example, the organic solvent 
employed in any of Steps A to G can be any organic Substance 
which under the reaction conditions employed in the step of 
interest is in the liquid phase, is chemically inert, and will 
dissolve, Suspend, and/or disperse the reactants and any 
reagents so as to bring the reactants and reagents into contact 
and to permit the reaction to proceed. Similar considerations 
apply to the choice of bases, catalysts, and other reagents 
employed in the process steps. Furthermore, each of the steps 
can be conducted at any temperature at which the reaction 
forming the desired product can detectably proceed. The 
reactants, catalysts and reagents in a given step can be 
employed in any amounts which result in the formation of at 
least Some of the desired product. Of course, a high conver 
sion (e.g., at least about 60% and preferably higher) of start 
ing materials in combination with a high yield (e.g., at least 
about 50% and preferably higher) of desired products is typi 
cally the objective in each step, and the choice of Solvents, 
agents, catalysts, reaction amounts, temperatures, etc. that 
can provide relatively good conversions and yields of product 
are preferred, and the choices that can provide optimal con 
versions and yields are more preferred. The particular sol 
vents, agents, catalysts, reaction amounts, reaction tempera 
tures, etc. described above with respect to Process P and its 
embodiments and Sub-embodiments can provide good to 
optimum conversions and yields. 
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0301 The present invention also includes a compound 
selected from the group consisting of: 

(P-I) 

(P-II) 

(P-III) 

O 

N 

4 R N 
Boc1 OH, 

l g 

T 

(P-IV) 
Cbz 
NN p O 

g N O O 

T N \/ 
Boc1 o1 NRA, 

(P-V) 
Cbz 
NN p O 

(9, N 
T R4 N Boc, and 

Boc1 O1 

OCH2Ph 
(P-VI) 

Cbz 

l g 

O 

N 

T R N 
Boc1 NH 

wherein: 

P is an amine protective group selected from the group 
consisting of carbamates and benzylamines; 
R is CH or phenyl: 
R is CH or phenyl: 
R" is H or C, alkyl: 
T is H, Cl, Br, F.C. alkyl, O C alkyl, OH, NH, N(H)— 
C. alkyl, or N(-C alkyl); 
p is Zero, 1 or 2; q is Zero, 1, or 2; p+q Zero, 1, 2, or 3; and 
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R is: 

0302 (1) phenyl optionally substituted with from 1 to 3 
Substituents each of which is independently C alkyl, 
C. haloalkyl, O—C alkyl, O—Chaloalkyl, Cl, 
Br, F, or NO; 

(0303 (2) Calkyl; or 
0304 (3) Chaloalkyl. 

0305 The present invention also includes a compound 
selected from the group consisting of: 

(p-1) 

Cbz 

Ol O O 
N 4\Sch 
H CH3 

HN 
Y Boe 

Cb (p-2) 
Z. 

NN O 

1. 
H 

N 
Boc1 O, 

(p-3) 
OH, w 

H N O 
Orr N O Boc 

Cbz1 
(p-4) 

O 

waleO, 
V H 

N v RA 

O N O Boc 
Cbz1 

(p-5) 

Boc 

YOBn, and 
H 
N w 

Orr N O Boc 
Cbz1 

(p-6) 

wherein R is methyl, chloromethyl, phenyl, 4-bromophenyl, 
4-trifluoromethylphenyl, or 4-methylphenyl. 
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0306 The following examples serve only to illustrate the 
invention and its practice. The examples are not to be con 
Strued as limitations on the Scope or spirit of the invention. 

Preparative Example 1 

(4R,6S)-3-(Benzyloxy)-2-oxo-1,3-diazabicyclo[2.2. 
1 heptane-6-carboxylic acid 

0307 

x 
\ 

O 

O –4 o HCI -- 

OH 

\ 
O 

o–4 
(4) 

O -e- 

N 
OH 

F 

\ 
O 

(5) 
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-continued 

o–4 (6) 

(7) 

S-O- / \ 
O H 

\ 
O 

o–4 
3. -- 

S-O- / 
O 9-ca. 

O 

\ 
O 

o–4 
e -- 

Step 1: 2-Allyl 1-tert-butyl 
(2S,4S)-4-hydroxypyrrolidine-1,2-dicarboxylate 

0308 Di-tert-butyl dicarbonate (0.532 mL, 2.291 mmol) 
was added to a solution of cis-4-hydroxy-L-proline (265 mg. 
2.02 mmol) in DMF (5 mL) and aqueous sodium hydroxide (2 
mL, 2 mmol). The reaction mixture was stirred at room tem 
perature overnight. Allyl bromide (0.18 mL, 2.08 mmol) was 
added and the resulting mixture was stirred at room tempera 
ture overnight. The reaction mixture was diluted with ethyl 
acetate and washed with dilute aqueous HCl, water, Saturated 
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Sodium bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated under vacuum to afford the title 
compound as a clear oil. 

Step 2: Allyl 
(4S)-4-hydroxy-L-prolinate-hydrochloride salt 

0309 Hydrochloric acid (4.2M solution in dioxane, 5 mL, 
21 mmol) was added to a solution of 2-allyl 1-tert-butyl 
(2S,4S)-4-hydroxypyrrolidine-1,2-dicarboxylate (1.05 g, 
4.87 mmol) in dichloromethane (20 mL). The resulting mix 
ture was stirred at room temperature for 4 hours then concen 
trated under vacuum to afford the title compound. 

Step 3: Allyl 
(4S)-4-hydroxy-1-(trifluoroacetyl)-L-prolinate 

0310 THF (18 mL) was added to allyl (4S)-4-hydroxy-L- 
prolinate-hydrochloride salt (1.011 g, 4.87 mmol). The 
resulting Suspension was cooled to 0°C. and triethylamine 
(3.0 mL. 21.5 mmol) was added followed by trifluoroacetic 
anhydride (2 mL, 14.2 mmol). The resulting mixture was 
stirred at 0° C. for 30 minutes then water was added. The 
resulting solution was stirred at room temperature for 30 
minutes then diluted with ethyl acetate and washed with 1N 
HCl solution, water, dilute sodium bicarbonate solution, 
dried over magnesium Sulfate, filtered and concentrated 
under vacuum. In order to hydrolyze any trifluoroacetate ester 
that may have formed as a by-product, the residue was taken 
up in tetrahydrofuran (11.5 mL) and water (11.5 mL). The 
resulting cloudy solution was stirred at room temperature for 
7 hours. The resulting clear solution was diluted with ethyl 
acetate and washed with 5% sodium bicarbonate solution and 
brine, then dried over magnesium Sulfate, filtered concen 
trated under vacuum to afford crude product. The crude prod 
uct was purified by Silica gel chromatography to afford the 
title compound as a pale tan oil. 

Step 4: Allyl (4R)-4-(benzyloxy)amino-1-(trifluo 
roacetyl)-L-prolinate 

0311. A solution of allyl (4S)-4-hydroxy-1-(trifluoro 
acetyl)-L-prolinate (844 mg, 3.16 mmol) in acetonitrile (16 
mL) was cooled to -10° C. and 2.6-lutidine (0.62 mL, 5.32 
mmol) was added followed by trifluoromethanesulfonic 
anhydride (0.85 mL, 5.15 mmol). After addition, the tempera 
ture was allowed to warm to 0°C. The reaction mixture was 
stirred at 0°C. for 1 hour then O-benzylhydroxylamine (1 
mL, 8.67 mmol) was added followed by 2.6-lutidine (0.62 
mL, 5.32 mmol). The reaction mixture was allowed to warm 
to room temperature overnight. The reaction mixture was 
then diluted with ethyl acetate and washed with 5% sodium 
bicarbonate solution and brine, dried over magnesium sulfate, 
filtered and concentrated under vacuum. The tan oil residue 
(2.57 g) was chromatographed on silica gel eluted initially 
with 95:5 dichloromethane:ethyl acetate and finally with 
80:20 dichloromethane:ethyl acetate to afford the title com 
pound as a pale yellow solid. 

Step 5: Allyl (4R)-4-(benzyloxy)amino-L-prolinate 
0312. A solution of allyl (4R)-4-(benzyloxy)amino-1- 
(trifluoroacetyl)-L-prolinate (1.19 g, 3.20 mmol) in methanol 
(9.5 mL) was added slowly to a solution of sodium borohy 
dride (312 mg, 8.25 mmol) in methanol (9.5 mL) at -10°C. 
The reaction mixture was allowed to warm to 0°C. slowly 
then stirred at 0°C. for 3 hours. Additional sodium borohy 
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dride (0.29 g, 7.67 mmol) was added at 0°C. and the reaction 
mixture was stirred at 0°C. for three hours then silica gel (to 
pre-absorb the crude product for chromatography) was added 
and the solvent removed under vacuum. The residue was 
chromatographed on silica gel eluted with 15:9:1 dichlo 
romethane:ethyl acetate:methanol to afford the title com 
pound as a colorless oil. 
0313 Step 62-Allyl 1-tert-butyl (2S,4R)-4-(benzyloxy) 
aminolpyrrolidine-1,2-dicarboxylate 
0314. A solution of allyl (4R)-4-(benzyloxy)amino-L- 
prolinate (1.2g, 4.34 mmol) in dichloromethane (29 mL) was 
added to di-tert-butyl dicarbonate (1.1 mL, 4.34 mmol) and 
the resulting mixture was stirred at room temperature over 
night. The reaction mixture was concentrated under vacuum 
and the residue was chromatographed on silica gel eluted with 
hexane then with 4:1 hexane:ethyl acetate to afford the title 
compound as a clear gum. 

Step 7: 2-Allyl 1-tert-butyl (2S,4R)-4-(benzyloxy) 
(trichloromethoxy)carbonyl)amino-pyrrolidine-1, 

2-dicarboxylate 

0315 Diphosgene (0.1 mL, 0.804 mmol) was added 
slowly to a solution of 2-allyl 1-tert-butyl (2S,4R)-4-(ben 
Zyloxy)aminolpyrrolidine-1,2-dicarboxylate (261 mg, 0.745 
mmol) and triethylamine (0.13 mL, 0.933 mmol) in dichlo 
romethane (4 mL) at 0°C. The reaction mixture was stirred at 
0° C. for 4 hours then allowed to stand at room temperature 
overnight. The reaction mixture was chromatographed on 
silica gel eluted first with hexane then with 4:1 hexane:ethyl 
acetate to afford the title compound as a clear gum. 

Step 8: Allyl (4R,6S)-3-(benzyloxy)-2-oxo-1,3-diaz 
abicyclo[2.2.1]heptane-6-carboxylate 

0316 Hydrochloric acid (4.2 M solution in dioxane, 16 
mL, 70.4 mmol) was added to 2-allyl 1-tert-butyl (2S,4R)-4- 
{(benzyloxy) (trichloromethoxy)carbonyl)amino-pyrroli 
dine-1,2-dicarboxylate (80 mg, 1.49 mmol). The resulting 
mixture was stirred at room temperature overnight then the 
solvent was removed under vacuum. Dichloromethane (82 
mL) was added to the residue followed by triethylamine (0.62 
mL, 4.45 mmol). The resulting mixture was stirred at room 
temperature overnight then the Solvent was removed under 
vacuum. The residue was chromatographed on silica gel 
(ISCO chromatography system) using a gradient from hexane 
for 2 minutes to 7:3 hexane:ethyl acetate over 6 minutes, hold 
for 3 minutes and go to 100% EtOAc over 8 minutes to afford 
the title compound as a clear oil. 

Step 9: (4R,6S)-3-(Benzyloxy)-2-oxo-1,3-diazabicy 
clo2.2.1]heptane-6-carboxylic acid 

0317 Sodium 2-ethylhexanoate (0.5 M in ethyl acetate, 
2.5 mL, 1.25 mmol) was added to a solution of allyl (4R,65)- 
3-(benzyloxy)-2-oxo-1,3-diazabicyclo[2.2.1]heptane-6-car 
boxylate (459 mg, 1.52 mmol), 1,1'-bis(diphenyl-phosphino) 
ferrocene-palladium(II)dichloride dichloromethane complex 
(116 mg, 0.14 mmol) in tetrahydrofuran (7.6 mL). The reac 
tion mixture was stirred at room temperature for 2 hours 
(precipitate formed). Acetone (37 mL) was added. The result 
ing mixture was stirred at room temperature for 2 hours and 
the mixture was centrifuged. The solid was collected and 
washed with acetone and ether and dried under vacuum to 
afford the title compound as a tan solid. LC-MS (positive 
ionization) m/e 363 (M--H) 
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Example 1 

(2S.5R)-7-oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6- 
diazabicyclo3.2.1]octane-2-carboxamide 

0318 

O BOC 
NN 

HO s 

NH 
N 2. - - 

"H (1) 
N 
V 

O OCHPh 
BOC 

NN O 

l 2 N '. (2) 
H 

N '', 
H 

N 
V 

O OCHPh 
BOC 

NN O 

3 - 'o. (3) 
H 

N '' 
'H. 

N 
V 

O OH 
BOC 

NN O 

ul (4) o, N -e- 

H 

N '. 
VH 

N 
V 

O OSO 
BuN' 

H 
NN O 

u, N 8. 
H 

N '' 
*H 

N 
V 

O OSOH 

Step 1: tert-butyl 4-({(2S.5R)-6-(benzyloxy)-7-oxo 
1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino) 

piperidine-1-carboxylate 
0319. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (0.141 g, 
0.509 mmol) (note: this intermediate is disclosed in U.S. Pat. 
No. 7,112,592 Example 32b) in dry dichloromethane (3 mL) 
was added 4-amino-1-BOC-piperidine (0.1532 g, 0.765 
mmol), triethylamine (0.16 mL, 1.148 mmol), HOBT (0.1145 
g, 0.748 mmol), and EDC (0.1455 g, 0.759 mmol) sequen 
tially at room temperature under nitrogen. The reaction was 
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stirred at room temperature overnight. The reaction mixture 
was concentrated under vacuum and the residue was purified 
by HPLC (30x100 mm Waters Sunfire column; 5 micron: 35 
mL/minute; 210 nM; 15% to 100% CHCN+0.05% TFA/ 
water+0.05% TFA over 15 minutes; desired product elutes at 
50% CHCN+0.05% TFA/water+0.05% TFA) to afford the 
title compound. 

Step 2: tert-Butyl 4-({(2S.5R)-6-hydroxy-7-oxo-1, 
6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 

eridine-1-carboxylate 

0320 Palladium on carbon (30.5 mg: 10% Pd/C) was 
added to a solution of tert-butyl 4-((2S.5R)-6-(benzyloxy)- 
7-Oxo-1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 
eridine-1-carboxylate (151 mg, 0.33 mmol) in methanol (3 
mL), and the resulting mixture was stirred under hydrogen 
(balloon) for 3 hours. TLC analysis showed the reaction was 
complete. The reaction mixture was filtered through a micro 
filter and the filtrate was concentrated under vacuum to afford 
the title compound as a yellow oil. 

Step 3: N.N.N-Tributylbutan-1-aminium({(2S.5R)- 
7-oxo-2-(piperidin-4-ylamino)carbonyl-1,6-diaz 
abicyclo[3.2.1]oct-6-yloxy)sulfonyl oxidanide 

0321) To a solution of tert-butyl 4-((2S.5R)-6-hydroxy 
7-Oxo-1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 
eridine-1-carboxylate (36 mg, 0.098 mmol) in pyridine (0.5 
mL) was added sulfur trioxide pyridine complex (70 mg. 
0.440 mmol). The mixture was stirred at room temperature 
under nitrogen overnight. LC/MS analysis showed incom 
plete reaction. The reaction was filtered and the solids were 
washed with dry pyridine and dichloromethane. The filtrate 
was collected and concentrated under vacuum. The residue 
was redissolved in dry pyridine (0.75 mL) and sulfur trioxide 
pyridine complex (31 mg) was added followed by activated 4 
A molecular sieves. The reaction was stirred for 4 hours but 
there was little change by LC/MS. The reaction was filtered 
and the sieves were washed with dichloromethane. The fil 
trate was concentrated in vacuo and Suspended in Saturated 
aqueous potassium dihydrogen phosphate Solution. The 
resulting mixture was washed with ethylacetate. The aqueous 
layer was collected and tetrabutylammonium hydrogen Sul 
fate (0.034 mg., 0.098 mmol) was added. The mixture was 
stirred for 10 minutes then extracted with EtOAc (4x). The 
organic layers were combined, dried over sodium sulfate, and 
concentrated in vacuo to afford the title compound as a yellow 
oil. 

Step 4: (2S,5R)-7-oxo-N-piperidin-4-yl-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide 

0322 To a solution of N.N.N-tributylbutan-1-aminium({ 
(2S.5R)-7-oxo-2-(piperidin-4-ylamino)carbonyl-1,6-diaz 
abicyclo[3.2.1]oct-6-yloxy)sulfonyl oxidanide (22.4 mg. 
0.050 mmol) in anhydrous dichloromethane (2 mL) at 0°C. 
under nitrogen was added trifluoroacetic acid (0.1 mL, 1.298 
mmol) dropwise. The reaction mixture was stirred for 1 hour 
then concentrated under vacuum. Ether was added to the 
residue and the resulting white precipitate was collected by 
centrifugation. The solid was washed with ether (2x to afford 
the title compound contaminated with tetrabutylammonium 
hydrogen sulfate and pyridine. The solid was triturated with 
acetonitrile (2x) and the white solid was collected by cen 
trifugation to afford the title compound as a white solid. 
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LC-MS (negative ionization) m/e347 (M-H); LC-MS (posi 
tive ionization) m/e349 (M+H),381 (M+Na); H NMR (600 
MHz, DO; unreferenced) (Ö, ppm) 4.19 (1H, brid, J-2.5 Hz). 
398-4.06 (2H, m), 3.47 (2H, brid, J=13 Hz), 3.31 (1H, brid, 
J=12 Hz), 3.12 (2H, bridd, J=13, 3 Hz), 3.06(1H, d, J=12 Hz), 
2.04-2.21 (m, 4H), 1.87-1.95 (1H, m), 1.72-1.83 (m, 3H). 

Example 1A 

(2S.5R)-7-oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6- 
diazabicyclo3.2.1]octane-2-carboxamide 

0323 

O BOC 
NN 
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N Av. NH2 

'H. (1) 
N 
V 

O OCH2Ph 
BOC 

NN O 

ll 2 N '. (2) 
H 

N '', 
H 

N 
V 

O OCHPh 
BOC 

NN O 

3 - 'o. (3) 
H 

N '' 
'H. 

N 
V 

O OH 
BOC 

NN O 

N 
H 

N ''', 
VH 

N 
V 

O OSOH 
H 
NN O 

l 
N 
H 

N '', 
H 

N 
V 

O OSOH 

Step 1: tert-butyl 4-({(2S.5R)-6-(benzyloxy)-7-oxo 
1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino) 

piperidine-1-carboxylate 
0324. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (1.484 g. 
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5.37 mmol) in dry dichloromethane (60 ml) was added tri 
ethylamine (1.88 ml, 13.49 mmol), 2-chloro-1-methylpyri 
dinium iodide (1.60 g. 6.26 mmol), and 4-amino-1-BOC 
piperidine (1.30 g. 6.49 mmol) sequentially at room 
temperature under nitrogen. The reaction was then heated to 
50° C. for 1 hour. The reaction mixture was concentrated 
under vacuum and purified by silica gel chromatography on 
an Isco Combiflash (40 g silica gel, 40 mL/min, 254 nM, 15% 
to 100% EtOAC/hexane over 14 column volumes then 100% 
EtOAc for 4 column volumes; title compound eluted at 65% 
ethyl acetate/hexane) to afford the title compound as a pale 
orange solid. 

Step 2: tert-butyl 4-((2S.5R)-6-hydroxy-7-oxo-1,6- 
diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)piperi 

dine-1-carboxylate 

0325 Palladium on carbon (394 mg. 10% Pd/C) was 
added to a solution of the product of step 1 (1.81 g, 3.95 
mmol) in methanol (50.6 mL) and the resulting mixture was 
stirred under hydrogen (balloon) overnight. LC/MS analysis 
indicated the reaction was not complete. Acetic acid (6 drops) 
and additional catalyst (159 mg of 10% Pd/C) were added to 
the reaction and the resulting mixture was stirred under 
hydrogen (balloon) for an additional 90 minutes. Additional 
catalyst (0.2085g of 10% Pd/C) was added to the reaction and 
stirring under hydrogen was continued for an additional 2.5 
hours at which time the reaction was judged complete by 
LC-MS analysis. The reaction was filtered through a celite 
pad and the collected solid was washed well with MeOH. The 
filtrate was concentrated under vacuum to afford the title 
compound as a colorless oil which was used without purifi 
cation in the next step. 

Step 3: tert-butyl-4-({(2S.5R)-7-oxo-6-(sulfooxy)-1, 
6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 

eridine-1-carboxylate 

0326 To a solution of the product of step 2 (1.455 g, 3.95 
mmol; theoretical yield of step 2) in dry pyridine (30 mL) was 
added sulfur trioxide pyridine complex (3.2g, 20.11 mmol) at 
room temperature under nitrogen. The resulting thick mixture 
was stirred over the weekend. The reaction was filtered and 
the white insoluble solids were washed well with dichlo 
romethane. The filtrate was concentrated in vacuo. The resi 
due was further azeotroped with toluene to remove excess 
pyridine to afford the title compound which was used without 
purification in the next step. 

Step 4: (2S,5R)-7-oxo-N-piperidin-4-yl-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide 

0327. To a mixture of the product of step 3 (1.772g, 3.95 
mmol; theoretical yield of step 3) in dry dichloromethane (30 
ml) at 0°C. under nitrogen was slowly added trifluoroacetic 
acid (6.1 ml, 79 mmol). Immediately the reaction became a 
solution. After 1 hour, additional trifluoroacetic acid (8 ml) 
was added to the reaction. The reaction was stirred at 0°C. 
until judged complete by LC-MS analysis then concentrated 
in vacuo. The residue was triturated with ether (3x) to remove 
excess TFA and organic impurities. The resulting white 
insoluble solid was collected via centrifugation, dried in 
vacuo, then purified by preparative HPLC (250x21.2 mm 
Phenomenex Synergi Polar-RP 80A column; 10 micron; 35 
mL/min.; 210 nM; 0% to 30% methanol/water over 15 min 
utes; title compound eluted at 10% methanol/water). Frac 
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tions containing the title compound were combined and lyo 
philized overnight to afford the title compound as a white 
solid. LC-MS (negative ionization mode) m/e 347 (M-H). 

Example 1C 

(2S.5R)-7-Oxo-N-piperidin-4-yl-6-(sulfooxy)-1,6- 
diazabicyclo3.2.1]octane-2-carboxamide 

Step 1: Benzyl 4-(tert-butoxycarbonyl)aminolpip 
eridine-1-carboxylate 

0328 

Bn-OC(O)Cl HN NH Hep 
V TEA 
Boc 

O 

Ba? OB 

0329 4-(N-BOC amino) piperidine (17 kg, 84.88 mol) 
was dissolved in DCM (90 kg), triethylamine (10.14 kg, 
100.16 mol) was added, and the resulting solution was cooled 
to 0-5°C. Benzyl chloroformate (16.51 kg, 96.76 mol) was 
added over 45 minutes while keeping the temperature at <25° 
C., after which the solution was aged for 30 minutes at 20°C. 
2M HCl (61 kg, 118.13 mol) was then added over 10 minutes 
while keeping the temperature at <25°C. The mixture was 
agitated for 10 minutes and then the agitation was stopped and 
the phases were allowed to separate. The phases were then 
separated from each other, and the organic phase was distilled 
in vacuo to a volume of 35 L. Isopropyl acetate (89 kg) was 
then added, and the batch was concentrated by vacuum dis 
tillation at less than 35°C. to a volume of -50 L to crystallize 
the title product. Heptane (47 kg) was then added over 10 
minutes, and the resulting slurry cooled to and aged at 20°C. 
for 20 minutes, after which the aged slurry was filtered, 
washed with heptane (17 kg), and dried by N. Sweep on the 
filter to give the title product as a white solid (24.7 kg, 87%). 
"H NMR (CDC1) 7.33 (5H, m), 5.13 (2H, s), 4.47 (1H, m), 
4.11 (2H, m), 3.61 (1H, m), 2.93 (2H, m), 1.94 (2H, m), 1.45 
(9H, s) and 1.30 (2H, m). 

Step 2: Benzyl 4-aminopiperidine-1-carboxylate 

0330 

O 
HCl, THF 

HN N -e- 

Be? OB 
O 

HN -O-( OB 
0331 4-(N-BOC amino)-CBZ piperidine (24.4 kg 73.42 
mol), THF (65 kg) and 5 M HCl (23.0 kg, 110.13 mol) were 
combined and heated to 30-35° C. for ~2 hours, and then at 
55° C. overnight. After cooling the reaction mixture to 10°C., 
dichloromethane (97 kg) and 10M NaOH (7.97 kg, 145.12 
mol) were added, while keeping the temperature at <25° C. 
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The phases were separated and the organic phase was washed 
with 25 wt % NaCl solution (27.5 kg). The washed organic 
phase was distilled at atmospheric pressure to a volume of 70 
L. Dichloromethane (162 kg) was then added, and the mixture 
was concentrated by distillation to a volume of 120 L to give 
the title product as a solution in DCM (17.2 kg. 100%.). "H 
NMR (CDC1) 7.33 (5H, m), 5.14 (2H, s), 4.14 (2H, brs), 
2.87 (3H, m), 1.83 (2H, m), 1.66 (3H, m) and 1.28 (2H, m). 

Step 3: Benzyl 4-1-(tert-butoxycarbonyl)-5-oxo-L- 
prolylamino)piperidine-1-carboxylate 

0332 

NH2 - > 
O N CO2H 
--- 

HOPO, EDCHCI 
N 

BO O 
O O 

HN N 
Boc1 

BocO 
DMAP 

O NH O NH 

C C 
...s. ...s. 

0333 2-Hydroxypyridine-N-oxide (811 g, 7.3 mol), L-py 
roglutamic acid (9.43 kg, 73 mol), benzyl 4-aminopiperidine 
1-carboxylate (17.1 kg in dichloromethane, volume 120 L, 73 
mol) and dichloromethane (80 kg) were mixed together and 
aged at 20° C. for 10 minutes to form a thick slurry. 1-(3- 
Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(16.8kg, 87.6 mol) was added in portions to the slurry, while 
keeping temperature at <30°C. The slurry was then aged at 
25°C. for 30 minutes, after which 1M hydrochloric acid (94 
kg. 85.5 mol) was added. The phases were left to settle over 
night and then separated, and the organic phase was then 
washed with 2M sodium carbonate (109 kg) and then solvent 
switched to acetonitrile, final volume 50 L. Toluene (88.2 kg) 
was added and the batch cooled to 0°C. Di-tert-butyl dicar 
bonate (18.32 kg, 83.95 mol) and 4-dimethylaminopyridine 
(223 g, 1.83 mol) were added to the batch and the solution was 
warmed to 25° C. and aged overnight. The batch was then 
concentrated by distillation to a volume of 80 L. Additional 
toluene (88.2 kg) was added and the batch further concen 
trated to 50 L. Isopropyl acetate (30 kg) was added and the 
resulting slurry was aged for 10 minutes. Heptane (70 kg) was 
then added dropwise to the slurry over 30 minutes, and the 
slurry was aged for 30 minutes then filtered, washed with 
isopropyl acetate?heptane (22.5 kg/17.4 kg), and then dried in 
vacuo at 55° C. to afford the title product as a white solid (27.5 
kg, 95.5 wt %, 82%). "H NMR (CDC1) 7.33 (5H, m), 6.19 
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(1H, m), 5.13 (2H, s), 4.48 (1H, dd), 4.15 (2H, m), 3.97 (1H, 
m), 2.95 (2H, m), 2.73 (1H, dtr), 4.65 (1H, m), 2.61 (1H, m), 
2.18 (2H, m), 1.45 (9H, s) and 1.30 (2H, m). 

Step 4: Benzyl 4-(N-(tert-butoxycarbonyl)-6-dim 
ethyl(oxido)-D-sulfanylidenel-5-oxo-L- 
norleucylamino)piperidine-1-carboxylate 

0334 

Cbz n 
N KO-t-Bu, 

He 

(CH3)3SOI 

Cbz 
NN O O O 

----- 2N. N CH 
H YS 3 

HN 
Y Boc 

0335 Potassium tert-butoxide (9.58 kg. 85.38 mol) was 
added in three portions to a solution of trimethylsulfoxonium 
iodide (18.79 kg, 85.38 mol) in DMF (115 kg) at 15-25° C. 
The suspension was aged at 20-25°C. for one hour, followed 
by addition of the starting material benzyl 4-1-(tert-butoxy 
carbonyl)-5-oxo-L-prolylamino)piperidine-1-carboxylate 
(27.17 kg, 60.99 mol) in four portions over 30 minutes, then 
aged for 30 minutes at 20° C. Water (54 kg) and seed material 
(10g) were added (note: crystallization will occur without the 
use of seed, but the use of seed is preferred as it typically 
provides a more consistent product and a better yield), and the 
suspension was aged at 20° C. for 30 minutes. 10% NaCl 
solution (543 kg) was added over 1 hour while keeping the 
temperature at below 25°C. The slurry was then cooled to 3° 
C. over 1 hour and aged overnight at 3° C., after which the 
slurry was filtered, washed three times with water (136 L. 82 
L. 82 L), and dried under vacuum at 55°C., to afford the title 
product as a yellow solid (32.8 kg, 83%). "H NMR (CDC1) 
7.49 (1H, brs), 7.33 (5H, m), 5.83 (1H, brs), 5.13 (2H, s), 
4.48 (1H, s), 4.08 (3H, m), 3.96 (1H, m), 3.45 (3H, s), 3.41 
(3H, s), 3.03 (2H, m), 2.41 (1H, m), 2.24 (1H, m), 1.94 (4H, 
m), 1.68 (5H, s) and 1.44 (12H, s). 

Step 5: Tert-butyl (2S)-2-(1-(benzyloxy)carbonyl 
piperidin-4-yl)amino)carbonyl-5-oxopiperidine-1- 

carboxylate 

0336 

Cbz 
NN O O O Ir cyclooctadiene 

------ I chloride dimer N a 
H 

S N. 

YGis 
Boc 
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-continued 
Cbz 

ul. N e 
H 

N 
1. Boc O 

0337 Iridium cyclooctadiene chloride dimer (336.3 g, 
0.502 mol) in toluene (318 kg) was deoxygenated by degas 
sing using 3 vacuum degas cycles followed by Subsurface 
sparging with nitrogen for 30 minutes, after which the solu 
tion was warmed to 105°C. A solution of the ylide starting 
material (27.0 kg, 50.22 mol) in DMF (128 kg) at 25°C. was 
deoxygenated by degassing using 3 vacuum degas cycles 
followed by subsurface sparging with nitrogen for 30 min 
utes. The degassed solution was then added to the hot catalyst 
solution over 30 minutes, while keeping temperature of the 
reaction mixture above 102° C. The reaction mixture was 
aged at 105°C. for 40 minutes, and then cooled to 20°C. The 
organic reaction mixture was washed twice with 5 wt % 
lithium chloride solution (81 Lx2) then with water (81 L). The 
organic and aqueous phases were separated, and then toluene 
was removed from the organic phase by distillation in vacuo 
to a volume of 130 L and the distilled phase stored refriger 
ated then used directly in the next step. 

Step 6: tert-butyl (2S,5S)-2-(1-(benzyloxy)carbo 
nylpiperidin-4-yl)amino)carbonyl-5-hydroxypip 

eridine-1-carboxylate 

0338 

Cbz 
NN O 

ul Liborohydride, 
N '', THF, CHOH 
H Hops 

N 
Boc1 O 

OH 

H O Na . 
r N O l OC 

Cbz1 

0339 Lithium borohydride solution (22.2 kg of 4.1 M 
solution in THF, 101.9 mol) was diluted with THF (290 kg), 
after which methanol (3.26 kg) was added at 20° C. and the 
solution aged for 30 minutes before cooling to -4° C. A 
Solution of the ketone in toluene (46.8 kg in ~4 mL/g Solution 
in toluene, 101.9 mol) was added to the aged borohydride 
solution while maintaining the reaction temperature at <0°C. 
The reaction was quenched with a solution of acetic acid 
(30.6 kg, 509.5 mol, dissolved in 183 kg methanol), while 
keeping the temperature at <20°C. The quenched reaction 
mixture was then aged at 20°C. for 1 hour, after which it was 
concentrated in vacuo to a volume of 184 L. Methanol (203 
kg) was added, and the batch distilled in vacuo to a volume of 
184 L. Isopropanol (294 kg) was added and the batch was 
distilled in vacuo to a volume of 184L, keeping the internal 
temperature at -30° C. Seed (5 g) was added (note: crystal 
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lization will occur without the use of seed, but the use of seed 
is preferred as it typically provides a more consistent product 
and a better yield), and the batch was aged for 1 hour to form 
a seedbed. Water (560 kg) was then added over ~60 minutes, 
followed by the addition of isopropanol (111 kg). The slurry 
was filtered, washed three times with MTBE (30 kg, 35 kg, 5 
kg), and then dried in vacuo at 55° C. to provide the title 
product (26.74 kg, 57% yield fromylide). H NMR (CDC1) 
7.33 (5H, m), 6.17 (1H, brs), 5.13 (2H, s), 4.61 (1H, m), 4.11 
(3H, m), 3.94 (1H, m), 3.64 (1H, m), 2.98 (2H, m), 2.59 (1H, 
dd), 2.33 (1H, m), 1.94 (4H, m), 1.71 (1H, m), 1.63 (2H, m), 
1.48 (9H, s) and 1.35 (2H, m). 

Step 7: Tert-butyl (2S,5S)-2-(1-(benzyloxy)carbo 
nylpiperidin-4-yl)amino)carbonyl-5-(4-(trifluo 
romethyl)phenylsulfonyloxy)piperidine-1-carboxy 

late 

0340 

N,N-dimethylamino 
pyridine, TEA 

H 
N 

Sr. 
N O Boc 

Cbz1 
CF 

0341 The alcohol starting material (26.6 kg, 57.7 mol) 
was dissolved in dichloromethane (120 kg) and passed 
through a cartridge of activated carbon. N,N-dimethylami 
nopyridine (1.06 kg, 8.66 mol) and TEA (11.1 kg, 109.63 
mol) were added to the alcohol solution, followed by the 
addition of 4-trifluoromethylbenzenesulfonyl chloride (18.0 
kg, 73.6 mol) as a solution indichloromethane (30 kg) over 20 
minutes at a temperature of <25°C. The batch was then aged 
for 3 hours, after which water (110 kg) was added, while 
keeping temperature <25°C. The phases were separated and 
the organic phase was washed twice with water (80 kgx2), 
then with aqueous HCl (15 L of 37 wt % concentrated. HCl in 
water (80 kg)). The organic layer was diluted with dichlo 
romethane (75 kg) and distilled in vacuo to 72 L. MTBE (157 
kg) was then added and the batch was distilled in vacuo to 170 
L to crystallize the product. The slurry was aged for 1 hour 
and then heptane (58 kg) was added over a period of ~20 
minutes and the slurry was aged at 20° C. for 18 hours. The 
aged slurry was then filtered, washed with heptane (20 kg) 
and MTBE (40 kg) and dried on the filter using a stream of 
nitrogen for 24 hours to give the title product (38.3 kg, 98%). 
"H NMR (CDC1) 8.20 (2H, d), 7.85 (2H, d), 7.33 (5H, m), 
6.09 (1H, brs), 5.13 (2H, s), 4.59 (1H, m), 4.46 (1H, m), 4.10 
(3H, m), 3.91 (1H, m), 2.96 (2H, m), 2.75 (1H, m), 2.33 (1H, 
m), 1.58 (1H, m), 1.48 (9H, s) and 1.35 (2H, m). 
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Step 8: Benzyl 4-((2S.5R)-5-(benzyloxy)amino 
piperidin-2-yl)carbonyl)aminolpiperidine-1-car 
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boxylate 
0342 
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(0343 N-Boc-O-benzylhydroxylamine (8.65 g, 38.7 Step 9: Benzyl 4-({(2S.5R)-6-(benzyloxy)-7-oxo-1, 
mmol, as a solution in DMAC volume 38 mL) was added to a 
solution of potassium tert-butoxide (4.35 g, 38.7 mmol) in 
DMAC (80 mL), while maintaining the temperature between 
18°C. and 25°C. The solution was aged for 30 minutes after 
which time it became a slurry. The sulfonate starting material 
(20g, 29.9 mmol) dissolved in DMAC (40 mL) was added to 
the slurry over 15 minutes at 20°C., and the resulting mixture 
was heated to 40° C. for 3.5 hours and then left at 20° C. 
overnight. Water (350 mL) was added to the mixture while 
maintaining the temperature at <30°C. DCM (350 mL) was 
then added, and the phases separated. The organic phase was 
washed three times with water (350 mLX3). The washed 
organic phase was then distilled under atmospheric pressure 
to a volume of 90 mL, after which methanesulfonic acid (10 
mL) was added and the solution heated to 35-40° C. for 8 
hours. The solution was then cooled to 20° C. and 2N NaOH 
(200 mL) added, followed by addition of DCM (90 mL). The 
phases were separated, and the organic phase was washed 
with water (90 mL), and then solvent switched at atmospheric 
pressure to acetonitrile, volume 50 mL. p-Toluenesulfonic 
acid (4 g, 1 equiv. based on product assay) was added as a 
solution in acetonitrile (40 mL) at 40° C. to crystallize the 
product. MTBE (45 mL) was then added and the slurry was 
cooled 20°C., aged at 20° C. for 1 hour, and then filtered to 
give the title product as a mono-tosylate crystalline salt (9.8g. 
53%). H NMR (CDC1,) 7.75 (1H, brs), 7.59 (2H, d), 7.36 
(5H, m), 7.20 (3H, m), 7.14 (2H, d), 6.98 (2H, d), 5.30 (1H, 
m), 5.10 (2H, m), 4.37 (2H, s), 3.88 (3H, m), 3.61 (2H, m), 
3.23 (2H, m), 2.22 (3H, s), 1.65 (1H, m), 1.26 (5H, m) and 
1.21 (3H, m). 

6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 
eridine-1-carboxylate 

0344 

TSOHSalt of 

1. NaHCO3 salt break 
2. triphosgene, DIPEA 

BO N O 

l, 
N 
H 

N '. 
VH 

N 
V 

O OB 

(0345 Benzyl 4-({(2S.5R)-5-[(benzyloxy)aminolpiperi 
din-2-yl)carbonyl)aminolpiperidine-1-carboxylate in the 
form of a tosylate salt (8.1 kg, 12.68 mol) was slurried in 
dichloromethane (108 kg), after which 5 wt % NaHCOs (42 
kg, 25.36 mol) was added and the resulting biphasic mixture 
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was stirred vigorously for 30 minutes. The phases were sepa 
rated, and the organic phase was washed with water (40.5 kg). 
The organic phase was then distilled at atmospheric pressure 
to -20 L, followed by the addition of DCM (108 kg). DIPEA 
(5.25 kg, 40.58 mol) was then added and the batch cooled to 
0-5°C. Triphosgene (3.01 kg, 10.14 mol) was added in four 
portions, while keeping the temperature at <10°C. After 30 
minutes, a dilute phosphoric acid solution (4.97 kg 85 wt % 
phosphoric acidin32 kg water) was added, and the batch aged 
at 20° C. overnight. The phases were separated and the 
organic phase was washed with 5 wt % NaHCO, (26 kg) and 
water (25 kg). The organic phase was then distilled at atmo 
spheric pressure to 30 L. Ethanol (77 kg) was then added, 
followed by the addition of seed (10 g). (Note: Crystallization 
will occur without the use of seed, but the use of seed is 
preferred as it typically provides a more consistent product 
and a better yield.) The slurry was distilled in vacuo to a 
volume of 33 L, then heptane (55 kg) was added dropwise. 
The slurry was then cooled to 0°C., filtered, washed with 3:1 
heptane:ethanol (30 L), and dried on the filter under nitrogen 
stream to give the title product (5.90 kg, 94%). "H NMR 
(CDC1) 7.35 (10H, m), 6.57 (1H, d), 5.14 (2H, s), 5.07 (1H, 
d), 4.92(1H,d), 4.13 (2H, m), 3.95 (1H, m), 3.89 (1H, d), 3.31 
(1H, s), 2.99 (3H, m), 2.65 (1H, d), 2.38 (1H, m), 1.94 (4H, 
m), 1.62 (2H, m) and 1.34 (2H, m). 

Step 10: tert-Butyl 4-({(2S,5R)-6-hydroxy-7-oxo-1, 
6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pip 

eridine-1-carboxylate 

0346) 

O 

1. N O 
!. BocO + 

N .. H2/Pd catalyst 
H -e- 

N 
'H. y V 

B O OB 
OC 
n N O 

l 
N 
H 

N 
'H. y V 

O OH 

0347 Benzyl 4-((2R,5S)-6-(benzyloxy)-7-oxo-1,6-di 
azabicyclo[3.2.1]oct-2-yl)carbonyl)amino)piperidine-1-car 
boxylate starting material (1.9 kg (a 97 wt %) and BocO 
(0.776 kg) were charged to a glass bottle, and the solids were 
dissolved in THF (15 L). The solution was then charged to a 
hydrogenation reactor along with Pd(OH), (184.3 g) and 
another portion of THF (10.8 L). The reaction was carried out 
at 45 psig H, 23° C. for 5 hours. After the reaction was 
complete as determined by HPLC analysis, the solution was 
filtered through solka flok to remove the catalyst and the filter 
cake was washed with THF. The filtrate and washes were then 
solvent switched by vacuum distillation to EtOAc to a volume 
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of 10 L. Approximately 30 L EtOAc was used during the 
solvent switch and the THF level after a constant volume 
distillation (10 L at a maximum temperature of 20°C.) was 
determined by proton NMR to be ~4 mol%THF:EtOAc. The 
resulting EtOAc slurry was aged at room temperature for 1 
hour, after which hexanes (4 L) was added over 1 hour at room 
temperature. The slurry was aged for an additional 1 hour 
after which the Supernatant concentration was measured (tar 
get: ~6 mg/g). The solids were then filtered and washed with 
60% EtOAc/hexanes solution (3x3 L) and dried under 
vacuum and Nat room temperature to afford the title product 
(80% isolated yield). H NMR (400 MHz, CDC1): 8.60 (brs, 
1H), 6.67 (d. J=8.2 Hz, 1H), 4.12-4.00 (m, 2H), 4.00-3.91 (m, 
1H), 3.89 (d. J=7.8 Hz, 1H), 3.81-3.76 (m. 1H), 3.19 (dt, 
J=11.2, 2.9 Hz, 1H), 2.90 (t, J=119 Hz, 2H)2.82 (d. J=11.3 
HZ, 1H), 2.45 (dd, J=15.0, 6.7 Hz, 1H), 2.21-2.11 (m. 1H), 
2.02-1.85 (m,3H), 1.80-1.69 (m. 1H), 1.48 (s.9H), 1.44-1.30 
(m. 2H) 

Step 11: The sulfate tetrabutylammonium salt 

0348 

Boc 
n N O 

1. Py-SO, 
l 2-picoline, THF 

N 2. KHPO4, 
N BuNHSO4. 

'H. DCM y V 
O OH 

Boc 
n N 

- ', 
H 

N '' 
*H y 

V -- 
O OSO-BuN 

(0349 tert-Butyl 4-((2S.5R)-6-hydroxy-7-oxo-1,6-diaz 
abicyclo[3.2.1]oct-2-yl)carbonyl)amino)piperidine-1-car 
boxylate, (3.0 kg), THF (30 L), 2-picoline (1.61 L) and pyri 
dine-SO complex (4.54 kg) were charged to a flask under 
nitrogen. No exotherm was observed. The heterogeneous 
mixture was allowed to stir overnight (~15h). DCM (8L) was 
then added and the mixture was concentrated by vacuum 
distillation, removing -30 L of THF/DCM. Additional DCM 
(28 L) was added, followed by the addition of water (20 L). 
The flask was placed in an ice bath and KHPO (2.20 kg) was 
added over 4 minutes, followed by a water rinse (1 L). 
BuNHSO (2.90 kg) was then added over 10 minutes fol 
lowed by additional water (4 L). The biphasic mixture was 
stirred for 30 minutes, after which the bottom organic layer 
was transferred to a 100-L extractor via an in-line filter. The 
aqueous layer remaining in the flask was rinsed with addi 
tional DCM (2x4L), and then also transferred to the extractor. 
A Small amount of aqueous layer (~2 L) had also been trans 
ferred, and the two layers were separated. The organic layer 
was returned to the extractor and washed with water (1x6 L); 
pH was 4.5. The organic layer was separated and charged to a 
new flask via an in-line filter. The mixture was solvent 
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switched to 2.2.2-trifluoroethanol by vacuum distillation (34 
L final volume) and used as is in the next step. Water content 
by Karl-Fisher titration was 1900 ppm. 
0350. In a smaller-scale experiment using the same proce 
dure, evaporation of the solvent gave a solid from which H 
NMR data were collected. "H NMR (400 MHz, CDC1): 6.65 
(d. J=8.4 Hz, 1H), 4.37-4.32 (m. 1H), 4.18-4.00 (m, 2H), 
4.00-3.89 (m, 1H), 3.87 (d. J=7.7 Hz, 1H), 3.36-3.27(m,9H), 
2.95-2.79 (m, 2H), 2.75 (d. J=11.4 Hz, 1H), 2.42 (dd, J=15.0, 
6.9 HZ, 1H)2.24-2.11 (m, 2H), 1.96-1.81 (m, 3H), 1.74-1.60 
(m, 8H), 1.47 (s, 9H), 1.46 (m, 8H), 1.39 (m, 2H), 1.01 (t, 
J=7.3, 12H) 

Step 12: (2S,5R)-7-Oxo-N-piperidin-4-yl-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide 

0351 

1. HBF4-OEt, Boc 
NN O TFE 

2. NaHCO3 
o 3. crystallization N 
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0352. The solution of BuNOSO, salt in TFE (34 L) was 
used as received from the prior step with an assumed yield of 
100%. The reaction mixture was cooled in an ice bath, and 
HBF-EtO (1.57 L) was added via addition funnel over 11 
minutes between 18°C. and 22°C. The resulting white slurry 
was allowed to stir overnight (12 hours). TFE (~15 L) was 
removed by vacuum distillation. DCM (15 L) was then added. 
To a 100-L extractor was charged pyrogen-free water (35 L) 
and NaHCO (274g), and the solution was cooled to 13°C. 
The reaction mixture was transferred by vacuum into the 
extractor with temperature of 11-13°C. The reaction flask 
was rinsed with additional DCM (5 L) and the suspension also 
transferred to the extractor. The reaction mixture was warmed 
to 18.5° C. and de-pyrogenated water (12 L) was added to 
solubilize all the solids. The final pH was 4.5. The organic 
layer was separated, and the aqueous layer was washed with 
DCM (2x16 L). Assay of the aqueous layer showed 2.38 kg 
(83.8%) 
0353. The aqueous layer was charged to a clean flask. The 
solution was concentrated by vacuum distillation followed by 
azeotropic distillation with IPA. At this time, "H NMR analy 
sis of the IPA:HO ratio indicated the presence of 13.4 L of 
water and 24.6 L of IPA. IPA (22 L) was added. The white 
crystalline solid was filtered and washed with 7:1 IPA:de 
pyrogenated water (16 L) and dried under vacuum and nitro 
gen at room temperature to afford the title product in the form 
of a crystalline channel hydrate, 1.5 wt % water. (Yield=1.715 
kg, 57.4% over Steps 11 and 12). H NMR (400 MHz, 
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DMSO-d): 8.3 (brs, 2H), 8.21 (d. J–7.8 Hz, 1H), 4.01 (s, 
1H), 3.97-3.85 (m. 1H), 3.75 (d. J=6.5 Hz, 1H) 3.28 (dd, 
J=12.9, 2.5 Hz, 2H)3.05-293 (m, 4H), 2.08-197 (m, 1H), 
1.95-1.79 (m, 3H), 1.75-1.59 (m, 4H) 

Example 1D 

Crystalline monohydrate of (2S.5R)-7-oxo-N-piperi 
din-4-yl-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane 

2-carboxamide 

Part A: Preparation 

Example 1D 

Crystalline monohydrate of (2S.5R)-7-oxo-N-piperi 
din-4-yl-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane 

2-carboxamide 

Part A: Preparation 
0354 Amorphous (2S,5R)-7-oxo-N-piperidin-4-yl-6- 
(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxamide (1 
g) and deionized water (5 mL) were added to a glass vial, and 
the resulting slurry was stirred at room temperature until 
XRPD monitoring (see Part B) indicated that conversion to a 
different form was complete. The crystalline solid was then 
collected by gravity filtration and dried at room temperature. 
0355 The crystalline slurry can alternatively be isolated 
by evaporative removal which, because the crystalline 
hydrate is soluble in water (about 55 g/mL at room tempera 
ture), can result in a higher yield. 
0356 Drying can dehydrate the crystals, and thus drying 
methods employing vacuums and/or high temperatures 
should generally not be used. Controlling the relative humid 
ity of the drying environment can minimize or avoid dehy 
dration. For example, the crystals can be dried using a nitro 
gen Steam with a controlled moisture content (e.g., in a range 
of from about 40% to about 70% relative humidity) to avoid 
dehydration. 
0357 The crystalline hydrate can also be obtained by slur 
rying in a mixture of isopropyl alcohol and water and using 
any of the isolation procedures set forth above. The ratio of 
isopropyl alcohol to water is suitably about 7:1 by volume. 

Part B: Characterization 

0358 An XRPD pattern of a crystalline monohydrate pre 
pared in accordance with the method described in Part A was 
generated on a Philips Panalytical X'Pert Pro X-ray powder 
diffractometer with a PW3040/60 console using a continuous 
scan from 4 to 40 degrees 20. Copper K-Alpha 1 (KO1) and 
K-Alpha 2 (KC.2) radiation was used as the source. The 
experiment was conducted with the sample at room tempera 
ture and open to the atmosphere. The XRPD pattern is shown 
in FIG. 1. 20 values and the corresponding d-spacings in the 
XRPD pattern include the following: 

TABLE 1 

XRPD of crystalline monohydrate 

Peak No. d-spacing (A) 2 Theta 

1 6.5 13.5 
2 5.7 15.5 
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TABLE 1-continued 

XRPD of crystalline monohydrate 

Peak No. d-spacing (A) 2 Theta 

3 S.6 15.6 
4 S.1 17.4 
5 4.7 18.7 
6 4.5 19.7 
7 4.4 20.4 
8 4.1 21.7 
9 3.8 22.6 
10 3.7 24.O 
11 3.6 24.3 
12 3.4 25.9 
13 3.3 26.3 
14 3.3 26.6 
15 3.2 27.0 
16 3.2 27.5 
17 3.0 29.3 
18 2.9 3O.O 
19 2.8 31.3 
2O 2.7 32.4 
21 2.7 32.9 
22 2.6 33.1 
23 2.6 34.O 
24 2.5 34.7 
25 2.5 35.5 
26 2.3 38.9 

0359 Crystalline monohydrate prepared in accordance 
with the method described in Part A was analyzed with a TA 
Instruments DSC Q 1000 differential scanning calorimeter 
(DSC) at a heating rate of 10°C/minute from 25°C. to 350° 
C. in an open aluminum pan in a nitrogen atmosphere. The 
DSC curve (see FIG. 2) exhibited an endotherm due to water 
loss with an onset temperature of 22.5° C. and enthalpy 
change of 186J/g. Decomposition is observed above 270° C. 
0360. A thermogravimetric analysis (TGA) of crystalline 
monohydrate prepared in accordance with the method 
described in Part A was performed with a TA Instruments 
TGAQ 500 under nitrogen at a heating rate of 10°C/minute 
from 25° C. to 300° C. The TGA showed a weight loss of 4.9 
wt.%up to 100° C. followed by decomposition above 270° C. 
The 4.9 wt.% loss corresponds to the loss of 1 mole of water 
per mole of the compound which is consistent with a mono 
hydrate. 

Example 2 

(2S.5R)-N-(4S)-Azepan-4-yl-7-oxo-6-(sulfooxy)- 
1,6-diazabicyclo[3.2.1-octane-2-carboxamide 

0361 

BOC 
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Step 1: tert-Butyl (4S)-4-({(2S.5R)-6-(benzyloxy)- 
7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)azepane-1-carboxylate 

0362. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (51.7 mg, 
0.187 mmol) in dry dichloromethane (2 mL) was added a 
solution of tert-butyl (4S)-4-aminoazepane-1-carboxylate 
(69 mg, 0.275 mmol), triethylamine (0.090 mL, 0.646 mmol), 
HOBT (42.5 mg, 0.278 mmol), and EDC (54.7 mg, 0.285 
mmol) sequentially at room temperature under nitrogen. The 
reaction was stirred at room temperature overnight. The reac 
tion mixture was concentrated under vacuum and the residue 
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was purified by HPLC on a 30x100 mm Waters Sunfire col 
umn eluted with 15% to 100% CHCN+0.05% TFA/water+ 
0.05% TFA over 15 minutes to afford the title compound as a 
white solid after lyophilization. 

Step 2: tert-Butyl (4S)-4-((2S.5R)-6-hydroxy-7- 
oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)azepane-1-carboxylate 

0363 Palladium on carbon (11.8 mg: 10% Pd/C) was 
added to a solution of tert-butyl (4S)-4-({(2S.5R)-6-(benzy 
loxy)-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)azepane-1-carboxylate (49.7 mg, 0.33 
mmol) in methanol (1.5 mL) and the resulting mixture was 
stirred under hydrogen (balloon) for 3 hours. TLC analysis 
showed the reaction was complete. The reaction mixture was 
filtered through a microfilter and the filtrate was concentrated 
under vacuum to afford the impure title compound as a white 
foam (44.8 mg) which was used without purification in the 
next step. 

Step 3: N.N.N-Tributylbutan-1-aminium ((2S.5R)- 
2-(4S)-azepan-4-ylaminolcarbonyl-7-OXO-1,6- 

diazabicyclo[3.2.1]oct-6-yl)oxylsulfonyl oxidanide 

0364) To a solution of impure tert-butyl (4S)-4-({(2S, 
5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)azepane-1-carboxylate (40.2 mg, 0.105 
mmol) in pyridine (1 mL) was added sulfur trioxide pyridine 
complex (42.1 mg, 0.265 mmol). The mixture was stirred at 
room temperature under nitrogen overnight. LC/MS analysis 
showed incomplete reaction.). Additional pyridine was added 
followed by additional sulfur trioxide pyridine complex (40 
mg). The resulting mixture was stirred at room temperature 
for five hours. The reaction was filtered and the solids were 
washed with dichloromethane. The filtrate was concentrated 
in vacuo and Suspended in Saturated aqueous potassium dihy 
drogenphosphate Solution. The resulting mixture was 
extracted with ethyl acetate. The aqueous layer was collected 
and tetrabutylammonium hydrogen sulfate (0.036 mg, 0.105 
mmol) was added. The mixture was stirred for 10 minutes 
then extracted with EtOAc (4x). The organic layers were 
combined, dried over Sodium Sulfate, and concentrated in 
vacuo to afford the title compound as a colorless oil. 

Step 4: (2S.5R)-N-(4S)-Azepan-4-yl-7-oxo-6- 
(Sulfooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxa 

mide 

0365. To a solution of N.N.N-tributylbutan-1-aminium 
{((2S.5R)-2-(4S)-azepan-4-ylaminocarbonyl-7-oxo-1, 
6-diazabicyclo[3.2.1]oct-6-yl)oxylsulfonyl oxidanide (30.9 
mg, 0.067 mmol) in anhydrous dichloromethane (7 mL) at 0° 
C. under nitrogen was added trifluoroacetic acid (0.5 mL, 6.5 
mmol) dropwise. The reaction mixture was stirred for two 
hours then concentrated under vacuum. Ether was added to 
the residue and the resulting white precipitate was collected 
by centrifugation. The precipitate was purified by HPLC on a 
Phenomenex Synergy Polar-RP80A column and lyophilized 
to afford the title compound as a white solid. LC-MS (nega 
tive ionization) m/e361 (M-H); LC-MS (positive ionization) 
m/e 385 (M+Na); H NMR (600 MHz, D.O; unreferenced) 
(8, ppm) 4.17 (1H, brid, J–3 Hz), 3.96-4.03 (2H, m), 3.27-3. 
38 (3H, m), 3.15-3.22 (2H, m), 3.02 (1H, d, J=12 Hz), 1.62 
2.18 (m, 12H). 
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Example 3 

(2S,5R)-N-(4R)-Azepan-4-yl-7-oxo-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide 
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0367 By substituting tert-butyl (4R)-4-aminoazepane-1- 
carboxylate for tert-butyl (4S)-4-aminoazepane-1-carboxy 
late in the procedure of Example 2, the title compound can be 
prepared. 
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Example 4 

(2S,5R)-7-Oxo-N-(3R)-pyrrolidin-3-yl)-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1-octane-2-carboxam 

ide 
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Step 1: tert-Butyl (3R)-3-((2S.5R)-6-(benzyloxy)- 
7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)pyrrolidine-1-carboxylate 
0369 To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (53 mg, 
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0.192 mmol) in dry dichloromethane (2 mL) was added a 
solution of tert-butyl (3R)-3-aminopyrrolidine-1-carboxylate 
(55 mg, 0.288 mmol), triethylamine (0.061 mL, 0.441 mmol), 
HOBT (44.1 mg, 0.288 mmol), and EDC (55.2 mg, 0.288 
mmol) sequentially at room temperature under nitrogen. The 
reaction was stirred at room temperature for six hours. The 
reaction mixture was concentrated under vacuum and the 
residue was purified by HPLC on a 30x100 mm Waters Sun 
fire column eluted with 15% to 100% CH3CN+0.05% TFAf 
water+0.05% TFA over 15 minutes to afford the title com 
pound. 

Step 2: tert-Butyl (3R)-3-((2S,5R)-6-hydroxy-7- 
oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)pyrrolidine-1-carboxylate 
0370 Palladium on carbon (9.18 mg: 10% Pd/C) was 
added to a solution of tert-butyl (3R)-3-((2S.5R)-6-(benzy 
loxy)-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)pyrrolidine-1-carboxylate (38 mg, 0.085 
mmol) in methanol (2 mL) and the resulting mixture was 
stirred under hydrogen (balloon) for 3 hours. TLC analysis 
showed the reaction was complete. The reaction mixture was 
filtered through a microfilter and the filtrate was concentrated 
under vacuum to afford the impure title compound as an oil. 

Step 3: N,N-Dibutylbutan-1-aminium ({(2S.5R)-2- 
({(3R)-1-(tert-butoxycarbonyl)pyrrolidin-3-yl) 

aminocarbonyl)-7-oxo-1,6-diazabicyclo[3.2.1]oct 
6-yl)oxysulfonyl)oxidanide 

0371 To a solution of tert-butyl (3R)-3-((2S,5R)-6-hy 
droxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)pyrrolidine-1-carboxylate (30 mg, 0.085 
mmol) in pyridine (1 mL) was added sulfur trioxide pyridine 
complex (53.9 mg, 0.339 mmol) and 4 A molecular sieves. 
The mixture was stirred at room temperature under nitrogen 
overnight. LC/MS analysis showed incomplete reaction. The 
reaction mixture was filtered and the filtrate was concentrated 
under vacuum. The residue was chromatographed on HPLC 
to recover unreacted starting material which was resubjected 
to the reaction conditions. The combined product was Sus 
pended in Saturated aqueous potassium dihydrogenphosphate 
solution. The resulting mixture was washed with ethyl 
acetate. The aqueous layer was collected and tetrabutylam 
monium hydrogen sulfate was added. The mixture was stirred 
for 10 minutes then extracted with EtOAc (4x). The organic 
layers were combined, dried over Sodium Sulfate, and con 
centrated in vacuo to afford the title compound as a colorless 
oil. 

Step 4: (2S.5R)-7-Oxo-n-(3R)-pyrrolidin-3-yl)-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1-octane-2-car 

boxamide 

0372 To a solution of N,N-dibutylbutan-1-aminium 
({(2S.5R)-2-((3R)-1-(tert-butoxycarbonyl)pyrrolidin-3- 
yl)aminocarbonyl)-7-oxo-1,6-diazabicyclo[3.2.1]oct-6-yl) 
oxysulfonyl)oxidanide (2 mg, 0.046 mmol) in anhydrous 
dichloromethane (0.5 mL) at 0°C. under nitrogen was added 
trifluoroacetic acid (0.525 mL, 0.046 mmol) dropwise. The 
reaction mixture was stirred for two hours then concentrated 
under vacuum. Ether was added to the residue and the result 
ing white precipitate was collected by centrifugation. The 
purified by HPLC on a Phenomenex Synergy Polar-RP 80A 
column and lyophilized to afford the title compound as a 
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Step 1: (2S,5R)-6-(Benzyloxy)-7-oxo-N-pyridin-4- 
yl-1,6-diazabicyclo[3.2.1]octane-2-carboxamide 

0376 To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (51.5 mg, 
0.186 mmol) in dry dichloromethane (5 mL) was added tri 
ethylamine (0.065 mL, 0.466 mmol), 2-chloro-1-methylpy 
ridinium iodide (63.4 mg. 0.248 mmol), and 4-aminopyridine 
(19.2 mg, 0.204 mmol) sequentially at room temperature 
under nitrogen. The reaction was then heated to 50° C. for 1.5 
hours. LC/MS showed reaction complete. The reaction mix 
ture was concentrated and purified by HPLC on a 30x100mm 
Waters Sunfire column to afford the title compound as an 
orange solid after lyophilization. 

Step 2: (2S,5R)-6-hydroxy-7-oxo-N-pyridin-4-yl-1, 
6-diazabicyclo[3.2.1]octane-2-carboxamide 

0377 Palladium on carbon (13.2 mg: 10% Pd/C) was 
added to a solution of (2S,5R)-6-(benzyloxy)-7-oxo-N-pyri 
din-4-yl-1,6-diazabicyclo3.2.1]octane-2-carboxamide 
(52.7 mg, 0.15 mmol; combined product of two runs) in 
methanol (1.5 mL) and the resulting mixture was stirred 
under hydrogen (balloon) for 5 hours. TLC and HPLC analy 
sis showed a small amount of starting material remaining. 
Additional catalyst (5.6 mg) was added and the resulting 
mixture was stirred under hydrogen (balloon) for an addi 
tional 1 hour. The reaction mixture was filtered through a 
microfilter and the filtrate was concentrated under vacuum to 
afford the title compound as a colorless oil. 

Step 3: (2S,5R)-7-Oxo-N-pyridin-4-yl-6-(sulfooxy)- 
1,6-diazabicyclo[3.2.1]octane-2-carboxamide 

0378. To a solution of (2S,5R)-6-hydroxy-7-oxo-N-pyri 
din-4-yl-1,6-diazabicyclo[3.2.1]octane-2-carboxamide (9.2 
mg, 0.035 mmol) in dry pyridine (0.5 mL) was added dried 4 
A molecular sieves and sulfur trioxide pyridine complex (22 
mg, 0.138 mmol) at room temperature under nitrogen. The 
mixture was stirred for four hours. The reaction mixture was 
filtered and the solids washed with dichloromethane, aceto 
nitrile, and methanol. The filtrate was concentrated under 
vacuum and the residue was triturated with ethyl acetate. The 
residue was dried under vacuum, dissolved in Saturated 
sodium dihydrogen phosphate and purified by HPLC on a 
Phenomenex Synergi Polar-RP80A column to afford the title 
compound as a white solid after lyophilization. LC-MS 
(negative ionization) m/e 341 (M-H); LC-MS (positive ion 
ization) m/e343 (M+H); H NMR (600 MHz, DO; unrefer 
enced) (8, ppm) 8.57 (2H, brs), 8.15 (2H, brs), 4.27 (1H, br 
d, J=7 Hz), 4.20(1H, brs), 3.33 (1H, d, J–12 Hz), 3.10 (1H, 
d, J=12 Hz), 2.28-2.32 (1H, m), 2.08-2.11 (1H, m), 1.93-1.98 
(1H, m), 1.83-1.88 (1H, m). 
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Example 7 

(2S.5R) N-(2-Methoxypyridin-4-yl)-7-oxo-6-(sul 
fooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxamide 

0379 

No 
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Step 1: (2S,5R)-6-(Benzyloxy)-N-(2-methoxypyri 
din-4-yl)-7-oxo-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

0380. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (38.9 mg, 
0.141 mmol) in dry dichloromethane (2 mL) was added tri 
ethylamine (0.049 mL, 0.352 mmol), 2-chloro-1-methylpy 
ridinium iodide (53.3 mg, 0.209 mmol), and 2-methoxy-4- 
aminopyridine (20.2 mg, 0.163 mmol) sequentially at room 
temperature under nitrogen. The reaction was then heated to 
50° C. for 1.5 hours. LC/MS showed reaction complete. The 
reaction mixture was concentrated and purified by HPLC on 
a 30x100 mm Waters Sunfire column to afford the title com 
pound as an orange solid after lyophilization. 
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Step 2: (2S,5R)-6-Hydroxy-N-(2-methoxypyridin-4- 
yl)-7-oxo-1,6-diazabicyclo[3.2.1]octane-2-carboxa 

mide 

0381 Palladium on carbon (13.4 mg. 10% Pd/C) was 
added to a solution of (2S,5R)-6-(benzyloxy)-N-(2-methoxy 
pyridin-4-yl)-7-oxo-1,6-diazabicyclo3.2.1]octane-2-car 
boxamide (43.6 mg, 0.114 mmol) in methanol (1 mL) and the 
resulting mixture was stirred under hydrogen (balloon) over 
night. HPLC analysis showed reaction complete. The reac 
tion mixture was filtered through a microfilter and the filtrate 
was concentrated under vacuum to afford the title compound 
as an impure colorless oil. 

Step 3: (2S,5R) N-(2-Methoxypyridin-4-yl)-7-oxo 
6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2-car 

boxamide 

0382 To a solution of (2S,5R)-6-hydroxy-N-(2-methoxy 
pyridin-4-yl)-7-oxo-1,6-diazabicyclo3.2.1]octane-2-car 
boxamide (33 mg, 0.114 mmol) in dry pyridine (1 mL) was 
added sulfur trioxide pyridine complex (111 mg 0.696 
mmol) at room temperature under nitrogen. The mixture was 
stirred for four hours. The reaction mixture was filtered and 
the solids washed with dichloromethane, acetonitrile, and 
methanol. The filtrate was concentrated under vacuum and 
the residue was triturated with ethyl acetate then dried under 
vacuum, dissolved in saturated sodium dihydrogen phosphate 
and purified by HPLC on a Phenomenex Synergi Polar-RP 
80A column to give a white solid which was further purified 
on a Waters Sunfire column to give a white solid which was 
further purified by HPLC on a Phenomenex Synergi Polar-RP 
80A column to afford the title compound as a white solid after 
lyophilization. LC-MS (negative ionization) m/e371 (M-H): 
LC-MS (positive ionization) m/e373 (M+H); H NMR (600 
MHz, DO; unreferenced) (8, ppm) 8.10 (1H, brid, J=6 Hz), 
7.59 (1H, s), 7.41 (1H, d. J=6 Hz), 4.26 (1H, brid, J–7 Hz), 
4.23 (1H, brs), 4.07 (3H, s), 3.36 (1H, d, J=12 Hz), 3.12 (1H, 
d, J=12 Hz), 2.29-2.33 (1H, m), 2.10-2.14 (1H, m), 1.93-1.99 
(1H, m), 1.84-1.90 (1H, m). 

Example 8 

(2S.5R) N-2-(Dimethylamino)pyridin-4-yl-7- 
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

0383 

N N 1 

O N 21 
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Step 1: (2S,5R)-6-(Benzyloxy)-N-2-(dimethy 
lamino)pyridin-4-yl-7-oxo-1,6-diazabicyclo[3.2.1 

octane-2-carboxamide 

0384. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (37.3 mg, 
0.135 mmol) in dry dichloromethane (2.5 mL) was added 
triethylamine (0.047 mL, 0.338 mmol), 2-chloro-1-meth 
ylpyridinium iodide (38.3 mg 0.15 mmol), and 2-dimethy 
lamino-4-aminopyridine (21.7 mg, 0.158 mmol) sequentially 
at room temperature under nitrogen. The reaction was then 
heated to 50° C. for 1.5 hours. LC/MS showed reaction com 
plete. The reaction mixture was concentrated and purified by 
HPLC on a 30x100 mm Waters Sunfire column to afford the 
title compound as an off-white solid after lyophilization. 

Step 2: (2S,5R)-N-2-(Dimethylamino)pyridin-4- 
yl-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]octane 

2-carboxamide 

(0385 Palladium on carbon (10.4 mg. 10% Pd/C) was 
added to a solution of (2S,5R)-6-(benzyloxy)-N-2-(dim 
ethylamino)pyridin-4-yl-7-oxo-1,6-diazabicyclo[3.2.1]oc 
tane-2-carboxamide (47.8 mg, 0.121 mmol) in methanol (2 
mL) and the resulting mixture was stirred under hydrogen 
(balloon) overnight. HPLC analysis showed reaction com 
plete. The reaction mixture was filtered through a microfilter 
and the filtrate was concentrated under vacuum to afford the 
title compound as a colorless oil which was used in the next 
step without further purification. 

Step 3: (2S,5R)-N-2-(Dimethylamino)pyridin-4- 
yl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]oc 

tane-2-carboxamide 

0386 To a solution of (2S.5R)—N-2-(dimethylamino) 
pyridin-4-yl)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oc 
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tane-2-carboxamide (37 mg, 0.121 mmol) in dry pyridine (1.5 -continued 
mL) was added Sulfur trioxide pyridine complex (92 mg, NHBOC 
0.578 mmol) at room temperature under nitrogen. The mix 
ture was stirred for seven hours. NMR analysis of an aliquot O 
showed incomplete reaction. Additional pyridine (2 mL) and u 
sulfur trioxide pyridine complex (60 mg) were added and the 1. -- 
resulting mixture was stirred at room temperature under H 
nitrogen. The reaction mixture was concentrated under N '', 
vacuum and the residue was purified by HPLC on a Phenom- ) N H 
enex Synergi Polar-RP 80A column to give impure product 
which was further purified on a Waters Sunfire column to NH O OSOH 
afford the title compound as a white solid after lyophilization. 2 
LC-MS (negative ionization) m/e384 (M-H); LC-MS (posi 
tive ionization) m/e 386 (M+H); H NMR (600 MHz, DO; O 
unreferenced) (8, ppm) 7.77 (1H, brd, J=6 Hz), 7.41 (1H, s), l 
6.94 (1H, d. J=6 Hz), 4.23 (2H, brs), 3.36 (1H, d, J–12 Hz), 1". 
3.18 (6H, s), 3.11 (1H, d, J=12 Hz), 2.29-2.32 (1H, m), H 
2.1.0-2.14 (1H, m), 1.93-1.99 (1H, m), 1.84-1.90 (1H, m). N "H y 

Example 9 O Yosoft 

(2S,5R) N-4-(Aminomethyl)phenyl-7-oxo-6- 
(Sulfooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxa- Step 1: tert-butyl 4-({(2S.5R)-6-(benzyloxy)-7-oxo 

mide 1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino) 
benzylcarbamate 

0387 0388 To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo3.2.1]octane-2-carboxylic acid (29.9 mg, 
0.108 mmol) in dry dichloromethane (3 mL) was added tri 

NHBOC ethylamine (0.038 mL, 0.271 mmol), 2-chloro-1-methylpy 
ridinium iodide (41.0 mg, 0.160 mmol), and 4-(N-BOC-ami 

O nomethyl)aniline (30.6 mg, 0.138 mmol) sequentially at 
! room temperature under nitrogen. The reaction was then 

Ho1'. NH2 heated to 60° C. for 2 hours. LC/MS showed no starting 
Her material remaining. The reaction mixture was concentrated 

N '/H (1) and purified by HPLC on a Waters Sunfire column to afford 
N the title compound. 

O OCH2Ph Step 2: tert-butyl-4-({(2S.5R)-6-hydroxy-7-oxo-1,6- 
NHBOC diazabicyclo[3.2.1]oct-2-yl)carbonylamino)benzyl 

carbamate 

O (0389 Palladium on carbon (7.8 mg: 10% Pd/C) was added 
to a solution of the product of step 1 (35 mg, 0.073 mmol) in 

1. -- methanol (2 mL), and the resulting mixture was stirred under 
H hydrogen (balloon) overnight. LC-MS analysis showed the 

N '', reaction was complete. The reaction mixture was filtered 
N H through a microfilter and the filtrate was concentrated under 
V vacuum which was azeotroped from toluene to afford the title 

O OCHPh compound as a white solid. 
NHBOC 

Step 3: tert-butyl-4-({(2S.5R)-7-oxo-6-(sulfooxy)-1, 
O 6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)ben 

ul Zylcarbamate 
1. -- 0390 To a solution of the product of step 2 (28.9 mg, 0.074 

H mmol) in dry pyridine (1 mL) was added sulfur trioxide 
N '', pyridine complex (60.3 mg, 0.379 mmol) at room tempera 

) N H ture under nitrogen. The mixture was stirred at room tempera 
V ture overnight. LC-MS analysis showed reaction approxi 

O OH mately 50% complete. Additional sulfur trioxide pyridine 
complex (64.4 mg) was added to the reaction mixture and 
stirring continued at room temperature. After 7 hours, LC-MS 
analysis showed mostly product. The reaction mixture was 
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filtered and the insoluble solids were washed well with 
dichloromethane. The filtrate was concentrated under 
vacuum and the residue was azeotroped with toluene to 
remove excess pyridine. The crude title compound thus 
obtained was used without further purification in the next 
reaction. 

Step 4: (2S,5R) N-4-(aminomethyl)phenyl-7- 
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

0391 To a mixture of the product of step 3 (34.8 mg 0.074 
mmol) in dry dichloromethane (3 mL) at 0°C. under nitrogen 
was added trifluoroacetic acid (1.0 mL, 13 mmol). All solids 
dissolved immediately upon addition of trifluoroacetic acid. 
the solution was stirred for 1.5 ours at which time LC-MS 
analysis showed reaction complete. The reaction was concen 
trated under vacuum and the residue was triturated with ether 
to remove excess trifluoroacetic acid and organic impurities. 
The resulting Sticky Solid was dried under vacuum and stored 
in the freezer overnight. The crude product was purified by 
HPLC on a Phenomenex Synergi Polar-RP 80A column to 
afford the impure title compound as a white solid after lyo 
philization. The solid was triturated with acetonitrile (3x) to 
afford the pure title compound as a white solid. LC-MS (nega 
tive ionization) m/e369 (M-H); LC-MS (positive ionization) 
m/e 354 (M+H-NH); H NMR (600 MHz, D.O; unrefer 
enced) (8, ppm) 7.53 (2H, d. J=8.5 Hz), 7.46 (2H, d, J–8.5 
Hz), 4.23 (2H, brs), 4.11 (2H, s), 3.39 (1H, d, J=12 Hz), 3.18 
(1H, d, J–12 Hz), 2.27-2.31 (1H, m), 2.09-2.14 (1H, m), 
1.90-2.00 (1H, m), 1.813-1.89 (1H, m). 

Example 10 

(2S.5R)-7-Oxo-2-(piperidin-4-ylamino)carbonyl-1, 
6-diazabicyclo[3.2.1]octane-6-sulfonic acid 

0392 
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Step 1: tert-Butyl 4-({(2S.5R)-7-oxo-6-(phenoxy 
carbonothioyl)oxy-1,6-diazabicyclo[3.2.1]oct-2- 

y1}carbonyl)aminolpiperidine-1-carboxylate 
0393 A solution phenyl chlorothionocarbonate (1.25 eq.) 
in dichloromethane is added to a solution of pyridine (1.25 
eq.), 4-dimethylaminopyridine (0.1 eq.) and tert-butyl 4-({ 
(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 
carbonyl)amino)piperidine-1-carboxylate (see Example 1, 
Step 2) in dichloromethane. The resulting mixture is stirred at 
room temperature overnight then cooled in an ice bath and 
quenched by addition of water. The layers are separated and 
the aqueous layer is extracted with dichloromethane. The 
combined organic layers are dried over Sodium sulfate, fil 
tered, and concentrated under vacuum. The residue is purified 
by silica gel chromatography to afford the title compound. 

Step 2: tert-Butyl 4-({(2S.5R)-7-oxo-1,6-diazabicy 
clo[3.2.1]oct-2-yl)carbonyl)amino)-piperidine-1- 

carboxylate 
0394 AIBN (0.1 eq) is added to a solution of tert-butyl 
4-({(2S.5R)-7-oxo-6-(phenoxycarbonothioyl)oxy-1,6-di 
azabicyclo[3.2.1]oct-2-yl)carbonyl)aminolpiperidine-1-car 
boxylate in dry benzene and the resulting mixture is heated to 
reflux. A solution of tributyltin hydride (1.25 eq.) in benzene 
is added over a period of one hour and the resulting mixture is 
refluxed for an additional 3 hours. The reaction mixture is 
concentrated under vacuum and the residue is purified by 
silica gel chromatography to afford the title compound. 

Step 3: (2S,5R)-2-(1-(tert-Butoxycarbonyl)piperi 
din-4-yl)aminocarbonyl)-7-oxo-1,6-diazabicyclo[3. 

2.1 octane-6-sulfonic acid 
0395. The product of step 2 is sulfated according to the 
procedure of Step 3 of Example 1 to afford the title com 
pound. 
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Step 1: tert-butyl (3S)-3-((2S.5R)-6-(benzyloxy)- 
7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)pyrrolidine-1-carboxylate 
04.04 To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (1 g, 3.62 
mmol) in dry dichloromethane (30 mL) was added dimethy 
laminopyridine (884 mg.L. 7.24 mmol), EDC (1.388 g, 7.24 
mmol), and tert-butyl (3S)-3-aminopyrrolidine-1-carboxy 
late (742 mg, 3.98 mmol) sequentially at room temperature 
under nitrogen. The reaction mixture was stirred at room 
temperature over the weekend. The reaction mixture was then 
concentrated under vacuum and the residue was purified by 
HPLC on a 30x100 mm Waters Sunfire column eluted with 
15% to 100% CHCN+0.05% TFA/water+0.05% TFA over 
15 minutes to afford the title compound as a white solid. 

Step 2: tert-butyl (3S)-3-((2S,5R)-6-hydroxy-7- 
oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)pyrrolidine-1-carboxylate 
04.05 Palladium on carbon (335 mg: 10% Pd/C) was 
added to a solution of the product of Step 1 (1.4g, 3.15 mmol) 
in methanol (30 mL) and the resulting mixture was stirred 
under hydrogen (balloon) for 1 hour. LC-MS analysis showed 
the reaction was complete. The reaction mixture was filtered 
and the filtrate was concentrated under vacuum to afford the 
title compound as an oil which was used without purification 
in the next step. 

Step 3: tert-butyl3-((2S.5R)-7-oxo-6-(sulfooxy)-1, 
6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)pyrro 

lidine-1-carboxylate 

0406 To a solution of the product of Step 2 (1.11 g, 3.15 
mmol, theoretical yield of Step 2) in pyridine (10 mL) was 
added sulfur trioxide pyridine complex (2.51 g, 15.75 mmol). 
The mixture was stirred at room temperature under nitrogen 
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overnight. Dichloromethane was added and the mixture was 
filtered. The collected solid was washed with dichlo 
romethane (4x) and the combined filtrates were concentrated 
under vacuum. The residue was used without purification in 
the next step. 

Step 4: (2S.5R)-7-oxo-N-(3S)-pyrrolidin-3-yl)-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1-octane-2-car 

boxamide 

(0407. To a solution of the product of Step 3 (1.37 g., 3.15 
mmol, theoretical yield of step 3) in anhydrous dichlo 
romethane (5 mL) at 0°C. under nitrogen was added TFA (2 
mL, 26 mmol) dropwise. The reaction mixture was stirred for 
two hours then concentrated under vacuum. Ether was added 
to the residue and the resulting white precipitate was collected 
by centrifugation (ether trituration repeated two more times). 
The resulting solid was purified by HPLC on a Phenomenex 
Synergy Polar-RP 80A column eluted with methanol/water 
and lyophilized to afford the title compound as a white solid. 
LC-MS (negative ionization mode) m/e333 (M-H). LC-MS 
(positive ionization) m/e335 (M+H), 357 (M+Na); H NMR 
(600 MHz, DO; unreferenced) (8, ppm) 4.51 (1H, m), 4.16 
(1H, brid, J=2.6 Hz), 3.99 (1H, d, J–7 Hz), 3.54 (1H, dd, J=7, 
13 Hz), 3.40-3.50 (1H, m), 3.30-3.40 (1H, m), 3.20-3.30 (2H, 
m), 3.02(1H, d, J=12 Hz), 2.30-240 (1H, m), 2.10-2.20 (1H, 
m), 2.00-2.10 (2H, m), 1.83-1.93 (1H, m), 1.72-1.80 (1H, m). 

Example 15 

(2S,5R) N-(3R,4S)-3-Fluoropiperidin-4-yl-7- 
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

04.08 

BOC 
n N 

O 

'', ul- NH 
HO *. E 

—- 
N /H (1) 

N 
V 

O OCH2Ph 
BOC 

NN O 

!k 
i N (2) 
F. N 

'vil 
N 
V 

O OCH2Ph 
BOC 

n N O 

1. 3 
F. N '' 

'H. 
N 
V 

O OH 



US 2013/0274475 A1 

-continued 
BOC 

NN O 

1. 
i N (4) 
F. N 

VH 
N 
V 

O OSOH 

HN O 

'', ll N 

f N ''', 
H 

N 
V 

O OSOH 

Step 1: tert-butyl-(3R,4S)-4-({(2S,5R)-6-(benzy 
loxy)-7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)-3-fluoropiperidine-1-carboxylate 
04.09 To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (2.108 g. 
7.63 mmol) in anhydrous dimethylformamide (15 mL) was 
added BOP (4.05 g, 9.15 mmol) and the resulting mixture was 
stirred at room temperature under nitrogen for 5 minutes. 
Diisopropyl ethyl amine (2.66 mL, 15.26 mmol) was then 
added followed by a solution of tert-butyl (3R,4S)-4-amino 
3-fluoropiperidine-1-carboxylate (1.665 g, 7.63 mmol) in 20 
mL of dichloromethane. The resulting solution was stirred at 
room temperature under nitrogen for 2 hours then concen 
trated under vacuum and the residue partitioned between 
ethyl acetate and water. The aqueous layer was washed twice 
with ethyl acetate. The organic layer was washed with brine, 
dried over Sodium Sulfate, and concentrated under vacuum. 
The residue was purified via silica gel flash chromatography 
(Isco Combiflash apparatus—120 g silica gel, 80 mL/min, 
254 nM, 0% to 100% EtOAc/hexane over 6 column volumes 
then 100% EtOAc for 9 column volumes; title compound 
eluted at 100% EtOAc). Fractions containing pure title com 
pound were collected and concentrated in vacuo to give a tan 
Solid. Fractions containing impure product were also col 
lected and repurified by HPLC (30x100 mm Sunfire column, 
5 microns, 35 mL/min, 10% to 100% CH3CN+0.1% TFA/ 
water+0.1% TFA over 15 min.; title compound eluted at 70% 
CHCN+0.1%TFA). Fractions containing pure product were 
combined and concentrated in vacuo. The resulting aqueous 
residue was then extracted with ethyl acetate. The organic 
layer was collected and dried over magnesium sulfate. Con 
centration in vacuo gave a white Solid which was combined 
with the material isolated from silica gel chromatography to 
afford the title compound. 

Step 2: tert-butyl-(3R,4S)-4-({(2S.5R)-6-hydroxy 
7-oxo-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)-3-fluoropiperidine-1-carboxylate 
0410. To a solution of the product of Step 1 (3.0175g, 6.33 
mmol) in methanol (80 mL) and ethyl acetate (20 mL), was 
added 10% palladium on carbon (0.73 g. 6.86 mmol) and the 
reaction mixture was stirred under an atmosphere of hydro 
gen (balloon) overnight. LC/MS analysis showed reaction 
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was complete. The reaction mixture was filtered through a 
microfilter and the collected solid was washed well with 
methanol. The filtrate was concentrated under vacuum and 
azeotroped with toluene to afford the title compound as a 
yellow foam which was used directly in the next step without 
purification 

Step 3: tert-butyl-(3R,4S)-4-({(2S,5R)-7-oxo-6- 
(sulfooxy)-1,6-diazabicyclo[3.2.1]oct-2-yl) 

carbonyl)amino)-3-fluoropiperidine-1-carboxylate 
0411 To a solution of the product of Step 2 (2.59 g, 6.7 
mmol, theoretical yield of Step 2) in pyridine (30 mL) was 
added sulfur trioxide pyridine complex (5.40 g, 34 mmol). 
The mixture was stirred at room temperature under nitrogen 
for 3 hours then additional sulfur trioxide pyridine complex 
(5.40 g, 34 mmol) was added and the reaction mixture was 
stirred at room temperature overnight. Dichloromethane was 
then added and the mixture was filtered. The collected solid 
was washed thoroughly with dichloromethane and the com 
bined filtrates were concentrated under vacuum to afford the 
crude title compound. The residue was used without purifi 
cation in the next step. 

Step 4: (2S,5R) N-(3R,4S)-3-fluoropiperidin-4- 
yl-7-oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]oc 

tane-2-carboxamide 

0412. To a solution of the product of Step 3 (3.13 g. 6.7 
mmol, theoretical yield of Step 3) in anhydrous dichlo 
romethane (50 mL) at 0°C. under nitrogen was added trif 
luoroacetic acid (10 mL, 130 mmol) dropwise. The reaction 
mixture was allowed to warm to room temperature then 
stirred for two hours. Additional trifluoroacetic acid (6 mL, 78 
mmol) was added and the reaction mixture was stirred at 
room temperature for an additional 3 hours then concentrated 
under vacuum. Ether was added to the residue and the result 
ing white precipitate was collected by centrifugation (ether 
trituration repeated two more times). The resulting solid was 
purified by HPLC on a Phenomenex Synergy Polar-RP 80A 
column eluted with methanol/water and lyophilized to afford 
the title compound as a cream colored solid which contained 
~6% pyridine by NMR. This impure product was triturated 
and sonicated twice with acetonitrile (solid isolated by cen 
trifugation) to afford the title compound as a white solid. 
LC-MS (negative ionization mode) m/e365 (M-H). 

Example 16 

(2S.5R)-7-Oxo-6-(sulfooxy)-N-(1,2,3,4-tetrahy 
droisoquinolin-6-yl)-1,6-diazabicyclo3.2.1]octane 

2-carboxamide 

0413 

BOC 
NN 

HO s NH2 
He 

N (1) 
"H 

N 
V 

O OCHPh 
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BOC -continued 

NN O 

ul. 
N e. (2) 
H He 

N '', 
VH 

N 
V 

O OCHPh 

BOC 
NN O 

l 
N * (3) 
H He 

N '' 
'H. 

N 
V 

O OH 

BOC 
NN O 

l 
N . (4) 
H Hos 

N 
VH 

N 
V 

O OSOH 

HN O 

l 
N 
H 

N '' 
VH 

N 
V 

O OSOH 

Step 1: tert-butyl-6-({(2S.5R)-6-(benzyloxy)-7-oxo 
1,6-diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)-3, 

4-dihydroisoquinoline-2(1H)-carboxylate 

0414. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (53.3 mg, 
0.193 mmol) in dry dichloromethane (2 mL) was added tri 
ethylamine (0.067 mL, 0.482 mmol), 2-chloro-1-methylpy 
ridinium iodide (58.7 mg, 0.230 mmol), and 6-amino-2-N- 
BOC-1,2,3,4-tetrahydro-isoquinoline (54.8 mg 0.221 mmol) 
sequentially at room temperature under nitrogen. The reac 
tion mixture was then heated to 50° C. for 45 minutes then the 
reaction product was concentrated in vacuo. Attempts to dis 
solve the reaction product in eluant (2:1:1 CHCN/DMSO/ 
water) for HPLC were unsuccessful, so it was partitioned 
between aqueous layer and dichloromethane. The organic 
layer was collected, dried over Sodium Sulfate, concentrated 
in vacuo and set aside for separate purification. The aqueous 
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layer was also collected and purified by HPLC (30x100 mm 
Waters Sunfire column; 5 micron: 35 mL/min. 210 nM; 15% 
to 100% CHCN+0.05% TFA/water+0.05% TFA over 15 
minutes; the title compound eluted at 80% CHCN+0.05% 
TFA/water+0.05% TFA). Fractions containing the title com 
pound were lyophilized overnight to afford the title com 
pound as a white sticky Solid. The organic layer from parti 
tioning the crude product was purified by preparative TLC 
(1000 micron silica gel plate eluted with 50% ethyl acetate/ 
hexane) to afford the title compound. Both batches of the title 
compound were combined and used without further purifica 
tion in the next step. 

Step 2: tert-butyl-6-({(2S.5R)-6-hydroxy-7-oxo-1,6- 
diazabicyclo[3.2.1]oct-2-yl)carbonyl)amino)-3,4- 

dihydroisoquinoline-2(1H)-carboxylate 

0415. To a solution of the product of Step 1 (79.6 mg, 
0.157 mmol) in methanol (4 mL) and ethyl acetate (2 mL), 
was added 10% palladium on carbon (18 mg) and the reaction 
mixture was stirred under an atmosphere of hydrogen (bal 
loon) overnight. LC/MS analysis showed the reaction was not 
quite complete so an additional 10% palladium on carbon (10 
mg) was added and the reaction mixture was stirred under an 
atmosphere of hydrogen (balloon) for an additional 6 hours. 
The reaction mixture was filtered through a microfilter and 
the collected solid was washed well with methanol. The fil 
trate was concentrated under vacuum and azeotroped with 
toluene to afford the title compound as a light brown oil which 
was used directly in the next step without purification 

Step 3: tert-butyl-6-({(2S.5R)-7-oxo-6-sulfooxy-1, 
6-diazabicyclo[3.2.1]oct-2-yl)carbonylamino)-3,4- 

dihydroisoquinoline-2(1H)-carboxylate 

0416) To a solution of the product of Step 2 (64.6 mg, 
0.155 mmol) in pyridine (1.5 mL) was added sulfur trioxide 
pyridine complex (129.5 mg. 0.814 mmol). The mixture was 
stirred at room temperature under nitrogen over the weekend. 
Dichloromethane was then added and the mixture was fil 
tered. The collected solid was washed thoroughly with 
dichloromethane and the combined filtrates were concen 
trated under vacuum to afford the crude title compound. The 
residue was used without purification in the next step. 

Step 4: (2S.5R)-7-oxo-6-(sulfooxy)-N-(1,2,3,4-tet 
rahydroisoquinolin-6-yl)-1,6-diazabicyclo[3.2.1 

octane-2-carboxamide 

0417. To a solution of the product of Step 3 (77 mg, 0.155 
mmol, theoretical yield of Step 3) in anhydrous dichlo 
romethane (3 mL) at 0°C. under nitrogen was added trifluo 
roacetic acid (1 mL, 13 mmol) dropwise. The reaction mix 
ture was stirred for one hourthen concentrated under vacuum. 
Ether was added to the residue and the resulting white pre 
cipitate was collected by centrifugation (ether trituration 
repeated two more times). The resulting solid was purified by 
HPLC on a Phenomenex Synergy Polar-RP 80A column 
eluted with methanol/water and lyophilized to afford the title 
compound as a white Solid. LC-MS (negative ionization 
mode) m/e 395 (M-H). 
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Example 17 

(2S,5R)-7-Oxo-N-(5-piperidin-4-ylpyridin-2-yl)-6- 
(Sulfooxy)-1,6-diazabicyclo3.2.1]octane-2-carboxa 

mide 

0418 

O Br 21 

! ... N 
HO N NH2 

N (1) 
VH 

N 
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21Ne O 
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H 
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-continued 
Hn N 

21 O 

N u 
N N 

H 

N 2 
'H. 

N 
V 

O OSOH 

Step 1: (2S,5R)-6-(benzyloxy)-N-(5-bromopyridin 
2-yl)-7-oxo-1,6-diazabicyclo3.2.1]octane-2-car 

boxamide 

0419. To a solution of (2S.5R)-6-(phenylmethoxy)-7-oxo 
1,6-diazabicyclo[3.2.1]octane-2-carboxylic acid (0.400 g, 
1.448 mmol) in dry dichloromethane (17.66 mL) was added 
triethylamine (0.504 ml, 3.62 mmol), 2-chloro-1-methylpy 
ridinium iodide (0.433 g, 1.694 mmol), and 2-amino-5-bro 
mopyridine (0.311 g, 1.795 mmol) sequentially at room tem 
perature under nitrogen. The reaction mixture was heated to 
50° C. for 1 hour then purified on the mass directed HPLC 
(30x100 mm Waters Sunfire column; 5 micron; 50 ml/min: 
acetonitrile/water with 0.1% TFA over 15 min). Fractions 
containing the title compound were concentrated under 
vacuum then lyophilized overnight to afford the title com 
pound as a yellow solid. 

Step 2: 6-({(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diaz 
abicyclo[3.2.1]oct-2-yl)carbonyl)amino)-3',6'-dihy 

dro-3,4'-bipyridine-1'(2H)-carboxylate 
0420 tert-Butyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (215 mg. 
0.696 mmol) was added to the product of Step 1 (150 mg. 
0.348 mmol) in a reaction vial then bis(triphenylphosphine) 
palladium(II) dichloride (24 mg. 0.035 mmol) was added 
followed by 1 Maqueous sodium carbonate (0.869 mL, 0.869 
mmol) and acetonitrile (0.899 mL). The reaction mixture was 
degassed then placed briefly in a preheated 70° C. oil bath 
then cooled to room temperature and filtered. The filtrate was 
concentrated under vacuum and the residue was purified by 
column chromatography on silica gel eluted with ethyl 
acetate/hexane (0-50% over 1500 mL then 50-100% over 750 
mL) to afford the title compound as a yellow oil. 

Step 3: 4-6-((2S.5R)-6-hydroxy-7-oxo-1,6-diaz 
abicyclo[3.2.1]oct-2-yl)carbonyl)amino)pyridin-3- 

ylpiperidine-1-carboxylate 
0421. To a mixture of the product of Step 2 (50 mg 0.094 
mmol) in ethyl acetate (6 ml) was added 10% palladium on 
carbon (9.97 mg). The reaction mixture was stirred under an 
atmosphere of hydrogen (balloon) overnight then filtered. 
The filtrate was concentrated under vacuum to afford the title 
compound as a colorless oil which was used without purifi 
cation in the next step. 

Step 4: 4-6-((2S.5R)-7-oxo-6-(sulfooxy)-1,6-diaz 
abicyclo[3.2.1]oct-2-yl)carbonyl)amino)pyridin-3- 

ylpiperidine-1-carboxylate 
0422 To a solution of the product of Step 3 (30 mg, 0.067 
mmol) in dry pyridine (1.5 ml) was added pyridine sulfur 
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trioxide (53.6 mg, 0.337 mmol) at room temperature, in the 
dark, under nitrogen. The reaction mixture was stirred over 
the weekend then filtered (collected solid was washed well 
with dichloromethane). The filtrate was concentrated under 
vacuum to afford the title compound as a colorless oil which 
was used without purification in the next step. 

Step 5: (2S,5R)-7-oxo-N-(5-piperidin-4-ylpyridin-2- 
yl)-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

0423 To a solution of the product of Step 4 (35 mg, 0.067 
mmol; theoretical yield of step 4) in dry dichloromethane (3 
mL) was added trifluoroacetic acid (0.00513 mL, 0.067 
mmol) at 0° C. under nitrogen. The reaction mixture was 
stirred for 30 minutes then concentrated under vacuum. The 
residue was triturated with ether to remove excess trifluoro 
acetic acid and organic-soluble impurities. The resulting Solid 
was dried, dissolved in water, and purified by prep HPLC on 
a Phenomenex Synergy Polar-RP 80A column eluted with 
methanol/water and lyophilized to afford the title compound. 
LC-MS (negative ionization mode) m/e 424 (M-H). 

Example 18 

0424 Piperidin-4-ylmethyl(2S.5R)-7-oxo-6-(sulfooxy)- 
1,6-diazabicyclo[3.2.1]octane-2-carboxylate 

OH 
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-continued 
O 

ul. O 

HN N '', 
H 

N 
V 

O OSOH 

Step 1: 1-(tert-butoxycarbonyl)piperidin-4-yl)me 
thyl(2S,5R)-6-(benzyloxy)-7-oxo-1,6-diazabicyclo 

3.2.1]octane-2-carboxylate 

0425 N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 
hydrochloride (109 mg, 0.57 mmol) and 4-dimethylaminopy 
ridine (69.6 mg, 0.57 mmol) were added sequentially to a 
solution of (2S,5R)-6-(phenylmethoxy)-7-oxo-1,6-diazabi 
cyclo[3.2.1]octane-2-carboxylic acid (105 mg 0.38 mmol) in 
dry dichloromethane at room temperature. tert-Butyl 4-(hy 
droxymethyl)piperidine-1-carboxylate (123 mg, 0.57 mmol) 
was then added and the reaction mixture was stirred at room 
temperature overnight, and then concentrated under vacuum. 
The residue was purified by preparative HPLC to afford the 
title compound. 

Step 2: 1-(tert-butoxycarbonyl)piperidin-4-yl)me 
thyl(2S,5R)-6-hydroxy-7-oxo-1,6-diazabicyclo[3.2. 

1 octane-2-carboxylate 

0426 To a mixture of the product of Step 1 (100 mg, 0.211 
mmol) in methanol was added 10% palladium on carbon 
(6.74 mg). The reaction mixture was stirred under an atmo 
sphere of hydrogen (balloon) overnight then filtered. The 
filtrate was concentrated under vacuum to afford the title 
compound which was used without purification in the next 
step. 

Step 3: 1-(tert-butoxycarbonyl)piperidin-4-yl)me 
thyl(2S,5R)-7-oxo-6-(sulfooxy)-1,6-diazabicyclo3. 

2.1 octane-2-carboxylate 

0427. To a solution of the product of Step 2 (50 mg, 0.13 
mmol) in dry pyridine (1 mL) was added pyridine sulfur 
trioxide (104 mg. 0.652 mmol) at room temperature under 
nitrogen. The reaction mixture was stirred overnight then 
filtered (collected solid was washed well with dichlo 
romethane). The filtrate was concentrated under vacuum to 
afford the title compound which was used without purifica 
tion in the next step. 

Step 4: piperidin-4-ylmethyl(2S,5R)-7-oxo-6-(sul 
fooxy)-1,6-diazabicyclo[3.2.1]octane-2-carboxylate 

0428 TFA was added to the product of Step 3 at 0° C. 
under nitrogen. The reaction mixture was stirred for 1 hour 
then concentrated under vacuum. The residue was triturated 
with ether to remove excess trifluoroacetic acid and organic 
soluble impurities. The resulting solid was dried, dissolved in 
water, and purified by preparative HPLC on a Phenomenex 
Synergy Polar-RP 80A column eluted with methanol/water 
and lyophilized to afford the title compound. LC-MS (nega 
tive ionization mode) m/e 362 (M-H). 
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0429 
Examples 19-56 

The procedure set forth in Example 1A was used to 

53 

prepare the following compounds, wherein the indicated 
amine starting material was substituted for 4-amino-1-BOC 
piperidine in Step 1. 

Example 

19A 

19B 

21 

Amine 

1. 
BOC 

BOC 

BOC 

(racemic) 

Product 

Isoated diastereomers (Diastereomer 1 and Diastereomer 
2) of: 

O 

N !. H1 . 

H N '', 
VH 

N 
V 

O OSOH 

The diastereomers eluted from an HPLC column 
(Phenomenex Synergi Polar RP80A 250 x 21.1 mm 

10 micron column gradient eluted 35 mL/min with 0% to 
40% methanol/water over 15 minutes; detecting at 210 

nM). The first diastereomer (Diastereomer 1) eluted at 15% 
methanol/water, and the second diastereomer (Diastereomer 

2) eluted at 18% methanol/water. The absolute stereochemistry 
of the two diastereomers has not been determined. One of the 
diastereomers is (2S,5R)-7-oxo-N-(3R)-piperidin-3-yl)-6- 
(Sulfooxy)-1,6-diaza-bicyclo3.2.1]octane-2-carboxamide 

and the other is the corresponding (3S)-isomer. 

N '', 
H 

N 
V 

O OSOH 

(2S,5R)-7-oxo-N-azetidin-3-yl-6-(sulfooxy)-1,6-diaza 
bicyclo[3.2.1]octane-2-carboxamide 

O OSOH 

(2S,5R)-7-oxo-N-(3R)-pyrrollidin-3-yl)-6-(sulfooxy)- 
1,6-diaza-bicyclo3.2.1]octane-2-carboxamide 
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Examples 57-90 
0430. The procedure set forth in Example 6 was used to 
prepare the compounds of Examples 57-77 and 80-90, 
wherein the indicated amine starting material was substituted 

Example Amine 

57 BOC 
n N 
H 

58 

BOC1 

59 

BOC 
n N 
H 

60 BOC 
NN 
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for 4-aminopyridine in Step 1. The procedure set forth in 
Example 17 was used to prepare the compounds of Examples 
78 and 79, wherein the indicated pyridine starting material 
was substituted for 2-amino-5-bromopyridine in Step 1. 

HN 

O OSOH 

(2S,5R)-N-4-(aminomethyl)phenyl-7-oxo-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1]octane-2- 

carboxamide 

O 

HN !k 
N 
H 

N 
“H 

N 
V 

O OSOH 

(2S,5R)-N-3-(aminomethyl)phenyl-7-oxo-6- 
(sulfooxy)-1,6-diazabicyclo3.2.1]octane-2- 

carboxamide 

HN y 
O 

". 
N 

OSOH 

(2S,5R)-N-2-(aminomethyl)phenyl-7-oxo-6- 
(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 

NN O 
H 

l 
NH2 N 

N ''' 
VH 

N 

O OSOH 

(2S,5R)-N-(4-(methylamino)methylphenyl-7- 
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

carboxamide 
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-continued 

Example 

117 

AcO AcO 

H H Cl Cl u , AcO OH AcO O 
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Product 

O 

2-3,4-bis(acetyloxy)benzoylamino)-1-(3,4- 
bis(acetyloxy)benzoylaminomethyl)ethyl(2S,5R)-7- 
oxo-6-(sulfooxy)-1,6-diazabicyclo[3.2.1]octane-2- 

Example 118 

Enzyme Activity Determination of ICs 
0432. The Class C enzyme activities were measured in the 
presence of the test inhibitor in spectrophotometric assay 
against the commercially available substrate, nitrocefin. The 
enzyme AmpC (P. aeruginosa.), and the Substrate, were dis 
solved in 100 mM. KHPO, buffer (pH 7). The buffer also 
contains 0.005% BSA. The test inhibitor was dissolved in 
DMSO and diluted 1:20 in the assay, resulting in a final 
concentration range of 50 uM to 0.0002 uM. In a 96-well 
microplate, the test inhibitor was incubated with the beta 
lactamase enzyme for 40 minutes at ambient temperature, the 
Substrate Solution was added, and the incubation continued 
for another 40 minutes. The spectrophotometric reaction was 
quenched by the addition of 2.5N acetic acid and the absor 
bance at 492 nm was measured. The ICs value was deter 
mined from semi logarithmic plots of enzyme inhibition ver 
SuS inhibitor concentration, with a curve generated using a 
4-parameter fit. 
0433. The Class A enzyme activities were measured using 
the same test protocol set forth above for Class C enzymes 
except that the enzyme KPC-2 (K. pneumoniae) replaced 
AmpC. 
0434 Representative compounds of the present invention 
exhibit inhibition of Class C and Class A B-lactamases in this 
assay. For example, the compounds of Examples 1, 2, 4 and 
6-9 were tested in this assay and were found to have the ICso 
values shown in Table 2. Table 3 contains assay data for other 
exemplified compounds. 

Synergy Assay Protocol: 

0435 The assay determines the concentration of a B-lac 
tamase inhibitor required to reduce the MIC of a B-lactam 
antibiotic by one-half one-quarter, one-eighth, one-sixteenth 
and one-thirty-second against Strains of bacteria normally 
resistant to the antibiotic in question. This is accomplished by 
titrating the BLI in a serial dilution across a microtiter plate 
while at the same time titrating the antibiotic in a serial 
dilution down the microtiter plate and then inoculating the 
plate with the bacterial strain in question and allowing the 
bacteria to grow up overnight. Each well in this microplate 

carboxylate 

checkerboard contains a different combination of concentra 
tions of the inhibitor and the antibiotic allowing a full deter 
mination of any synergy between the two. 

Bacterial Strain/Antibiotic Combinations: 

0436 CL 5701 (Pseudomonas aeruginosa; Pa AmpC)/ 
Imipenem 
0437 MB 2646 (Enterobacter cloacae; P99)/Ceftazidime 
0438 CL5513 (Klebsiella pneumoniae; SHV-5)/Ceftazi 
dime 
0439 CL 6188 (Acinetobacter baumanii; Oxa40)/Imi 
penem 
0440 CL 6569 (Klebsiella pneumoniae; KPC-2)/Imi 
penem 
0441 CL 5761 (Klebsiella pneumoniae; KPC-3)/Imi 
penem 
0442 CLB 21648 (Acinetobacter baumanii; Ab AmpC)/ 
Imipenem 

General Checkerboard Method: 

0443 1. All wells in rows B-H of MIC 2000 microtiter 
plates are filled with 100 uL of MHBII+1% DMSO. 

0444 2. All wells in row A of MIC 2000 microtiter 
plates are filled with 100 uL of 2xMHBII+2% DMSO. 

0445 3. 100 uL of 4x the final antibiotic concentration 
wanted is added to well A1 of the MIC 2000 plates. 

0446 4. 100 uL of 2x the final antibiotic concentration 
wanted is added to wells A2-A12 of the MIC 2000 
plates. 

0447 5. 100 uL is serially diluted from row A to row G 
of each MIC 2000 plate. 

0448 6. 100 uL is removed from each well in row G of 
each MIC 2000 plate. 

0449 7. 100 uL of 2x the final inhibitor concentration 
wanted (in MHBII+1% DMSO) is added to all wells in 
column 1 of the microtiter plates. 

0450 8. 100 uL is serially diluted from column 1 to 
column 11 of each MIC 2000 plate. 

0451 9. 100LL is removed from each well in column 11 
of each MIC 2000 plate. 
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0452 10. Plates are then inoculated with an overnight 
growth (in TSB) of the strain to be tested using an MIC 
2000 inoculator. 

0453 11. Plates are left at 37°C. for about 20 hours and 
scored for growth by eye. 

Media (all are Sterilized by Autoclaving Prior to any Addition 
of DMSO): 

Oct. 17, 2013 
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TSB 

0455 Trypticase soy roth (BBLTM) was prepared as 
directed on the bottle. 

0456 Synergy may be expressed as a ratio of the minimum 
inhibitory concentration (MIC) of an antibiotic tested in the 
absence of a B-lactamase inhibitor to the MIC of the same 
antibiotic tested in the presence of the B-lactamase inhibitor. 
A ratio of one (1) indicates that the B-lactamase inhibitor has 04.54 - 
no effect on antibiotic potency. A ratio greater than one (1) 
indicates that the B-lactamase inhibitor produces a synergistic 
effect when co-administered with the antibiotic agent. The 

MHBII 19/o DMSO preferred B-lactamase inhibitors of the present invention 
exhibit a synergy ratio of at least about 2, more preferred 

TM - 0 ME; cation adjusted (BBLTM) s compounds exhibit a ratio of at least about 4, still more 
Distilled water 1980 mL preferably at least about 8, and most preferred at least about 
2XMHBII - 2% DMSO 16. Alternatively, the synergy effect may be expressed as a 

factor, again, utilizing a concentration of the BLI to lower the 
TM - 0 - 0 MHBII cation adjusted (BBLTM) 8.8 g. MIC of the antibiotic. Thus, if the MIC of the antibiotic is 20 

DMSO 4.0 mL. 
Distilled water 196.0 mL. ug/mL and a 1.5 LM concentration of BLI lowers the MIC to 
O2XMHBII 5ug/mL, the synergy effect is four fold or “4x synergy at 1.5 

uM of BLI. 
MHBII cation adjusted (BBLTM) 4.4 g 
Distilled water 1980 mL. 0457 Representative compounds of the present invention 

1 XMHBII 19/o DMSO display a synergy effect. For example, the compounds of 
TM Examples 1, 2, 4 and 6-9 were determined to have 2x synergy 

ME; cation adjusted (BBLTM) s concentrations in a range of from about 100 uM or less. The 
Distilled water 1780 mL synergy concentrations for Examples 1, 2, 4 and 6-9 against P 

aeruginosa strain CL5701 and Klebsiella pneumoniae strain 
CL6569 are shown in Table 2. 

TABLE 2 

Biological Data 

R (* indicates Pa. 2XS4XF8X K.p. 16XF32XF64X 
point of AmpC Synergy KPC-2 Synergy CL6569 

Example attachment) ICso (nM) CL5701 (IM) ICso (nM) (IM)? 
1 H 465 O.2.3.12.6.25 208 6.25.12.5.12.5 

n 

Ol : 
2 Fl 69 3.12.6.25.6.25 245 6.25.12.5.25 

O 
4 H 29,000 100/100/>100 4400 SO,100,100 

V 

C '. 
6 Cl 6 12.S.25,100 S4 SOSOf>100 

N : 

7 JOl 1.1 SO.1 OOfc-100 8 25,50-100 

Mo1S : 
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TABLE 2-continued 

Biological Data 

R (* indicates Pa. 2XS4XF8X K.p. 16XF32XA64X 
point of AmpC Synergy KPC-2 Synergy CL6569 

Example attachment) ICso (nM) CL5701 (IM) ICso (nM) (IM)? 
8 N 21 1.6 12.5,100-100 1.6 25.25/50 

MeN S : 

9 NH 2O O.78, 3.12.6.25 72 6.25, 6.25.12.5 

: 

Sulbactam 17,000 54/>150/>300 33,000 >500-500-500 

These are the concentrations for 2X, 4X and 8X with imipenem against Paeruginosa strain 
CL5701. For example, a 6.25 M concentration of the compound of Example 1 reduces the MIC of 
imipenem versus Paeruginosa strain CL5701 by a factor of 8 (8X synergy). 
*These are the concentrations for 16X, 32X and 64X with imipenem against K. pneumoniae strain CL6569. 
For example, a 12.5uM concentration of the compound of Example 1 reduces the MIC of imipenem versus 
K.pneumoniae strain CL6569 versus by a factor of 64 (64X synergy). 

0458 It appears that the data in Table 3 were generated in 
the same manner using the same enzymes as in Table 2 (Table 
2 is unchanged from the provisional filing). I plan to DELETE 
the entries in Table 3 for Exs. 2, 6, 7 and 8 because this data 
duplicates the data in Table 2. HOWEVER, the entry in Table 
2 for Ex. 7 is “1.1' NOT “11” as shown in Table 3. Also, the 
entries in Table 2 for Ex. 8 are both “1.6', not “16' as shown 
in Table 3. Please clarify these differences. 
0459. Is the data shown for Ex. 1A data generated in a 
separate run, or is it supposed to be the same as for Ex. 12 Note 
“208” in Table 2 vs. “210” in Table 3 why different? I 
propose to delete the entry for Example 1A from Table 3 as 
its essentially the same as the entry in Table 2 for Example 1. 
0460 You don’t want to include synergy data for these 
compounds? It would be helpful to include it, at least for some 
of the examples (could put in a separate table). Recommend 
we include it for Ex. 14, since this is a likely backup candi 
date. 
0461) We have a comparison to sulbactam in Table 2. How 
does MK-8712 compare to this? Is it worth including 8712 
comparative data? Any other structurally similar known com 
pounds that you may have run a comparison? 

TABLE 3 

Biological Data 

K.p. 
Example KPC-2 Pa. AmpC 
No. M – H (me) ICso (nM) ICso (nM) 

Plan to delete 
the entries 

shown in blue 

1A 347 210 465 
2 361 245 69 
6 341 S4 6 
7 371 8 11 
8 384 16 16 
14 333 355 110 

TABLE 3-continued 

Biological Data 

K.p. 
Example KPC-2 Pa. AmpC 
No. M-H (m/e) ICso (nM) ICso (nM) 

15 365 130 49 
16 395 19 14 
17 424 28 6 
18 362 10 18O 
19 347 480 64 
19b 347 240 480 
2O 319 17 1,000 
21 333 4,300 29,100 
22 361 225 52O 
23 361 240 500 
24 365 90 110 
25 365 270 2O 
26 377 290 120 
27 396 50 9.5 
28 348 660 740 
29 349 250 2,500 
30 349 520 2,250 
31 351 90 150 
32 351 710 19 
33 430 21 62O 
34 430 28O 45 

35 379 50 13 
36 379 30 18 
37 351 2O 40 
38 347 2O 250 
39 361 90 530 
40 361 77 30 
41 391 32O 700 
42 379 10 100 
43 379 OO 15 
44 375 45 11 
45 375 50 18O 
46 376 96 42 
47 345 10,000 720 
48 361 2,500 290 
49 361 78O 7,500 
50 347 8 820 
51 333 520 2,200 
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Biological Data 

TABLE 3-continued 

Example 
No. M – H (me) 

52 373 
53 359 
S4 333 
55 333 
56 361 
57 369 
58 369 
59 369 
60 383 
61 383 
62 397 
63 423 
64 395 
65 381 
66 381 
67 384 
68 383 
69 419 
70 383 
71 341 
72 341 
73 478 
74 356 
75 384 
76 370 
77 370 
78 424 
79 424 
8O 425 
81 427 
82 410 
83 342 
84 342 
85 426 
86 344 
87 346 
88 347 
89 4O2 
90 382 
91 362 
92 362 
93 348 
94 334 
95 334 
96 32O 
97 366 
98 366 
99 366 
OO 366 
O1 366 
O2 366 
O3 352 
O4 352 
05 352 
O6 352 
O7 336 
O8 336 
09 335 
10 3O8 
11 376 
12 376 
13 376 
14 378 
15 370 
16 528 
17 777 

K.p. 
KPC-2 

ICso (nM) 

1,000 
33 

3,200 
1,500 
1,600 

72 
104 
109 
56 
78 
S4 
85 
19 
60 
41 
10 
30 
22 
26 
42 
36 
130 
11 

410 
1,300 

42 
470 
24 
15 
17 
10 
58 
55 
2O 
135 
840 
36 
39 

NA 

6,400 

2 

Values obtained via LC-MS (negative ion mode), 

0462 While the foregoing specification teaches the prin 
ciples of the present invention, with examples provided for 
the purpose of illustration, the practice of the invention 

Pa. AmpC 
ICso (nM) 

590 
1,000 
840 

1400 
270 
2O 
34 

292 
18 
22 
18 
22 
14 
16 
56 
11 
7 
7 
3 

33,000 
170 

3,000 
210 
600 
49 
46 
40 
33 
81 
76 
39 
38 

200 
200 
39 
62 

700 
610 

1,200 
16S 
36 

340 
24 

440 
61 
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encompasses all of the usual variations, adaptations and/or 
modifications that come within the scope of the following 
claims. All publications, patents and patent applications cited 
herein are incorporated by reference in their entireties into the 
disclosure, wherein in the case of any inconsistencies, the 
present disclosure will prevail. 
What is claimed is: 
1. A compound of Formula I: 

(I) 

or a pharmaceutically acceptable salt thereof, wherein: 
the bond identified as “a” is a single bond or a double bond; 
when bonda is a single bond, X is: 

(1) CH, 
(2) CHCH 
(3) CHCHCH 
(4) CH=CH, 
(5) CH-CH=CH, or 
(6) CH=CH-CH: 

when bonda is a double bond, X is: 
(1) CH, 
(2) CH-CH, or 
(3) CH CH-CH: 

R" is: 
(1) C(O)N(R)R, 
(2) C(O)OR, or 
(3) C(O)OR; 

R is SOM, OSOM, SONH, POM, OPOM, 
CHCOM, CFCOM, or CF; 

M is H or a pharmaceutically acceptable cation; 
R is: 

(1) Cls alkyl substituted with a total of from 1 to 4 
Substituents selected from the group consisting of (i) 
Zero to 2 N(R)R’, (ii) Zero to 2 R, and (iii) zero to 
1 of Ary A, HetA, or HetB, 

(2) CycA, 
(3) HetA, 
(4) Ary A, 
(5) HetB, or 
(6) AryB: 

R" is Hor Cs alkyl optionally substituted with N(R)R’; 
or alternatively, when R' is C(O)N(R)R, R and R' 

together with the Natom to which they are both attached 
form a 4- to 9-membered, Saturated monocyclic ring 
optionally containing 1 heteroatom in addition to the 
nitrogenattached to RandR'selected from N, O, and S. 
where the S is optionally oxidized to S(O) or S(O); 
wherein the monocyclic ring is optionally fused to, 
bridged with, or spiro to a 4- to 7-membered, saturated 
heterocyclic ring containing from 1 to 3 heteroatoms 
independently selected from N, O and S, where the S is 
optionally oxidized to S(O) or S(O), to form a bicyclic 
ring system, wherein the monocyclic ring or the bicyclic 
ring system so formed is optionally Substituted with 1 or 
2 Substituents each of which is independently: (1) C. 
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alkyl, (2) C. fluoroalkyl, (3) (CH), G wherein G is 
OH, O C alkyl, O C fluoroalkyl, N(R)R’, 
C(O)N(R)R’, C(O)R, COR', or SOR', (4) O C. 
alkyl, (5) O C fluoroalkyl, (6) OH, (7) oxo, (8) halo 
gen, (9) N(R)R’, (10) C(O)N(R)R’, (11) C(O)R', 
(12) C(O) C. fluoroalkyl, (13) C(O)CR', or (14) 
S(O).R.'; 

R is Cls alkyl substituted with 1 or 2 substituents each of 
which is independently N(R)C(O)-Ary A: 

CycA is Cao cycloalkyl which is optionally substituted 
with a total of from 1 to 4 substituents selected from Zero 
to 2 (CH)N(R)R’ and zero to 2 (CH), R: 

HetA is a 4- to 9-membered saturated or mono-unsaturated 
heterocyclic ring containing from 1 to 3 heteroatoms 
independently selected from N, O and S, wherein any 
ring S is optionally oxidized to S(O) or S(O), and either 
1 or 2 ring carbons are optionally oxidized to C(O); 
wherein the ring is optionally fused with a C, 
cycloalkyl, and wherein the optionally fused, saturated 
or mono-unsaturated heterocyclic ring is optionally Sub 
stituted with a total of from 1 to 4 substituents selected 
from zero to 2 (CH)N(R)R’ and zero to 2 (CH), R: 

Ary A is phenyl which is optionally substituted with a total 
of from 1 to 4 substituents selected from Zero to 2 (CH) 
N(R)R’ and zero to 2 (CH), R: 

HetB is a 5- or 6-membered heteroaromatic ring containing 
from 1 to 4 heteroatoms selected from 1 to 3 Natoms, 
Zero or 1 O atom, and Zero or 1 Satom; wherein the 
heteroaromatic ring is optionally fused with a 5- to 
7-membered, saturated heterocyclic ring containing 1 or 
2 heteroatoms independently selected from N, O and S. 
wherein any ring S is optionally oxidized to S(O) or 
S(O) and either 1 or 2 non-fused ring carbons are 
optionally oxidized to C(O); and wherein the optionally 
fused heteroaromatic ring is optionally substituted with 
a total of from 1 to 4 substituents selected from Zero to 2 
(CH)N(R)R’ and zero to 2 (CH), R: 

AryB is a bicyclic ring system which is phenyl fused with 
a 5- to 7-membered Saturated heterocyclic ring contain 
ing from 1 to 3 heteroatoms independently selected from 
N, O and S, wherein any ring S is optionally oxidized to 
S(O) or S(O), and wherein the bicyclic ring system is 
optionally substituted with a total of from 1 to 4 sub 
stituents selected from zero to 2 (CH2)N(R')R’ and 
zero to 2 (CH), R: 

each n is independently an integer which is 0, 1, 2, or 3: 
each R" is independently H or Cs alkyl: 
each R is independently H or Cs alkyl: 
each R is independently C- alkyl, OH, O—Cs alkyl, 
OC(O) Cls alkyl, C(=NH)NH, NH-C(=NH) 
NH, halogen, CN, C(O)R, C(O)CR', C(O)N(R)R’, 
SOR', SON(R)R’, pyridyl, pyrrolidinyl, piperidinyl, 
piperazinyl, morpholinyl, or thiomorpholinyl: 

and provided that: 
(A) when R is C(O)OR and R is Ary A, then Ary A is 

not (i) unsubstituted phenyl, (ii) phenyl substituted 
with NH, (iii) phenyl substituted with OH, (iii) phe 
nyl substituted with O C alkyl, (iv) phenyl sub 
stituted with one or more halogens, or (V) phenyl 
substituted with C alkyl; 

(B) when R' is C(O)OR and R is Calkyl substituted 
with HetB, then HetB is not pyridyl: 

(C) when R is C(O)OR and R is CH-Ary A or 
CHCH-Ary A, then Ary A is not (i) unsubstituted 
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phenyl, (ii) phenyl substituted with NH, OH, 
O—C alkyl, or Calkyl, or (iii) phenyl Substituted 
with one or more halogens; 

(D) when R' is C(O)N(R)R, R is Ary A, CH-Ary A or 
CHCH-Ary A, and R is Hor C. alkyl, then Ary A 
is not unsubstituted phenyl, phenyl substituted with 
N(CH), or phenyl substituted with C(O)NH; 

(E) when R' is C(O)N(R)R, R is Calkyl substituted 
with HetB, and R is H or C. alkyl, then HetB is not 
pyridyl; and 

(F) when R is C(O)ORandR is C alkyl substituted 
with R, then R is not C(O)NH2. 

2. The compound according to claim 1, or a pharmaceuti 
cally acceptable salt thereof, wherein bonda is a single bond 
and X is —CH2—, or —CH2CH2—. 

3. The compound according to claim 1 or claim 2, or a 
pharmaceutically acceptable salt thereof, wherein R is 
OSOM. 

4. The compound according to claim 6, or a pharmaceuti 
cally acceptable salt thereof, wherein R is OSOH. 

5. The compound according to claim 1, or a pharmaceuti 
cally acceptable salt thereof, wherein R is C(O)N(R)R. 

6. The compound according to claim 5, or a pharmaceuti 
cally acceptable salt thereof, wherein R is HetA, CH2-HetA, 
CHCH-HetA, CH(CH)-HetA, or CH(CHOH)-HetA. 

7. The compound according to claim 6, or a pharmaceuti 
cally acceptable salt thereof, wherein HetA is an optionally 
fused, saturated heterocyclic ring selected from the group 
consisting of aZetidinyl, pyrrolidinyl, oxopyrrolidinyl, pip 
eridinyl, piperazinyl, tetrahydropyranyl, tetrahydrothiopyra 
nyl, morpholinyl, 1,1-dioxidotetrahydrothiopyranyl, azepa 
nyl, oxazepanyl, azocanyl, and azabicyclo3.1.0 cyclohexyl, 
wherein the heterocyclic is optionally substituted with 1 or 2 
(CH),N(R')R’ and optionally substituted with 1 or 2 (CH.) 
R. 
8. The compound according to claim 6, or a pharmaceuti 

cally acceptable salt thereof, which is a compound selected 
from the group consisting of 

(A1) 

V 
N 

O 

lk 
N . 
H 

T 
N ... I IIH, 

N 
V 

O R2 
(A2) 

T 
n N O 

!. 
N 8. 
H 

T N ... I I IIH, 

N 
M 

O R2 
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-continued 

(A14) 

i 1 '... 
H 

N N 11 IIH, 
T1 

N 
V 

O R2 

(A15) 
OH 

i l 
H 

N N 11 IIH, T1 O 
N 
V 

O R2 

T (A16) 

NN O 

!. N '.. 
H O )Y V 

O R2 

(A17) 
O 

N u. N-1SN 
H 

N ... I I IIH, 

y 
V 

O R2 

T (A18) 

s^ O N--- N-11, 
H 

N ... I IIH, 

yY, 
V 

O R2 

(A19) 
T O 

N J N , 
N 4. N 

KU N I IIH, and y 
M 

O R2 
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-continued 

T 
n N 

O 

l 
N 
H 

(A20) 

wherein T is H. C. alkyl, pyrrolidin-3-yl, piperidin-4-yl, 
(CH), O—C alkyl, (CH), OH. (CH) F. 
(CH2)--piperidinyl, (CH2)--pyrrolidinyl; and T is H. 
Cl, Br, F. C. alkyl, O C alkyl, OH, NH, N(H)— 
C. alkyl, or N(-C alkyl). 

9. The compound according to claim 8, or a pharmaceuti 
cally acceptable salt thereof, wherein T is H, CH, pyrrolidin 
3-yl, piperidin-4-yl, (CH), OCH (CH2)2OH. (CH) F. 
(CH2)--piperidinyl, (CH)--pyrrolidinyl; and T is H. F. 
O C, alkyl, OH, NH, N(H)CH, N(CH). 

10. The compound according to claim 5, or a pharmaceu 
tically acceptable salt thereof, wherein R is HetB. 

11. The compound according to claim 12, or a pharmaceu 
tically acceptable salt thereof, wherein HetB is a heteroaro 
matic selected from the group consisting of pyrrolyl pyra 
Zolyl, imidazolyl, pyridyl, pyrimidinyl, thiazolyl, 
piperidothiazolyl pyrrolidothiazolyl, piperidopyridyl, and 
pyrrolidopyridyl, wherein the heteroaromatic ring is option 
ally substituted with 1 or 2 (CH2)N(R')R’ and optionally 
substituted with 1 or 2 (CH2)R groups. 

12. The compound according to claim 10, or a pharmaceu 
tically acceptable salt thereof, which is a compound selected 
from the group consisting of 

(B1) 
V 

N21 O 

l v1s N1 ... 
H 

V N I IIH, 

N 
V 

O R2 
(B2) 

V 

W 
21 h O 

l v1s N1 . 
H 

N I IIH, 

N 
V 

O R2 
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-continued 

W N 
2 O 

v1s - 
H 

V ... I I IIH, 

'', 

N 

N 
M 

O R2 

V 

V 
Na O 

ls l l 
V N N A. 

H 

O IIH, 
N 
V 

O R2 

W N V 
2 O 

Sa ! 
V N N A. 

H 

N IIH, 

N 
M 

O R2 

V 

/ N O 

vKl N '', N 

M H O V 
N ... I IIH, 

N 
V 

O R2 

Yi 

7 N O 

Y-Kull o, S N 8. 
H 

N IIIH, 

N 
V 

O R2 

Z-N 

(B3) 

(B4) 

(B5) 

(B6) 

(B7) 

(B8) 

and 
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-continued 
(B9) 

Z 
V 
N 

21 O 

all 
N N 

H 

N I IIH: 

N 
V 

O R2 

wherein V, V, V", Y, Y and Z are each independently 
Selected from the group consisting of H, CH, pyrrolidi 
nyl, piperidinyl, piperazinyl, morpholinyl, thiomor 
pholinyl, CH2-pyrrolidinyl, CH-piperidinyl, CH2-pip 
erazinyl, CH2-morpholinyl, CH2-thiomorpholinyl, 
NH, N(H)CH, N(CH), CH-NH, CHN(H)CH, and 
CHN(CH), with the proviso that: 
(i) at least one of V. V and V" is H; and 
(ii) at least one ofY and Y is H. 

13. The compound according to claim 5, or a pharmaceu 
tically acceptable salt thereof, wherein R is Ary A. 

14. The compound according to claim 13, or a pharmaceu 
tically acceptable salt thereof, wherein Ary A is phenyl which 
is optionally substituted with 1 or 2 substituents each of which 
is independently C- alkyl, CHNH, CHN(H)—C alkyl, 
CHN( C alkyl), O C alkyl, Cl, Br, F, NH, N(H)— 
C. alkyl, N( C alkyl), C(O)NH2, C(O)N(H)—C. 
alkyl, C(O)N( C alkyl), C(O)—C alkyl, C(O)O— 
C. alkyl, OC(O)—C alkyl, S(O), C alkyl, S(O) 
NH, S(0)N(H)—C alkyl, S(O)N(-C alkyl), pyrro 

lidinyl, piperidinyl, morpholinyl, CH-pyrrolidinyl, CH 
piperidinyl, or CH2-morpholinyl. 

15. The compound according to claim 5, or a pharmaceu 
tically acceptable salt thereof, wherein R and R together 
with the N atom to which they are both attached form a 
heterocyclyl selected from the group consisting of 

wherein the ring is optionally substituted with 1 or 2 substi 
tutents each of which is independently C- alkyl, CF 
CHOH, CHO C, alkyl, CHOCF, CHNH, CHN 
(H)—C alkyl, CHNO C. alkyl). O—C alkyl, OCF, 
oxo, Cl, Br, F, NH, N(H)—C alkyl, N( C alkyl). 
C(O)NH2, C(O)N(H)—C alkyl, C(O)N( C alkyl). 
C(O)—C alkyl, C(O)O—C alkyl, or S(O), C alkyl. 

16. The compound according to claim 5, or a pharmaceu 
tically acceptable salt thereof, wherein R is AryB. 
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32. A process for preparing a compound of Formula P-II: 

PS 
N N p O 

( !. g w 

T R4 N 
Boc1 

which comprises: 
(A) contacting a ketosulfoxonium glide of Formula P-I: 

R O Boc 
Ss? HN1 R4 T 

RU 
N 

), 
O O N 

a. 
g PG 

with an iridum, rhodium, or ruthenium catalyst to obtain 
Compound P-II; 

wherein: 
P is an amine protective group selected from the group 

consisting of carbamates and benzylamines; 
R is CH or phenyl: 
R is CH or phenyl: 
R" is H or C, alkyl: 
T is H. Cl, Br, F. C. alkyl, O C alkyl, OH, NH, 
N(H)—C alkyl, or N(-C alkyl); 

p is Zero. 1 or 2; q is Zero, 1, or 2; and p--qZero, 1, 2, or 3. 
33. The process according to claim 32, wherein P is Cbz 

and Compound P-II is Compound P-IIa: 

NN p O 

(9, N 
T R4 N 

Boc1 O; 

and wherein the process further comprises: 
(B) treating Compound P-IIa with a reducing agent to 

obtain a compound of Formula P-III: 

NN p O 

(9, N 
T R4 N 

Boc1 OH: 

(P-II) 

(P-I) 

(P-IIa) 
Cbz 

(P-III) 
Cbz 
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and 
(C) contacting Compound P-III with a sulfonylhalide of 

formula R SOW in the presence of a tertiary 
amine base to obtain a compound of Formula P-IV: 

(P-IV) 
Cbz 

nN.1 O 

( g N O O 

T N \/ 
Boc1 o1 YRA. 

wherein: 
W is halogen; and 
R is: 

(1) phenyl optionally substituted with from 1 to 3 sub 
stituents each of which is independently C alkyl, 
Chaloalkyl, O—C alkyl, O-Chaloalkyl, Cl, 
Br, F, or NO; 

(2) C alkyl; or 
(3) Chaloalkyl. 

34. The process according to claim 33, which further com 
prises: 

(D) contacting Compound P-IV with N-Boc-O-benzylhy 
droxylamine in the presence of a base to obtain a com 
pound of Formula P-V: 

NN p O 

(). N 

T R4 N Boc: 
Boy N1 OC 

OCH2Ph 

and 

(E) treating Compound P-V with an acid to obtain a com 
pound of Formula P-VI: 

(P-VI) 

35. The process according to claim 34, which further com 
prises: 

(F) contacting Compound P-VI with phosgene, diphos 
gene or triphosgene in the presence of a tertiary amine, 
and then adding an aqueous Solution of acid to obtain a 
compound of Formula P-VII: 
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Cb (P-VII) 

*n- O 

(). N 

T N H 

N 
V 

O OCHPh; 

and 

(G) contacting Compound P-VII with a source of hydrogen 
in the presence of a hydrogenolysis catalyst and in the 
presence of a Boc-producing agent to obtain a com 
pound of Formula P-VIII: 

(P-VIII) 

NN p O 

(). N 

T R N H. 

y V 
O OH 

36. A process according to claim 32, wherein the com 
pound of Formula P-II is Compound p-2: 

Cb (p-2) 
Z. 

Ol 
H 

N 
Boc1 O, 

which comprises: 
(A) contacting ketosulfoxonium ylide p-1: 

(p-1) 

Cbz 
NN O O 

----- SNCH, N \ 
H CH 

HNS 
Boc 

with a catalyst selected from the group consisting of iri 
dium cyclooctadiene chloride dimer, RuCl(PPh), 
Ru(DMSO)C1, and Rh(TFA), to obtain Compound 
p-2. 
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37. The process according to claim 36, which further com 
prises: 

(B) treating Compound p-2 with a reducing agent selected 
from the group consisting of Liborohydride, Na boro 
hydride and Kborohydride, to obtain Compound p-3: 

(p-3) 

and 

(C) contacting Compound p-3 with a sulfonyl halide of 
formula R SOW in the presence of a tri-C alky 
lamine base to obtain a compound of Formula p-4: 

(p-4) 

wherein W is chlorine; and 
R is methyl, chloromethyl, phenyl, 4-bromophenyl, 4-trif 
luoromethylphenyl, or 4-methylphenyl. 

38. The process according to claim 37, which further com 
prises: 

(D) contacting Compound p-4 with N-Boc-O-benzylhy 
droxylamine in the presence of a a base selected from the 
group consisting of Lit-butoxide, Nat-butoxide, Kt-bu 
toxide and Kamyloxide to obtain Compound p-5: 

(p-5) 
Boc 

N 
n OBn: 

H 
N w Sry 

N O Boc 
Cbz 

and 

(E) treating Compound p-5 with an acid selected from the 
group consisting of methanesulfonic acid, chlo 
romethanesulfonic acid, p-toluenesulfonic acid and ben 
Zenesulfonic acid to obtain a compound of Formula p-6: 
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(p-6) 

YOBn. 
H 
N s N 

H 

39. The process according to claim 38, which further com 
prises: 

(F) contacting Compound p-6 with triphosgene in the pres 
ence of a tri-C alkylamine base, and then adding an 
aqueous Solution of phosphoric acid to obtain Com 
pound p-7: 

Cb (p-7) 
Z. 
n N O 

l 
N 
H 

N '. 
H. 

N 
V 

O OBn 

and 

(G) contacting Compound p-7 with hydrogen in the pres 
ence of a Pd catalystanda Boc-producing agent selected 
from the group consisting of di-t-butylcarbonate and 
Boc-ON to obtain Compound p-8: 

B (p-8) 
OC 
n N O 

!k 
N 
H 

N '', 
'H. 

N 
V 

O OH 

(P-I) 
R O poe 
nasa HN R4 T 

RU 
N 

), 
O O N 

NPG 
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-continued 
(P-II) 

PG 
NN p O 

('). N 

T R4 N 
Boy O, 

(P-III) 
Cbz 
NN p O 

(). N 

T R4 /N 
Boc OH, 

(P-IV) 
Cbz 

(). N O. O 

T o \/ Boc1 o1'NR, 
(P-V) 

Boc 

OCHPh 
(P-VI) 

Cbz 
n N p O 

(). N 

T R4 HN 
NH 

OCH2Ph; 

wherein: 

P is an amine protective group selected from the group 
consisting of carbamates and benzylamines; 

R is CH or phenyl: 
R is CH or phenyl: 
R" is H or C, alkyl; 
T is H, Cl, Br, F. C. alkyl, O C alkyl, OH, NH, 
N(H)—C alkyl, or N(-C alkyl); 

p is Zero. 1 or 2; q is Zero, 1, or 2; p +q Zero, 1, 2, or 3; and 
R is: 

(1) phenyl optionally substituted with from 1 to 3 sub 
stituents each of which is independently C. alkyl, 
Chaloalkyl, O—C alkyl, O-Chaloalkyl, Cl, 
Br, F, or NO; 

(2) C alkyl; or 
(3) Chaloalkyl. 
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41. A compound according to claim 40, which is selected 
from the group consisting of 

(p-1) 

Cbz 
NN O O 

25NCH, N \ 
H CH 

HN 
Y Boe 

Cb (p-2) 
Z. 

NN O 

l, N1 '', 
H 

N 
Boc1 O, 

(p-3) 

90 
Oct. 17, 2013 

-continued 
(p-4) 

O 

N 2O, 
V 

N a RA 

C r N O Boc 
Cbz1 

(p-5) 

Boc 

\ 
r YOBn, and H 

Na w 

C N O 
Cbz1 

(p-6) 

Boc 

c YOBn: 
N 
H 

wherein R is methyl, chloromethyl, phenyl, 4-bromophe 
nyl, 4-trifluoromethylphenyl, or 4-methylphenyl. 

k k k k k 


