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o FE® sl Bgteo] a7] ke T o shuel A& SFO® sk 84 dHE e Fgte:

1) (1z 52)-HE-5-((HE-F-dueaada) & A))-1,10-t] ¥ d-3-E 4 -4, 6a-T] }o] = 2-3H-3] 2] = [ 1,2~
[1,4]t)o}x2A-6-7F2 82 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-tosyl-
4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

2)  (1z,52)-"g-5-((HE-FEueAdd)SA)-1-3d-10-(p-EE)-3-EA-4,6a-H 3}o| =2-30-F | = [ 1, 2~
d][1,4]t)e}zA1-6-7t 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(p-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

3) UZ%%ﬂgﬁﬁﬁﬂiigﬂﬂgéﬁ}gﬂ)m(4ﬂ§ﬂ]%)lﬂkiSEN46aﬂ4ﬂti3H4ﬂc
[1,2-d][1,4]t)e}2A1-6-7I 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
methoxyphenyl)—1—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

4) (12,57)- UﬂE] 10-(4-(HE-F2) A d)-5-((H E-FEUu e e ) &A])-1-81d-3-EA -4, 6a-U }o]| =2~
3H-Y 8 &= [1,2-d][1,4]t) o} A1-6-7tE2E-A o] E{(1Z,5Z)-methyl-10-(4-(tert-butyl)phenyl)-5-((tert—
butyldlmethy151lyl)oxy)—l—phenyl—B—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

5) (1Z, 5Z)—U1]E]—5—((E15 FEAUWEA)EA])-10-(4-EF 229 d)-1-9d-3-E 24, 6a-1] 5} o] = 2 -3H-T] ]
=[1,2-d][1,4]5)o}2A-6-72 5 g o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
fluorophenyl)—1—pheny1—3—tosy1—4,6a—dihydro—3H—pyrido[l,Z—d][1,4]diazocine—6—carb0xylate}

6) (17, 52)—U11E1—5—((E15 FEOHEAH)SA])-10-(4-F 225 d)-1-5d-3-EA-4,6a-T] 3fo] =2 -3H-F| 2| &=
[1,2-d][1,4]t)e}2A1-6-7I 25 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
chlorophenyl)—1—pheny1—3—t05y1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate}

7)(HBDWFLN%k@ﬂBﬂé%&«HE?%ﬂﬂ%@%ywﬂﬂﬂ%?&iﬂﬂ6rﬂﬂﬂ5iﬂﬁﬂﬂ5
[1,2-d][1,4]t)o}xA1-6-7t 2B A H o] E{(1Z,5Z)-methyl-10-(4-acetylphenyl)-5-((tert-
butyldlmethy151lyl)oxy)—l—pheny1—3—t0sy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xy1ate}

8) (172,52)-"le-5-((E E-Fd e d2) S A)-1-#Hd-10-(m-F Y )-3-EA-4,6a-tslo] = 2-3H-F] 2| = [ 1, 2-
d][1,4]t)e}zA1-6-7t 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(m—-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

9) (1Z,52)-\E-5-((HE-FEOH a4 d)S$A)-10-(3-HEA Hd)-1-7 d-3-E 24, 6a-T| sl o]| =2 -3H-T | &
[1,2-d][1,4]t]o}xA1-6-7}2E- 2 g o] E {(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(3-
methoxyphenyl )-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

10) UZ5D—ﬂB—5(Uﬂé~¥%E]Vé@%)iﬂ)lﬂ(Q‘ g2-2-9)-1-94d-3-E4-4,6a-T] 5}°]| =2 -31-7] g
%[1,2-d][1,4]t) o} A-6-FtEE A # o] E{(1Z,57)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(naphthalen-

Z—yl)—1—pheny1—3—tosyl—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

11) (1Z,52)-He-5-((HE-FegueAdd) S A )-9-1g-1,10-t H d-3-E 24, 6a-t]s}lo]| = 2-30-9 2| Z[ 1,2~

d][1,4]t)e}zA1-6-7F 252 g o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-9-methyl-1,10-

diphenyl-3-tosyl-4,6a-dihydro-3H-pyridol[1,2-d][1,4]diazocine-6-carboxylate}

12) (1Z,52)-"e-5-((HE-FEgyedd) A )-8-1e-1,10-t Hd-3-E2-4 6a-t]s}lo]| = 2-30-9 2| Z[ 1,2~

d][1,4]t)e}zA1-6-7F 252 g o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-8-methyl-1,10-
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diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

13) (1Z,57)- uﬂE‘ -5-(HE-FEymEAd) & A))-10-#Hd-1-(p-E4)-3-E4H-4,6a-T] 5l o| = 2-30-9] 2| = [ 1, 2-
[1,4]t]o}Z2A-6-7t 25 A 80| E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(p-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate}

M)GZ&)ﬂ95(@LAfaﬂﬂ%§%V“D1(4ﬂiﬂ]é)mJﬂiSE”46aﬂ4ﬂci3H4ﬂ¢
[1,2-d][1,4]t)o}2Al-6-7I 25 A o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
methoxyphenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate}

B)OZ%)ﬂg5(@LATEQﬂgéﬂﬁMDﬂ&ﬂé%%?Lkﬂ%Eﬂafﬁiﬂgﬁﬂﬁﬂ6Tﬂﬂﬂc
2-3H-98 =[1,2-d][1,4]t]o}2A-6-7F 25 A e o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-
phenyl—S—tosyl—l—(4—(tr1fluoromethyl)phenyl)—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]dlazoc1ne—6—

carboxylate}

16) (1Z,52)-vE-1- (4 BREd)-5-((HE-FEyaaa)2A)-10-9d-3-FE2 -4, 6a-t] 5}o] = 2-3-3] 2] =
[1,2-d][1,4]t]o}x4l-6-7} 282 g o] E{(1Z,5Z)-methyl-1-(4-bromophenyl )-5-((tert-
butyldlmethylsl1y1)oxy)—lO—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azocine—6—carboxylate}

17) (1Z,52)-"g-5-((HE-FEuugd a8 ) SA)-1-(4-ZF 2 25 d)-10-3 9-3-E 2 -4, 6a-T] 3} o] = = -31-3] g
%=[1,2-d][1,4]5)o}2A-6-7t2 5 A d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
fluorophenyl )-10-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

18) (1Z,52)-"E-5-((HE-FEure A=) EA)-10-#Hd-1-(n-E2)-3-E2-4,6a-t]s}lo| = 2-30-9 & = [ 1,2~
d][1,4]t)e}zA1-6-7F2 52 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(m-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

19) (17, 5Z)—uﬂFJ—5—((E15 FeEOHEAA)SA])-1-(3-2F 2 2Hd)-10-4d-3-E4-4,6a-t] slo]| =2 -3H-3] ]
X=[1,2-d][1,4]5)o}2A-6-7t 25 A d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(3-
fluorophenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate}

20) UZM%ﬂ%ﬁ%@ﬁi¥%ﬂﬂ%§%F”D110ﬂ]%3(ﬂ%%i%)4&iﬂ4ﬂci3H4ﬂc
[1,2-d][1,4]t)e}2A1-6-7I 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-
(phenylsulfonyl)—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate}

21)  (12,52)-WE-5-((H E-F e e A ) % A])-3-((4-HEA H D) &2 d)-1,10-t] ¥ -4, 6a-T] 3} o] = 2 -3H~
Y =[1,2-d][1,4]t]o}ZA-6-7t 2B g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-3-((4-
methoxyphenyl)sulfonyl)-1,10-diphenyl-4,6a-dihydro-3H-pyridol[1,2-d][1,4]diazocine-6-carboxylate}

22) (Hﬁm—ﬂaﬁ4(35m¥QQﬂ%§%Diﬂ)110q Ad-3-(4-(Eg|EFo2vE)dd)&Exd)-4,6a-1
lol = 2-30-y] 2| =[1,2-d][1,4] ) o}Z2A-6-7L 2 52 g o] E{(1Z,5Z)-methyl-5-((tert—
butyldimethy1s1lyl)oxy)—l,10—d1phenyl—3—((4—(tr1fluoromethyl)phenyl)sulfonyl)—4,6a—dihydro—3H—
pyrido[1,2-d][1,4]diazocine-6-carboxylate}.
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o] AsIgiont, A e|ginh.

dgz, 2-471-2 3-Felr]d Qoo E(2-alkyl-2,3-butadiencate) B 1,4-=2} A1E(1,4-dipole synthon)<
ARgEko] [442] E]st H7F ve-S B3 69 slElE 1] 3}&E(six-membered heterocycles)S A= W
ol  JiA® w93, WA FH(atypical) 1,2-8FAR1 2-oladAlo| FEZE -1, 1-T 72 R AL (2-
arylcyclopropane-1,1-dicarboxylate)o] A ag]3t H7F 93-S E&) HEZ W (tetralin) g BASIE o)
Ak (dimerization) "Hg-oll i3] 7AAE wf Jrt.

= dAES A 2 S AA L] dANA st 2 Rt olye A= 5§st To st
538 dx4 (compatible match)S ®WEs] Wy, zdo] 7l53do] L wat, A%, AMES 1,n-%FA9
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=

= Ad A8E 2 9
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o=, A7Iek 22 84 HHE 1E FHtE] S A% [543] gt Hrb vkl Ik A 2 spA| Rk
T4 F7F Bag b Qloh, dEE, = 1(a)ol vERA vk o], OHﬂiﬂlqF/‘ri(acetoxypyranone)"
Z2RH in situ FAE F-SALEIHE FEHA oA FHA(3-oxidopyrylium zwitterionic intermediate):
olZFAslol o7 o]Foz dAH 8Y FH=E g IFES AT AMEe] B vl 9th(Hendrickson et
al., 1980).

lo, ofy
o
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w3, = 1(b)el YERA upe} o], FolzAk HuE o] &3t ZFBud p 5A (molybdenum p complexes)
2 kg ofM|P(allylic acetals) Afolel [5+3] |3} H7F Wb&S FEd] SAl-(oxa-) & oFAb-(aza-
)[3.3.1] ol 28] EH&A|(bicyclic complexes)E AAsIE Wyl &3] Bad v} lth(Liebeskind et al.).

| elsh 2 in situ AR L,5-GHA o] & FAE ol gate] A 1e) Aol olel 89 el e
2 FAsks ol ANAE B gont, 1 WelE g A@E ol

ool meh, Nitd 1,n—dFAE ol gatel [5+3] welak A7k WS Bol e FEE 89 el wel B
& A el B9 977 Bast)
MY 7] e
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(R E3]&3 0001) (a) X. Xu, M. P. Doyle, Acc. Chem. Res. 2014, 47, 1396; (b) K. V.Gothelf, K. A. J
rgensen, Chem. Rev. 1998, 98, 863; (c) 1,3-Dipolar Cycloaddition Chemistry, Vol. 1 & 2 (Ed.: A.
Padwa), Wiley, New York, 1984, p. 1521.

(FE38%3 0002) Selected references for 1,2- and 1,4-dipole precursors: (a) R.Huisgen in Topics in
Heterocyclic Chemistry(Ed.: R. Castle), Wiley, New York, 1969, chap. 8; (b) A. Padwa, S. R. Harring,
M. A. Semones, J. Org. Chem. 1998, 63, 44; (c¢) I. Ungureanu, P.Klotz, A. Schoenfelder, A. Mann, Chem.
Commun. 2001, 958; (d) V. Nair, A. R. Sreekanth, N. Abhilash, M. M. Bhadbhade, R. C. Gonnade, Org.
Lett. 2002, 4, 3575; (e) B. Alcaide, P. Almendros, I. Ferngndez, C. Lgzaro-Milla, Chem. Commun.
2015, 51, 3395; (f) Y. Li, X. Su, W. Zhou, W. Li, J. Zhang, Chem. Eur. J. 2015, 21, 4224.

(A1 53=3 0003) (a) X.-F. Zhu, J. Lan, O. Kwon, J. Am. Chem. Soc. 2003, 125, 4716; (b) R. A.
Novikov, A. V. Tarasova, V. A. Korolev, V. P. Timofeev, Y. V. Tomilov, Angew. Chem. Int. Ed. 2014, 53,
3187; Angew. Chem. 2014, 126, 3251.

(M) E3EE 0004) Recent review: K. C. Majumdar, RSC Adv. 2011, 1, 1152.

(R E3]E3 0005) Selected references: (a) P. A. Wender, A. G. Correa, Y. Sato, R. Sun, J. Am. Chem.
Soc. 2000, 122, 7815; (b) M. Potowski, J. 0. Bauer, C. Strohmann, A. P. Antonchick, H. Waldmann,
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Angew. Chem. Int. Ed. 2012, 51, 9512; Angew. Chem. 2012, 124, 9650; (c¢) Z.-L. He, H.-L. Teng, C.-J.
Wang, Angew. Chem. Int. Ed. 2013,52, 2934; Angew. Chem. 2013, 125, 3006; (d) Z.-L. He, C.-J. Wang,
Chem. Commun. 2015, 51, 534.

(R &3 %3 0006) (a) J. B. Hendrickson, J. S. Farina, J. Org. Chem. 1980, 45, 3361; (b) R. G. Array
gs, L. S. Liebeskind, J. Am. Chem. Soc. 2003, 125, 9026.

(R &3] %38 0007) (a) E. 0. M. Orlemans, B. H. M. Lammerink, F. C. J. M. V.Veggel, W. Verboom, S.
Harkema, D. N. Reinhoudt, J. Org.Chem. 1988, 53, 2278; (b) F. A. G. El-Essawy, S. M. Yassin, I. A. El-
Sakka, A. F. Khattab, I. Salltofte, J. . Madsen, A. Senning, J. Org. Chem. 1998, 63, 9840; (c) D.
Garayalde, C. Nevado, ACS Catal. 2012, 2, 1462.
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R &4 1 WA 580 &7 RS 54w
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HA[EFa,a,a’ ,a -HEZHE-1,3-WA0 2922 (Bis[rhodium(a, a,a’ ,a’ -tetramethyl-1,3-
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Tk, 7] 8Y slEE 1E sEES s3] SFtE T o Ul AL EFPoRE g
1) (1Z,57)-WE-5-(( E-REowgAdd )2 1])-1,10-t] H d-3-E 24, 6a-t] 5}o] = 2 -31-9] 2] £ [ 1,2~

d][1,4]0}2A-6-7 2852 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-tosyl-
4,6a-dihydro-3H-pyridol[1,2-d][1,4]diazocine-6-carboxylate}

2) (12,52)-Me-5-((H E-FEOud 2 H) A )-1-39-10-(p-EH )-3-E4 4, 6a-t] s}o]| =2 -30-3| | = [ 1, 2-
dl[1,4]t)olxA-6-7} 2B A g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(p-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

3)  (1Z,52)-mE-5-((H E-FE o mgdd) $A)-10-(4-H 5 9 D) -1-¥9-3-E 24, 6a-U] }o]| = 2-30-¥] g =
[1,2-d][1,4]t)o}2A-6-7}2 5 A 80| E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
methoxyphenyl)—1—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxy ate}

4) (1Z,52)-W¥-10-(4- (5 E-F &) i d)-5-((H E-FE e A ) A )-1-9d-3-E4 -4, 6a-T] 3} =2~
-9 8] %2 [1,2-d][1,4]t)o}xA1-6-Ft2E- A o) E{(1Z,5Z)-methyl-10-(4-(tert-butyl)phenyl)-5-((tert-
butyldimethylsilyl)oxy)-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

5) (1Z,52)-WE-5-((B| E-FEUr e A2 ) 2 A])-10-(4-ZF ¢ 23 d)-1-3 9-3-E 2 -4, 6a-t] 5}o] = 2-31-3] 2
=[1,2-d][1,4]9et2A-6-7t2 52 H o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
fluorophenyl )-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyridol[1,2-d][1,4]diazocine-6-carboxylate}

6) (1Z,52)-WE-5-((E|E-Fdum e &) S ])-10-(4-F 223 d)-1-99-3-E2-4,6a-T] slo] = 2-30-7] 2| &=
[1,2-d][1,4]t)e}2A1-6-7t2 5 A8 o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
chlorophenyl)-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

7). (1Z,52)-"E-10-(4-olM 83 d)-5-((H E-FEHUWE A=) L&A ) -1-H1d-3-EA-4,6a-U 5} = 2-3l-F 2| =
[1,2-d][1,4]t)o}xA1-6-7F2 8- o]E{(1Z,5Z)-methyl-10-(4-acetylphenyl )-5-((tert-
butyldimethylsilyl)oxy)-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

8) (12,57)-wWe-5-((HE-YEguaAdd)SA])-1-9d-10- (-5 4 )-3-EA-4, 6a-1) 5}o] = 2-3H-9 2] = [ 1, 2-
1[1,4]0}2A-6-7F 25 8 o] E{(1Z,5Z)-methy1-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(m-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

9) (1Z,52)-"E-5-((H E-Feoue A=) S A)-10-(3-d E A H ) -1-81 d-3-EA-4,6a-t 5} o] = 2-3l-F 2] =
[1,2-d][1,4]t)e}&A-6-Ft2E 2 8 0] E {(17,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(3-
methoxyphenyl )-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

10) (1Z,52)-He-5-((HE-Fegue A ) A ) -10-(VJZ gdl-2-d)-1-9 d-3-FE 2 -4, 6a-t] 5}o] = =-30-31]
=[1,2-d][1,4]9)o}FAl-6-7t 28 A # o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(naphthalen-
2-y1)-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

11) (1Z,52)-vlg-5-((H E-F-dum e A ) S A])-9-ve-1,10-t] ¥ I-3-E 44, 6a-t] slo] =2-30-3| & =[ 1,2~
1[1,4]0}2A-6-7F 25 g o] E{(1Z,52)-methy1-5-((tert-butyldimethylsilyl)oxy)-9-methyl-1, 10-

diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

12) (1Z,52)-vg-5-((H E-F-dumad A ) S A])-8-me-1,10-t] ¥ I-3-E 44, 6a-t] slo] =2-30-3| & = [ 1,2~
11,410} 2A-6-7F2 &5 g o] E{(1Z,52)-methy1-5-((tert-butyldimethylsilyl)oxy)-8-methyl-1, 10-

diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

1@ (1Z,52)-WE-5-((HE-FE v add) S A])-10-9 d-1-(p-E 2 )-3-EA-4,6a-T] 3} =2 -30-F] 2| = [ 1, 2-

[1,4]1H0}2A-6-7t2 52w o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(p-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyrido[1,2—d][1,4]diazocine—6—carb0xylate}

14) (1Z,52)-"g-5-((H E-2E 0w g A 2) & A )-1-(4-H EA F d)-10-H D-3-E2 -4, 6a-T] 5} o] = 2 -30-T| ] &

_10_



[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

ZIHSd 10-2017-0080190

[1,2-d][1,4]t)o}2Al-6-7I2 5 A o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
methoxyphenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate}

B)UZ%)ﬂg5(@LATeﬂﬂ%@%ﬁ“hﬂ&ﬂéﬂ%?Lkﬂ%EQ%EQEﬂgﬁ%Q%6$ﬂﬂﬂc
2-3H-1 8 =[1,2-d][1,4]t]o}2A-6-7F 25 A e o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-
phenyl—S—tosyl—l—(4—(tr1fluoromethyl)phenyl)—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]dlazoc1ne—6—
carboxylate}

16) (1Z,52)-"E-1- (4 BReHd)-5-((HE-FEyaaa)2A)-10-9d-3-FE2 -4, 6a-t] 5}o] = 2-31-3] 2] =
[1,2-d][1,4]t]o}x41-6-7} 282 g o] E{(1Z,5Z)-methyl-1-(4-bromophenyl )-5-((tert-
butyldlmethylsl1y1)oxy)—lO—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azocine—6—carboxylate}

17) (17,5Z)-H¥-5- ((EL FEOrE A ) A])-1-(4-ZF Q2 25 9)-10-H 9-3-E4-4,6a-1] 5} o] = 2-31-7] 2]
=[1,2-d][1,4]5)o}2A-6-7t 25 d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
fluorophenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

18) (1Z,52)- Uﬂg S5-((HE-FEOua A e ) S A])-10-gd-1-(m-52)-3-EA-4,6a-U 3} =2-3H-F & = [ 1,2~
[1,4]t]o}Z2A-6-7t 2858 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(m-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyrid0[1,2—d][1,4]diazocine—6—carboxylate}

19) (17,52)-HE-5-((HE-FE e 22 ) A )-1-(3-ZF 2 244 )-10-3d-3-FE2-4,6a-t] 3} o] = 2 -3H-3] 2]
=[1,2-d][1,4]5)o}2A-6-7t 25 A # o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(3-
fluorophenyl )-10-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

20) (1z 52)-ME-5-((B|E-FE e dad)EA)-1,10-4 ¥ d-3-(Ad & X9 )-4,6a-t] 30| = 2-31-¥] 2| =
[1,2-d][1,4]t)e}2A1-6-7I 252 d o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-
(phenylsulfonyl)—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

21) 1z, 5Z)—UﬂFJ—5—((E15 FegaAdd) S A)-3-((4-HEA D) &xd)-1,10-t] ¥ d-4,6a-t] 5} o] =2 -3H~
Y =[1,2-d][1,4]t]o}ZA-6-7t 2B g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-3-((4-
methoxyphenyl)sulfonyl)—l,10—dipheny1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate}

22) (1Z,5Z)—U1]E]—5—((E1_EA *‘?*E]e‘:]uﬂ%/é‘?é)&’\]) 1,10-9 9 d-3-(4-(Eg| EF=2ve)dd)&Exd)-4,6a-1]
lol = 2-3H-y] 2| =[1,2-d][1,4] ) o}Z2A-6-7L 2 52 g o] E{(1Z,5Z)-methyl-5-((tert—
butyldimethy151lyl)oxy)—l,10—d1phenyl—3—((4—(tr1fluoromethyl)phenyl)sulfonyl)—4,6a—dihydr0—3H—
pyrido[1,2-d][1,4]diazocine-6-carboxylate}.
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72 AAld 3-1 WA 3-69] Wil whet 8¢ aEl® el shgheel Alxzshe e uEhd v 3 E
e = =ott

o

wge HAe)7] flek 7FAE QL &

Bouge gugl glold #E A 7% mi: Al gE AL dde] ¥ wye axE Fuas
59 4 A HREE A9oE 1 AT APe AR Aol

wowe] el WE AAdis T WAS A 4 oY 4 FeEE b ¢ gonm 54 A
52 mwel dAsla B WA m 0 A ddaaa @k e o B wwel sde] e
A g 54 A FGelel disl @RS Aol oluw, B wEel A4 B 7% Wl Tau: BE W
B, #EE A QAR T3 3

2 oA A golt BN SAF AAdE 9els] 916 488 Ao, B uye ddse: o=
b ootk @l EAES Bug guel ched e gt @, 2o BAS EFBT. B PAAA,
EFHT UG 5o goli AAE B4, 54, WA, B4, THSE, YEF E: ol5S 23
Aol EAFL At RAolA, st w1 olge tE BN} 24, WA, B2, PALE, PEE
Hi o5 2YF 0] B4 i ¥ A5AS v WA @ glow ofsHojol g}

A 671 FadAH(E, GG FE M o Avh. AR V19 ol Hd e, CHy), M= (Et, -CHCHy),
=228 (nPr, n-Z2™, -CHCHLCH), 2-Z2AG-Pr, i-Z=2™d, -CH(CH),), 1-¥E(Bu, n-%d,
~CHoCHCHCHy) , 2-WE-1-Z 2 (i-Bu, i-%9, -CHCH(CHy),), 2-F9(s-Bu, s—F9, -CH(CH)CHCHy), 2-7€-
2-Z R (t-Bu, t-%9, C(CH)y), 1AL (-0, -CHCHLCHCHLCH;), 2-E (-CH(CH;)CHLCHCH;),  3-HE (-
CH(CH,CH3)») , 2241 (-C(CH;).CH:CH;) , 3-m e -2- - (~CH(CH;)CH(CH3)) , S-mE-1-H-d(
CH,CH,CH(CHy ), 2-71E-1-%-9 (~CH,CH(CHy) CHoCH; ) , - 1~} (~CH,CH.CHLCHoCHoCH; ) , - 2~ 34 (~CH(CH; ) CHCHACHoCH; ),
3~ 2 (~CH(CHoCHz) (CH;CHoCH) ) , - 271 =21 (~C(CHz):CHoCHoCH; ), 3-8 ~2- 3 & (~CH(CH; ) CH(CHy ) CHoCHg ), 4-¥
&2 (~CH(CHz)CH,CH(CHy)») , 3-v1E-3-1" (~C(CHy) (CHCHy)2), 2-vl -3 (~CH(CH,CH;)CH(CHy)>), 2,3-1]
ol e -2- 31 (-C(CHy).CH(CHy ), 3, 3-F] vl d-2-3 = (-CH(CH;)C(Cly )5, RS- (=(CH)-Cl) & EFFEAIRE, o]l 3

BEA = F=t.

~~

"AEAINE o] e 4V AbAh AAE BEke B OSHgEd R3] e e -0-4AS

oujgity, A=A 719 47 RELS 1 A 20709 @ALR(F, C-Chp EFAD, 1 WA 12709 @292 (S,
CiCip &FAD, T 1 WA 6719 BA294(F, GG &FADE 7F & vk, Age 541719 o= w5
(-0-CH; ®=&= -OMe), I5AI(-0CHCH; B+ -OEt), t-F5A(-0-C(CHy); B -0-tBu) &= XA, o] &
AHA = e

"SR ol Ao dTe A AR F sk o]4to] A dAAE XFE otk TR AT
o &7 RES 1 WA 20708 §29RHF, CCp TELZA), 1 WA 12709 dA29A(F, Cp T2L),
EE= 1 WA 679 SARYA(E, -G ¢H)E 7H 5 dnk. Afe 24779 o= -(F;, -CHF,, —CFH.,

—CH,CF3 52 XE3FiARE, o]o A H A= =t

ek 2] Alage] dd vAadAZRE e A YA AAFE fREE WEE vaaaa

6 W= 20709 e-A2U2F, 6 WA 14719 eBA9x;, == 6 UA 1270
71, dA(dE B4, dd), xsE A, Jzgd ke,
galx gk, ol TAHEA = =

1. § -

nob g g o)abe] B¥st 9, F wa-wha, sp o]F AFS b= wu 27, 3T EE Alo]Ze B
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AQAE ZHe galpaolt. dF EW, AIVE 2 WA 20719 BAYA(S, CCyp E7E), 2 WA 12719
, G Cpp &AId), = 2 WH 6719 BAYRN(F, GG EAIDE 7HE 4 k. s dAd
719l o= dEdl  EE Ad(-CH=CHy), <A (-CHCH=CH,), AlolZ2HEd(-CH,), = 5-FAL(-

, olel FAEA = &=

B gla)

N

[}
&
[}
]
[\)
[}
=
[\]
[}
jo ]
[\]
[}
,’I:
(')
j ]
[\}
N—
o
e
oot
ol'
-
X
(2

"R Sh o] wES g, S ¢
AT 2E weeoln. AF BW, @9 71 2 UK 2079 SRS, GOy &
BAQRHE, 0Cy W), B 2 UA 609 BaAR(E, 00 WIDE AL S Ak A%E W1

719] o= obEAY(-C=H), T2HA(-CHC=H) & ZIeAT, ol FAHA= &=

rolgerl e Bada, BAHOR Y Eb o gaddel 238 Ul 52 977} ok duue Aaw
g A, - dolw-1-9, WEgeg, 2-xy

& EFSAW, oo FRHAE gl ofPAAIE 6 ]

A o) BARAE ERHT ok A7 6 A 1l @

"FEl A" Sfu o] ©AAE 0, N = S8} 2 SEHE dxE AfHo Sl= SAVIE AT
dE 59, = 2l FaEe] gle 479 @adAt dHE dx(dE 59, 0, N B §)E A%HE 7
$, AdEe deRdAv= 47 454 7l(dE 59, -0CH; §), oFul(elE E¥, -NHCH;, -N(CH), &), %

s EW, -SCHyolth. X &Apel] F-2wjo] QA & 47]e] nH(h)-2d g@adxr) e
Al E 59, 0, N B = A¥= A, A4E] dueddr)= 242 42 oE(E 59, -CHCHy-
0-CH; &), &4 ofvi(eE 59, -CHNHCH;, -CHN(CHy), &), =5 EeZ oH (& &, -CH,-S-CHy) o]t}

2} el HZ Ax (S €W, 0, N B+ 92 A3HE= 4%, 29EQ duzddr= 74
7z} slo|l=EA LAY (dE 5, -CHCH,-0H), o}uliog@ﬂ(oq]—é 51, CHNHy), = GAEL7)(dE =

~CH,CH,—SH) ©] AEELAE o SW, 1 UX 20709 B8429xF, 1 UlA 10709 e4A9x, wE= 1 A 6
MY BAaQAE 71 = k. -G AU ELAr7|E= 1 WA 6709 e8AdAE zte EHaddr]E o g},

kﬂ,
r
)

"FE APl E" Ei= "EHEA]S”"O)RE Sol ¥3 g, FEAHR = a

uE (5, dHEREds uehE FAY. AdE dEHRAlEE g 59, 7tRd V1S vxE, 999 =
71% AgE sEHzAelEY adE EgsitH, ezl di=, vEd, ystelmryed, HEgso
zygdHed), EokEd, HEZS|=EREHeAd, & *Pﬁ} EﬂEE}o}OlCiE]OJﬂ‘é vgviyd,
Febd, Held, d=9, dAdEd, onuEd, HEOSE, HxFed, Heluzgd, dEd, s,
FAmdd, olaFEdd, WzomuaEd, vHeud, 4-vdgrd, JEdud, 2—4%F4+%, JEed, H
EgtstolErsetd, HEHSo|ERmed, HEHSo|ERo|aTmdd, drlstel=Rdmdd, SEetol=
zol2Fmdld, okxAld, Elokxd, 6H-1,2,5-Folrjokxd, 2H,6H-1,5,2-tE|olAd, Elod, EJtERY,
vigbd, olaulzstebd, Amvid, Hd, dwiEd, 21-vEY, oliElolEd, o|HAEHY, IHAd, I
guAd, JdegAd, olidEd, SH-EH, WH-duEd(indazoly), FFeld, 4i-F=eAd, ZeeiAd,
vzEud, #Axded, AvEad, Alsgd, YUY, 7S, ks, B-rkedd, AdEL
gd, otmddd, dguyd, dAdESYd, dAuAd, dxElobxd, FFebAbd, FsmARAE, olidmvd,
Azvpd, ojvugEgyd, oviuEeld, dEeud, dAgSed, dAuHHAd, dEd, olajlEdd,
FeEHUd, 2E3Yd, SAEYYd, dxEdelEd, Wlzo|SAEY, SAEY, WESAEEd, oAtE =Y
2 Hla-HEdefe| R etd T8 EskANE, old AHAE 4=

il

vdlel ol e el el skt o]l 11i%ﬂ%»&5-%%i AelzAtol28e AGdr. BFE meof
£ o AR AEmae) MARA o Ak, ¥ % A4s TFeT. duzold nele] mAw
HQl e sevd, 18, i}ga,L%@ oxoEY, Feld, Fehd, Held, MzFdd, W
g, ThEd, ovgEd, EelEd, ol&aEd, MeEd, olaFelEd, Awd, oiAEd, dedd, I
GUlE, Sebd 58 HEste], reE Aol e dolo] dd nE A5S Ed0n

el zolRela e, i 947t Belol Aold slElzeld J2 ABY, ¥ oW s g AU/ S
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[0083]

[0084]

[0085]

[0086]

[0087]
[0088]

[0089]
[0090]

[0091]
[0092]

[0093]

ZIHSd 10-2017-0080190

A, aHzord o] HARHS d= -(-veud, -t-vEd, (-5AEE, -(H-9E™, (-
ojxdlEd, CH-Fad, -CH-etd, -CH-Eold, -CH-wlxFebd, -CH-#xeesld, -CH-7MtEd,
-CH-olmtEd, -CH-HolEd, -Ch-ol$AEd, —(h-datEd, -Ch-olA&volEd, (h-F&=d, -Ch-ol&
A=d, (H-Hgvhd, -CH-3gnd, -CH-¥2d, -CH(CH)-F2lvld, -CH(CH)- &, -CH(CH)-SAHEHE,
-CH(CHy)-?1=4, -CH(CHy)-ol4Q1=d, —CH(CHy)-reld, —CH(CHs)-rehd, -CH(CHs)-¥loll'd, -CH(CHs)-¥Z%=3F
gd, -CH(CH)-AxE e#d, -CH(CH;)-7MtEd, -CH(CHy)-olmth&4, -CH(CHs)-BlotE4, —-CH(CHy)-ol&AME
4, -CH(CHy)-¥e+&d, -CH(CHy)-olAaHolEd, -CH(CHy)-FA=Z, -CH(CHy)-olAF =4, -CH(CHy)-H=thd,
-CH(CHy)-# 2 md, -CH(CHy)-¥2}d & XEgHstrt.

=]
=4

2
=4

o)

i)

27 Foll #sto] "AE ol §of, dF B9, "A%E 4A" T 4 s ol el Fa At A7 =
dHow nEhFa AR AgE D, 5L ovdg. 4829 A7)E X, R, -0, =0, -0R, -SR,
S, -NR;, -NRs, =NR, -CXs, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,, =N,, -Ns, -NHC(=0)R, -C(=O)R,
-C(=0NRR -S(=0),0 , -S(=0).0H, -S(=0)R, -0S(=0),0R, -S(=0):NR, -S(=0)R, -OP(=0)(OR)>, -N(=0)(OR):,

-N(=0)(0 )5, -N(=0)(0H),, -N(0)(OR)(0), -C(=0)R, -C(=0)X, -C(S)R, -C(0)OR, -C(0)0, -C(0)0, -C(0)SR,

-C(S)SR, -C(O)NRR, -C(S)NRR, -C(=NR)NRR(®{7]A, Z} X& EHxo g &=z F, Cl, Br, =& [o|x, R& =
HHoZ H, &7, ofd, olddH, sHEAlo|E, EE HIV|Y ATdE F2d)S XT3, o] g

2 e mE slr] g8k 302 RAIHE 8Y dEE e FE Ax WY, 7] s 12 gAEHE
1,5-8=2H(1,5-dipole); 2 371 g4 22 FAHE g rvolFolA|Ext(enol diazoacetate) S &4 i
At WHEAI7IE GAE E3et, dad wet a2 98 ¥AS ol 2§+ Ut

[3Fsh4] 1]

R1:_\®/

AT, old,
ol
15 -
1
&7 1,5 Al A il il g g
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[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

3IHSd 10-2017-0080190

T, Re A% B BASE 47, AF Ee HX g o], A e HAEE AT, AS £

HiA g A7), A Es vRgE 47)d7], A9 e vk oY), A9 e v g HEHE

A7), A = N AZE SEHRA|ZY], A = ARk SEH 2ot Y], B A9k s v ek &)
! A

udh wgaAE, 42 R O3 R 47 Sedes A8 mh wAad dd], gad 1 ux 59 247 E
it

Zg71d § 9dal, RE 559, Ph, (4-0Me)Celly B 4-CFs(CH) Y = Avk. ®=ek, moh v s,

x|

= R 3 ST ES RIS R  gs e . . -
E3], A7 1,5-FA= R, R 2 RE X3t IgyE SHA o] (pyridinium zwitterions) T N-%

2
gd7] A&e gelgys 94 o] 2(N-sulfonyl-pyridinium zwitterions) 33EY 4 AT},

Ee, B odye] M2 89 wel e AzgddAtR 2 R'E T 7] AL tolxopEste] dy
ol Susl ATWA B3, $5F FER 89 1Y HATS AT 5 Ak

w3, A7l wkgd FelEE w5 Fvle, HE[EFa,a,a” o’ —HESHE-L3-HAIT I 292
A (Bis[rhodium( a, a, a’ , @’ -tetramethyl-1,3-benzenedipropionic acid)], [Rh.(esp).]), ZEI|EHolE
tlo]l ™ (Rhodium(II)pivalate dimer, [Rho(OPiv)]), EIEZI)A[(S)-(+)-(1-o}cbatel)-(N-Zeke|u] =)ol A ek
EJYRF(11)(Tetrakis[(S)-(+)-(1-adamantyl)-(N-phthalimido)acetato]dirhodium(II), [Rhy(S-PTAD)) 1),
HEZGI|A[(S)-N-ZE2ddg g o] E]t] 2 F(11)(Tetrakis[ (S)-N-phthaloylvalidate]dirhodium(II),  [Rhy(S-
PTV),]) =¥ UYURF(IDEFHAE2N-ZE2U-(S)-HE-FAUo|E)(dirhodium(I11)tris(N-phthaloyl-(S)-tert-

leucinate), [Rhy(S-PTTL),1)E AH&3t= Zlo] npsk=lsrt.

S, 7] e BB gl EA solA AAshs dle] miwAdu, 4] B84 Sule] FRE AV W
o WAL BANA ANSA e oW 59 ABHA Fom, dF S, EREE

[e) A=

- = :

o] WF wslraF; UIFRERAE, YIEIe, FEEIXE, Adstes 5o dE5 w
odol=, tsak, HES| =R, 1, 2-HulEA e Tof 4 B 4 oHER . ol EAE, ofAl

EARY 5o ol 2EER WEe, ol Fo| AmEF oAE, Mol AYUAE, AFRE Fo A
EF i NN-UME RS = N N-Tr "ol Eotr] =, 1 3-tld-2-olvthEel s, N-vlE-2-v]EelE S

0 =

IR MEUEY 59 UELR; UiEMEAS 52 uRoR mt EFHA AST F ov, B
o wgAeAE n2eed, 2zade B 5248 A48 + o

z
olo
flo
o
=
>
D
S
@]
=2
B
SN
=
N
—
™o
>
(L
offt

o
0,
{22
>
ol
ol
2
0%
N
Auj
ox,
Sh
o
+
e
=
AC)
ot
e}
N

1 2 ;
= o] v stel, wgenst 4l AT welhd, 8¢ sz wel ShHEel Sl §Ad Weld
]

_15_



[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

ZIHSd 10-2017-0080190

718k 8 slEl® e 3HekE(3a) AACA, A WA 38, FE-7t= W (netal-carbene) R HI A 9
(vinylogous positions) Afololl Z1Hdx}2 Hk-&-Y-(electrophilic reaction sites)S 7 & ZH(II) Zujol
3 FEE A& volxolMEACZRE S HA Ayt AAHEY. aEa, RHE(D) F9e] HdSHA 9
(vinylogous positions)ollAl &AW s} whgo wat 1,5-852 FFA ol&(la)e] A %7—%‘5’}
(nucleophilic attack)o] OEE]°1 8¢ slel= gl ssbE(3a)e] A=W, oo o3, 8¢ deHl= e 3}
B2(12,52)-ME-5-((E-F-E g2 2) S A))-1,10-1 3 d-3-E2 -4, 6a-] o] = 2-3H-3] ] %[ 1, 2-
][1,4]34010}3341—6—7P215%éﬂ o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3
tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}7} }ﬁ}éﬁif?.

m?fjo[oﬁjgﬁ

webd, ob ARAE AWE B el me el Mz e HHEe AxPEe, ZE S SAslA,
15854 9 g totzolAEate] wgstel [543] s A7k WS Fol 89 2 3¢ HFEL A=
S ez, AsAdl ARG, A8AL ek 2o 84 Az 1Y AYE FEAS AL

A
o

o
fu
QL

Ir
oo
-,
k)

T, 2 22 g 3or gAEE SEERA, 7] e F ol sk < AS

=
NN
_‘\OLI
[\j‘
Ir
=
)
rid
[

EE E n A dHzdAs], AR EE nARn e 3
a5 sﬂﬁﬂzo}aﬂ, W g w wAaE deelasld Aol ks

EE, RE A% wE vARE 907, A% wE wARE ok, A% £x nAgE d=AY], A E
A 2Ad], A9 EE uAgE 297, A e ARE ojgadr], A% w v dH=
7], Ak Er MASE A zAol2Y], A e WARN oDy, wE A% Ex AASE He
Zolge71el Ae] whgrasht

a3, RE A e vXgE ddrlelndl Zleo] wtgAsti, RE AddaH2r]9 Re] wgHsie, R
B4 7F 1 WA 8¢l &4 7|el Aol upghA s},

T3, A7) 89 ez 1E FgEe a7 IFTE F o A &

1) (12,52)-WE-5-(( E-REOwgAad )2 A])-1,10-t] H d-3-E A4, 6a-t] 5}o] = 2 -30-] 2] £ [ 1,2~

dl[1,4]t)olxA-6-7F 2B A H o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-tosyl-
4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

2)  (1Z,52)-"E-5-((H E-FEoued=d) S A)-1-3Hd-10-(p-E % )-3-E2-4,6a-t] s}o| = 2-30-7] 2| = [ 1, 2-
d][1,4]o}2A-6-72 52 g 0] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(p-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

3) (1Z,52)-vE-5-((H E-FEoue A=) S A)-10-(4-d FE A H ) -1-81 d-3-EA -4, 6a-U] 5} o] = 2-3l-F 2| =
[1,2-d][1,4]5)o}FAl-6-7t 28 A o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
methoxyphenyl )-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

4) (1Z,52)-wE-10-(4- (5 E-F &) i d)-5-((H E-FE e A L) & A )-1-9d-3-E4 -4, 6a-T] s} =2~
SH-¥ 2= [1,2-d][1,4]t) o}z 41-6-7F2E- A g o] E{(1Z,5Z)-methyl1-10-(4-(tert-butyl )phenyl )-5-((tert—
butyldimethylsilyl)oxy)-1-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

5) (12,52)-"9-5-((HE-FEUWE A -E) SA])-10-(4-FF 2 29 D) -1-9 d-3-E A -4, 6a-T] 3} o] = 2 -3H-7] 7]
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[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

SIHS31 10-2017-0080190

=[1,2-d][1,4]9)o}2A-6-72 5 | o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
fluorophenyl)—1—pheny1—3—tosy1—4,6a—dihydro—3H—pyrido[1,2—d][1,4]diazocine—6—carboxylate}

6) OZ&)ﬂg5(@LATaﬂﬂ%@%}gﬂ%m%&aiiﬂﬂ%kﬂé%%%wﬂ6wﬂﬂﬂciﬁﬂﬂﬂ5
[1,2-d][1,4]t)o}2A1-6-7I 25 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
chlorophenyl)—1—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate}

7) GZ%)ﬂg‘m(4@ﬂgﬂé)5«H#mrEQﬂQQQV“DﬂﬂM¥&E”46$Qﬂﬂ5i%WﬂﬂE
[1,2-d][1,4]t)o}FA-6-7tE2E- 2 o] E{(1Z,5Z)-methyl-10-(4-acetylphenyl)-5-((tert-
butyldlmethy151lyl)oxy)—l—phenyl—S—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate}

8) (1Z,57)- UﬂFJ -5-((HE-REuda A a) &) -1-84-10-(n-5 2 )-3-E -4, 6a-1] 3} o| = 2-30-3] &) = [ 1, 2-
[1,4]t)o}x2A-6-7t2 8 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(m-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyrido[l,Z—d][1,4]diazocine—6—carboxylate}

9) UZM)ﬂ95(@LATEQﬂ%§%}gM)N(3ﬂEM]%)lﬂEiSEN46aq4ﬂci3H4ﬂc
[1,2-d][1,4]t]o}xAl-6-7}2E- 2 g o] E {(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(3-
methoxyphenyl)—1—pheny1—3—tosy1—4,6a—dihydro—3H—pyrid0[1,2—d][1,4]diazocine—6—carboxylate}

10)  (1Z, 5z) UﬂE‘ -5-((HE-REru e dd)SA)-10- (G2 g dl-2-)-1-# d-3-E A4, 6a-T] 3o == -3H-7] g
=[1,2-d][1,4]5)o}2A-6-7t 25 A d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(naphthalen-
2—y1)—1—pheny1—3-tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate}

11) (1Z,52)-He-5-((HE-FEuyeAdd)$A)-9-1e-1,10-tHd-3-E2 -4, 6a-t]s}lo]| = 2-30-9 & = [ 1,2~
d][1,4]t)ot2A1-6-7F2 52 d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-9-methyl-1,10-
diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

12) (1Z,52)-HE-5-((HE-FEgyedd ) S A ) -8-He-1,10-tH d-3-E2 -4, 6a-t]s}o]| = 2-30-9 & = [ 1,2~
d][1,4]5)ot2A1-6-7F2 52 d o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-8-methyl-1,10-
diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

13) (1Z,52)-"E-5-((HE-FauHe A=) EA)-10-#Hd-1-(p-E2)-3-E2-4,6a-t]s}lo| = 2-30-9 & = [ 1,2~
d][1,4]t)e}zA1-6-7F 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(p-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

14) (1Z,52)-"E-5-((HE-FauweAda) S A)-1-(4-HEA #Hd)-10-# d-3-E 2 -4, 6a-U 5}o| = 2-31-3] 2] =
[1,2-d][1,4]t)o}2A1-6-7I 25 o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
methoxyphenyl )-10-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

15) (12,52)—‘71]5]—5—((135 FEAOWEA)SA)-10-Ad-3-EX-1-(4~(ETEF 22 E)Fd)-4,6a-t 30| =
2-3H-9 8 = [1,2-d][1,4] ] o}2A-6-7F2 5 A g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-
pheny1—3—t0sy1—l—(4—(tr1fluoromethyl)phenyl)—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—

carboxylate}

16) (17, 5z)—ﬂ19—1—(4—p_§ﬂﬁﬂé)—5—((€15 FeEgugaa)SA)-10-3d-3-E4-4, 6a-t] 3lo] = Z-30-3] 2] =
[1,2-d][1,4]t)o}x41-6-7} 282 20| E{(1Z,5Z)-methyl-1-(4-bromopheny! )-5-((tert-
butyldlmethylsl1y1)oxy)—lO—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azocine—6—carb0xy1ate}

17) (1Z,52)-"g-5-((H E-FEuu e A 2) & A )-1-(4-FF 229 4)-10-9d-3-E 2 -4, 6a-1] 5} o] = 2 -3H-T] ]
%[1,2-d][1,4]otRA-6-FI2EA Y o] E{(1Z,5Z)-methy1-5-((tert-butyldimethylsilyl)oxy)-1-(4-
fluoropheny! )-10-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}
18) (1Z,52)-"E-5-((HE-Faure A=) S A)-10-#Hd-1-(n-E2)-3-E2-4,6a-t3s}lo| = 2-30-9 & Z[ 1,2~
d][1,4]t)e}zA1-6-7t 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(m-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}
W)ﬂZW%ﬂH%%@EE¥%ﬂﬂ%§%F”U1(&* F9 23d)-10-9d-3-EA-4,6a-t] 3} 0| = 2-3H-7] ]
%=[1,2-d][1,4]5)o}2A-6-7t2 & A # o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(3-
fluorophenyl)—10—pheny1—3—tosyl—4,6a—dihydro—3H—pyrido[l,Z—d][1,4]diazocine—6—carboxylate}
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[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]
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20) (12,57)-Me-5-((H E-FErud 2 H) S A])-1,10-t ¥ d-3- (sl d = £ )-4,6a-t]slo| = 2-30-¥] 2] =
[1,2-d][1,4]5)o}FA-6-7F 2B A o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3
(phenylsulfonyl)-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate}

21 (17, 5z>—uﬂ‘a—5—((E1 FAOuedZ) SAD-3-(4-HEAH D) &2 d)-1,10-t] 3 'd-4,6a-t] 5}o] = =2 -3~
g %2[1,2-d][1,4]5)o}xA-6-7F 222 glo] E{(1Z,57)-methy1-5-((tert-butyldimethylsilyl)oxy)-3-((4-
methoxyphenyl )su fony )—1,10—dipheny1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxy ate}

22) (1z,5z>—uﬂ'a—5—((EiE—$—'aE1 HEdH)SA)-1,10-H 3 E-3-(4-(Eg EF e =me)dd) =X d)-4,6a-T]
stol = 2-31-9 2 %= [1,2-d][1,4] ] o}2 A -6-7h2 82 2 o] E{(1Z,57)-methy1-5-((tert-
butyldimethylsilyl)oxy)-1, 10 dlpheny -3-((4-(trifluoromethyl)phenyl)sulfonyl)-4,6a-dihydro-3H-
yr1do[1,2—d][1,4]d1azoc1ne—6—carboxy ate}.

o, B WMHE ANE Fol % A8 AYHES @rh. A AN R AP B wge] FAH
QA olnf, B we] WMeE AR A AL ok,

AX o 1-1 WA AAd 111 ¢ g 22 89 17 BgEY AZ

71 & 10] ®AE ek gol, ThE FH9 1,547 $54 ol 2(0.2 mol), ZEUID F(2.0 nolh),

Qul(1.0mL) 2 &% Z70 T, 25 T 2 60 CT)olA [65+3] mE3F H7} 8-S G55+o] 89 17 3IAE &
ZAE Az, HEd Fxo AE TolXolHNEAN3.0 GRS Z+E &ul sl AlEsglon, e

tjo} ol A EALLS tert-butyldime-thylsilyl(TBS) H.3Z7] X3H A& ClolXRolAEA T
Triisopropylsilyl(TIPS) ®R& 7] X3te AL T]o}l ol EALS HES AT, 3 Ao 1-99] whg &35
= A &S Z7HAT7] S8 SFA LA N.S)HE F7E JUMete g 35S
F1
=y Qg C|OIZOtH|EA X 2E(C) F+E8(%)
MAI0) 1-1  [Rh,(esp),] tBu/TIPS 12-DCE 25 5

MA0l1-2  [Rh,(esp),] Me/TIPS 12-DCE 25 10

AA0f 1-3 [Rh (esp),] tBu/TBS 12-DCE 25 40

AN 14 [Rhy(esp);] Me/TBS 1,2-DCE 25 39

MA0l1-5  [Rhy(S-PTTL)]  Me/TBS 12-DCE 25 22

MACl 16 [Rh,(S-PTV),] Me/TBS 12-DCE 25 30

MA0 17 [Rh,(OPiv),] Me/TBS 12-DCE 25 40

AA0] 1-8 [Rh (OPiv),] Me/TBS CH,Cl, 25 43

MAl0f 19 [Rh,(OPiv),] Me/TBS CH,Cl, 25 64

MAI0] 1-10 [Rh,(OPiv),] Me/TBS CH,Cl, 0 6

MAI0] 111 [Rhy(OPiv),] Me/TBS CH,ClL, 60 27

O~
%%’4716}011*1 EE‘rO]O = ffé*o‘gl aHg-o] FH|E /\]@T&Oﬂ G o), ZE FHulE Svld Este uke
& Tolzob A EAL 848 AldA] HZ(syringe pump)E 53
Itk RES EFES AR 4 o}
g EFES AgolE(celite) o] FHAIA oHE F, 10 mLo] EWlE 33] A
] e stell A AAsL, FFES A7) é*o“ﬂfﬂ ARvEIYY R
g 3RES Ay, |

1=}
B
sl BAEES] R &5 243t

ok
|u}
tlo
N
BN
ol
ol
341
i
oo
=)
=)
ol
=
Z
é
- r}oi
ET’
i,
=
}0

o 2
=]
o
Lo
o
=
:L

obgel, AAlel 1-o] whe el ola) Axd 1 SFBS Y AY x-H BAL AARon, B4R

2 % 0] e
© a0] G e} gol, 24 x-d B4 A%E B Axd 1@ SFEe 89 A 2 S92 Az
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[0143]

[0144]

[0145]

[0146]

[0147]
[0148]

[0149]

[0150]
[0151]

[0152]

ZIHSd 10-2017-0080190

AAld 2-1 WA 2-22 @ 1,582 SFA ol F7Y 84 T IFEY A=
theFst 79 1,5-%=2F $+&Al o] (0.1 mmol), [Rhy(OPiv),] (2.0 mol%), TlZF==Zw|e(CHCl,y, 1.0 mL)

R 2 2300A [5+3] aelst Hrb wbes Fste] 849 1 seE FRAE Alxskglar, 24 gvliel TBS
B57] AghE Qs HolxopMEAN(S.0 FR)& REeAIZT. ol =R, 89 gl shgh=e] AlxelM whE
s 77171 fsl AAlel 2-1 WA 2-3, AAlell 2-5, Ao 2-10 B AAe] 2-199] whg EFECl= 40 mg
of FHAMUA M.S)E F7F2 H7pshsla, dAld 1-13} 43 222 jhgg Fasto], dAjd 2-1 WA 2-
220] & 8¢ SEl® arg SES @212&1, ol= ZHztel

¥ 52 (CHBry) S A&k elezzgfo] A (integration)S &3l

1 3= & 5 2 = 6o UERAT.

1 1 (1Z 52)-WE-5-((HE-FEOuadd)$A1)-1,10-H 3 d-3-EA -4 6a-t]3to] = 2-31-9] 2] £ [ 1,2~
d][1,4]t)e}zA1-6-7F 252 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3-tosyl-
4,6a—dihydro—3H—pyr1d0[1,2—d][1,4]diazocine—6—carboxylate} (3a):

Pale yellow solid (64%); m.p. 159-161 °C; 'H NMR (400 MHz, CDClL;) &
7.74 (d, J= 8.1 Hz, 2H), 7.34 (d, J= 7.9 Hz, 2H), 7.04-6.96 (m, 6H), 6.82 (d,
J=6.9 Hz, 2H), 6.65 (d, J = 7.1 Hz, 2H), 6.16-6.13 (m, 1H), 6.03 (s, 1H),
5.55 (d, J=5.3 Hz, 1H), 4.94-4.84 (m, 2H), 4.52 (d, J= 17.6 Hz, 1H), 4.18
(d,J=5.0 Hz, 1H) 3.60(s, 3H), 2.47 (s, 3H), 0.95 (s, 9H), 0.25 (s, 3H), 0.23 (s, 3H); *C NMR (100 MHz,
CDCl;) 6 167.8, 148.9, 143.9. 141.6, 141.0, 138.3, 137.1. 134.8, 129.8, 127.7, 127.6, 127.5, 127.5, 127 .4,

127.3, 126.9, 124.7, 121.0, 113.6, 113.6, 107.7, 55.8, 52.3, 51.2, 25.6, 21.6, 18.1, -3.9, -4.0; IR (solid) v
3059, 2951, 2932, 2857, 1718, 1651, 1345, 1293, 1250, 1162, 1023 cm’'; HRMS (FAB) m/z caled. for
C37H43N>05SS1 [M+1]: 655.2662, found: 655.2665.

<HAAd 2-2>

(1z 52)-H&-5- ((EL FaoE ) $A)-1-9d-10-(p-5 ¥ )-3-E4-4,6a-t] 3| = 2-30-7] 2] = [ 1,2~
[1,4]t]o}Z2A-6-7t 2528 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(p-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxylate} (3b):

Pale yellow solid (63%); m.p. 162-164 °C; 'H NMR (400 MHz, CDCls) &
\,0TBS 7.73 (d.J = 8.3 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H). 7.07-6.08 (m, 3H), 6.79

(d, J = 8.0 Hz, 2H), 6.71 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 6.9 Hz, 2H),
3b,63%  615-6.11 (m, 1H), 6.05 (s, 1H), 5.52 (d, J = 5.4 Hz, 1H), 4.91-4.83 (m,
2H), 4.53 (dd, J = 17.6, 2.5 Hz, 1H), 4.13 (dd, J = 6.6, 2.1 Hz, 1H), 3.59 (s, 3H), 2.47 (s, 3H), 2.18 (s,
3H), 0.95 (s, 9H), 0.25 (s, 3H), 0.22 (s, 3H); °C NMR (100 MHz, CDCls) 5 167.8, 148.8, 143.9, 141.6,
141.0, 137.2, 137.1, 135.4, 134.7, 129.8, 128.2, 127.6, 127.6, 127.4, 127.2, 126.8, 124.8, 121.0, 113.7,
113.2,107.2,55.9, 52.2, 51.1, 25.6, 21.6, 21.0, 18.1, -3.9, -3.9; IR (solid) v 3038, 2950, 2931, 2857, 1720,
1653, 1345, 1294, 1251, 1161, 1020 cm™; HRMS (FAB) m/z caled. for CsHysN2OsSSi [M+1]: 669.2818,
found: 669.2816.

Ts

<A 2-3>

(1z 52)-mE-5-((H E-FR O A D) S A )-10-(4-H FA 9 )-1-9 d-3-E4-4, 6a-T] 5} o] = 2-3H-¥] 2] &=
1[1,4]0) 0}z A-6-7t 25 A g o] E{(1Z,5Z)-methy1-5-((tert-butyldimethylsilyl)oxy)-10-(4- methoxypheny )—
1—pheny1—3—tosy1—4,6a—dihydro—3H—pyrido[1,2—d][1,4]d1azoc1ne—6—carboxy ate} (3c):
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CO,Me Pale yellow solid (67%); m.p. 149-151 °C; "H NMR (400 MHz, CDCl;) &
N-OTBS 773 (d,J=8.2Hz 2H), 7.34 (d, J= 8.1 Hz, 2H), 7.07-6.99 (m, 3H), 6.76
(d, J = 8.7 Hz, 2H), 6.66 (d, J = 6.5 Hz, 2H), 6.51 (d, J = 8.8 Hz, 2H),
6.15-6.11 (m, 1H), 6.04 (s, 1H), 5.48 (d, J = 5.4 Hz, 1H), 4.90-4.83 (m,
2H), 4.51 (dd, J = 17.6, 2.5 Hz, 1H), 4.14 (dd, J = 6.5, 1.9 Hz, 1H), 3.68 (s, 3H). 3.60 (s, 3H), 2.46 (s,
3H), 0.95 (s, 9H), 0.25 (s, 3H), 0.23 (s, 3H); *C NMR (100 MHz, CDCl;) 5 167.8, 158.9, 148.8, 143.9,
1412, 141.0, 137.2, 134.7, 131.0, 129.8, 128.9, 127.7, 127.4, 127.2, 126.6, 124.9, 121.0, 113.7, 112.9,
106.6, 56.0, 51.1,52.1, 51.1, 25.6, 21.6, 18.1, -3.9, -4.0; IR (solid) v 3032, 2951, 2933, 2857, 1718, 1652,
1508, 1347, 1294, 1251, 1161, 1040 cm™; HRMS (FAB) m/z calcd. for C3sHysN2OgSSi [M+1]: 685.2768,
found: 685.2766.

MeO Ts 3c,67%

[0153]
[0154] <AA 2-4>

[0155] (12,52)-ME-10- (4~ (51_. FeEHHAd)-5-((HE-FEueAa)SA)-1-7d-3-E4 -4, 6a-T 3} o] =2 -3H-3] ]
=[1,2-d][1,4]5)o}2A-6-7t 25 @ o] E{(1Z,5Z)-methyl-10-(4-(tert-butyl)phenyl)-5-((tert—
butyldlmethylsl1y1)oxy)—l—phenyl—S—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate}
(3d):

CO.Me Pale yellow solid (58%); m.p. 136-138 °C; "H NMR (400 MHz, CDCL;) &
X -OTBS 7.74 (d, J=8.2 Hz, 2H). 7.34 (d, J = 8.0 Hz, 2H), 7.04-6.94 (m. 5H), 6.73
(d, J= 8.3 Hz, 2H), 6.60 (d, J= 7.1 Hz, 2H), 6.15-6.11 (m. 1H), 6.00 (s,
1H), 5.52 (d. J= 5.4 Hz. 1H). 4.91-4.83 (m, 2H), 4.54 (dd, J=17.6, 2.3
Hz, 1H). 4.15 (d, J= 6.8 Hz, 1H), 3.59 (s. 3H), 2.46 (s, 3H), 1.18 (s. 9H). 0.96 (s. 9H). 0.27 (s, 3H), 0.24
(s, 3H): C NMR (100 MHz, CDCly) 5 167.8, 150.4, 148.7, 143.8, 141.6, 141.2, 137.2, 135.5, 134.7,
1298, 1275, 127.4,127.3,127.2, 126.9, 124.8, 1243, 121.0, 113.4, 113.1, 1069, 55.7, 52.2, 51.1, 343,

31.0, 25.6, 21.6. 18.1. -3.8. -3.9: IR (solid) v 3044, 2952, 2931, 2857, 1723. 1650, 1348, 1300, 1251,
1161, 1020 em™; HRMS (FAB) m/z caled. for C4H5N,O5SSi [A~+1]: 711.3288, found: 711.3287.

tBui Ts  3d, 58%

[0156]
[0157] <A Ao 2-5>

[0158] (12,57)-FE-5-((H E-F L0 m g A 2) S A])-10-(4-ZF 2 23 d)-1-3d-3-E2 -4 6a-t &lo] = =2 -3H-3] 2] =
[1,2-d][1,4]t)o}2AI-6-7}2EA 8o E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
fluorophenyl)—1—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxy ate} (3e):

Pale yellow solid (62%): m.p. 159-161 °C; 'H NMR (400 MHz, CDCl;) &
\_ortBs 7.74 (d,J= 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.09-7.00 (m, 3H), 6.79-
6.76 (m, 2H), 6.69-6.63 (m, 4H), 6.15-6.12 (m, 1H), 6.03 (s, 1H), 5.50 (d,
3,82% j=5.4Hz 1H), 4.93 (t./="7.8 Hz, 1H), 4.86 (d, /= 17.7 Hz, 1H), 4.4 (d,
J=17.8 Hz, 1H), 420 (d, J= 5.0 Hz, 1H), 3.61 (s. 3H), 2.47 (s. 3H). 0.95 (s, 9H), 0.25-0.24 (m, 6H); °C
NMR (100 MHz, CDCls) 8 167.8, 163.2, 160.7, 148.9, 144.0, 140.8, 140.5, 137.0, 134.7, 134.5, 129.8,
129.4, 129.3, 127.8, 127.6, 127.2, 126.8, 124.6, 121.0, 114.6, 114.4, 113.9, 113.7, 107.5, 55.7, 52.3, 51.2,
25.6, 21.6, 18.1, -3.8, -4.0; IR (solid) v 3063, 2952, 2934, 2858, 1720, 1652, 1504, 1342, 1293, 1251,

[0159] 1162, 1021 em™; HRMS (FAB) m/z caled. for C57H,;,FN,O5SSi [M+1]: 673.2568, found: 673.2570.

[0160] <AA 4 2-6>

[0161] 6) (1Z,52)-M&-5- ((EL FEUHEAE)SA])-10-(4-F 22 5d)-1-9Hd-3-E4-4,6a-T] 3fo] E2-30-F| 2| &=
[1,2-d][1,4]t)e}2A1-6-7I 259 o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(4-
chlorophenyl)—1—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate} (3f):
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[0162]
[0163]

[0164]

[0165]
[0166]

[0167]

[0168]
[0169]

[0170]

Pale yellow solid (56%); m.p. 162-164 °C; '"H NMR (400 MHz, CDCls) &
\,_0TBS 7.73 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 7.9 Hz, 2H), 7.07-7.01 (m. 3H). 6.96

(d, J = 83 Hz, 2H), 6.75 (d, J = 8.2 Hz, 2H), 6.65 (d, J = 7.0 Hz, 2H),
3.56%  6.15-6.12 (m, 1H), 6.05 (s, 1H), 5.53 (d, J = 5.3 Hz, 1H), 4.95 (t, J = 7.8
Hz, 1H), 4.86 (d, J= 17.7 Hz, 1H), 4.43 (d, J= 17.8 Hz, 1H), 4.21 (d,J = 5.2 Hz, 1H), 3.60 (s, 3H), 2.47

(s, 3H). 0.95 (s, 9H), 0.24-0.23 (m, 6H); *C NMR (100 MHz, CDCls) 8 167.7, 149.0, 144.0, 140.7, 140.4,
136.9, 136.8, 134.7, 133.2, 129.8, 128.8, 127.8, 127.7, 127.2, 126.8, 124.5, 121.0, 114.0, 113.9, 107.9,
55.7,52.3,51.2,25.6,21.6, 18.1, -3.8, -4.0; IR (solid) v 3059, 2953, 2932, 2857, 1721, 1654, 1342, 1294,
1251, 1161, 1015 cm™; HRMS (FAB) m/z caled. for Cs;H4pCIN,OsSSi [M+1]: 689.2272, found:
689.2275.

<A 2-7>

ZIHSd 10-2017-0080190

(lZ 57)-wl€e-10- (4 oM EHd)-5-((HE-FE e A a)&A)-1-91d-3-EA -4, 6a-U s} =2-31-F 2| = [ 1,2
[1,4]0)0lz22-6-7F2 52 o] E{(1Z,5Z)-methyl-10~-(4-acetylphenyl)-5-((tert-butyldimethylsilyl)oxy)-
1—pheny1—3—t03y1—4,6a—d1hydro—3H—pyrido[l,2—d][1,4]diazocine—6—carb0xylate} (3g):

COMe Pale vellow 501i|d (71%): m.p. 107-109 °C: "H NMR (400 MHz. CDCL) &
7.74 (d, J= 8.2 Hz, 2H), 7.58 (d, /= 8.4 Hz, 2H), 7.35 (d, J= 8.0 Hz, 2H),
7.07-6.94 (m. 5H), 6.65 (d. J= 7.2 Hz, 2H). 6.19-6.15 (m, 1H). 6.05 (s,

Ts 3g,71%

o) 1H). 5.65 (d./=5.5Hz, 1H). 5.00 (t, J=7.8 Hz. 1H), 4.88 (d./=17.8 Hz.

1H), 4.47 (dd, J=17.8, 2.3 Hz. 1H), 4.26 (d. J= 6.5 Hz. 1H). 3.61 (s. 3H). 2.49 (s, 3H). 2.48 (s. 3H).
0.95 (s, 9H), 0.25 (s, 3H), 0.23 (s, 3H): *C NMR (100 MHz. CDCl3) 5 197.4, 167.7. 149.1, 144.0, 142.9,

140.7, 140.3, 136.6, 135.5, 134.6, 129.8, 127.8, 127.6, 1274, 127.2, 126.9, 1244, 1209, 115.0, 113.7,
109.0, 55.5,52.3, 51.2,26.5, 25.6, 21.6, 18.1, -3.9, -3.9; IR (solid) v 3056, 2949, 2931, 2857, 1731, 1717,

1682, 1347, 1296, 1252, 1161, 1017 em™; HRMS (FAB) m/z caled. for CsoH,sN,O¢SSi [M+1]: 6972768,
found: 697.2765.

<AA 9 2-8>

(1z 57)-"l"-5- ((EL SO e Ad)SA)-1-309d-10-(n-E2)-3-E4-4,6a-t] st =2-31-T] 2] = [1,2-
[1,4]t]o}ZA-6-7t 252 80| E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-phenyl-10-(m-tolyl)-

3—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate} (3h):

Pale yellow solid (63%): m.p. 158-160 °C: "H NMR (400 MHz. CDCl3) &
{_omBs 7.74 (d, J= 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.07-6.98 (m, 3H),

6.88-6.82 (m. 2H), 6.65-6.59 (m 4H), 6.15-6.11 (m, 1H), 6.03 (s, 1H),
3h,63% 5.51 (d, J= 54 Hz. 1H), 4.91-4.85 (m, 2H), 4.52 (dd, /= 17.6, 2.3 Hz,
1H), 4.12 (dd, J = 6.6. 1.9 Hz, 1H). 3.60 (s, 3H), 2.46 (s, 3H), 2.11 (s, 3H). 0.96 (s. 9H). 0.26 (s. 3H),

0.23 (s, 3H): "*C NMR (100 MHz, CDCl;) 5 167.8. 148.8, 143.8, 141.7, 141.1, 138.3, 137.1, 136.9, 134.7,

129.8, 128.6, 128.0, 127.6, 127.4, 127.3, 127.2, 126.9, 124.9, 124.6, 121.0, 113.4, 113.4, 107.5, 55.8,
2.3,51.1,25.6,21.6,21.1, 18.1,-3.9, -3.9; IR (solid) v 3042, 2951, 2932, 2857, 1720, 1651, 1346, 1293,
1250, 1162, 1023 em™: HRMS (FAB) mv/z caled. for C3gHysN>05SS1 [M+1]: 669.2818. found: 669.2820.

tn

<AA 9 2-9>

(lZ 57)-€-5- ((‘3__ FEOWE A ) S A])-10-(3-d EA HD)-1-Hd-3-E2 -4, 6a-T] s}o] =2-3H-T] 2] = [ 1,2
[1,4]t)o}xA-6-7t2E Aol E {(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(3-
methoxyphenyl)—1—pheny1—3—t05y1—4,6a—dihydro—3H—pyrid0[1,2—d][1,4]diazocine—6—carb0xylate} (31):
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Pale yellow solid (61%): m.p. 148-150 °C: 'H NMR (400 MHz. CDCl;) &
7.73 (d, J= 8.2 Hz, 2H), 7.34 (d, /= 8.0 Hz, 2H), 7.08-7.00 (m, 3H). 6.91
(t,J=7.9Hz, 1H), 6.67 (d. 7= 6.9 Hz, 2H), 6.57 (dd. J=8.1, 2.1 Hz. 1H),
Ts3.61% 645 (d,J=7.6 Hz, 1H), 6.28 (s. 1H), b.15-6.11 (m, 1H), 6.03 (s, LH), 5.54
(d,J=54Hz, 1H), 492 (t,J= 7.7 Hz, 1H), 4.85 (d, J=17.6 Hz, 1H), 451 (dd, J=17.6, 2.1 Hz, 1H),
4.17 (d. J=4.7 Hz, 1H), 3.60 (s, 3H), 3.58 (s, 3H), 2.46 (s. 3H), 0.95 (s, 9H). 0.26 (s. 3H), 0.23 (s, 3H);
C NMR (100 MHz, CDCl3) 5 167.8, 158.9, 148.9, 143.9. 141.5, 141.0, 139.8, 137.1. 134.8, 129.8, 1284,
127.7, 127.5, 1273, 127.0,.124.6, 121.0, 120.3, 113.7, 1136, 113.4,113.3; 107.7, 55.7, 55.0, 52.3,51.1,

25.6, 21.6, 18.1, -3.9, -4.0; IR (solid) v 3077, 2955, 2930, 2856, 1719, 1651, 1346, 1295, 1252, 1159,

[0171] 1053, 1014 em™; HRMS (EI) mv/z caled. for C3sHasN-0sSSi [Af+1]: 685.2768, found: 685.2771.

[0172] <AA o 2-10>

[0173] (lZ 57)-M€-5- ((E1_. FEOuE A ) S A])-10-(YZgd-2-)-1-9 d-3-E4 -4, 6a-t] 3}o]| = 2-30-F 2] = [ 1
[1,4]t]o}Z2A-6-7t 2852 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-(naphthalen-2-
yl)—1—pheny1—3—t05y1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate} (33):

cosMe Pale yellow solid (48%): m.p. 139-141 °C: "H NMR (400 MHz, CDCl) &
N-OTBS 775 (d, J= 8.1 Hz, 2H), 7.66-7.64 (m, 1H), 7.56-7.54 (m, 1H), 7.44 (d, J =
8.5 Hz. 1H), 7.38-7.30 (m. 5H). 6.99-6.89 (m. 4H). 6.63 (d. J= 7.2 Hz, 2H).
6.21-6.18 (m., 1H), 6.06 (s. 1H), 5.67 (d,J= 5.3 Hz, 1H). 4.98-4.91 (m, 2H).
4.65 (d, J=17.8 Hz. 1H). 4.21 (d. J= 5.4 Hz, 1H). 3.61 (s. 3H), 2.47 (s, 3H). 0.97 (s, 9H), 0.28 (s, 3H).
0.24 (s, 3H): *C NMR (100 MHz, CDCl3) & 167.8, 149.0. 143.9. 141.4, 141.1, 137.0. 135.8, 134.7. 132.5,
132.4, 129.8, 127.8, 127.7, 127.5, 127.3, 127.3, 127.1, 127.0, 126.7, 125.9, 125.4, 124.7, 121.1, 113.8,

Ts 3j, 48%

113.7, 108.3, 55.9, 52.4, 51.2, 25.6, 21.6. 18.1, -3.9; IR (solid) v 3055, 2951, 2931, 2857, 1717, 1647,
1346, 1300, 1253, 1160, 1020 cm™'; HRMS (FAB) m/z caled. for C4H,sN>05SSi [M-+1]: 705.2818. found:

[0174] '705.2821.
[0175] <AA]of 2-11>

[0176] (12,52)-We-5-((HE-FEougd A d ) S A])-9-ve-1,10-t | d-3-E2 -4, 6a-t]s}o] = 2-31-9] 2] ;= [ 1,2~
1[1,4])0}2A-6-7F 25 A g o] E{(1Z,52)-methy1-5-((tert-butyldimethylsilyl)oxy)-9-methyl-1, 10-
diphenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxy]l ate} (3k):

COMe Pale vellow solid (70%): n.p. 99-101 °C: "H NMR (400 MHz, CDCL3) § 7.71
OTBS (d. J=8.3 Hz, 2H), 7.32 (d, /= 8.1 Hz, 2H), 7.16-6.95 (m, 6H), 6.65 (d. J=
7.1 Hz, 2H). 6.45 (d, J= 7.0 Hz, 2H), 6.04 (d, J= 8.9 Hz, 1H). 5.89 (s. 1H).
5.07-5.03 (m. 1H), 4.75 (d, J=17.6 Hz. 1H). 4.32 (dd. J=17.6, 2.5 Hz. 1H).
4.09 (dd, J= 6.7, 2.1 Hz. 1H), 3.60 (s, 3H). 2.46 (s, 3H). 1.56 (s, 3H). 0.98 (s, 9H). 0.31-0.30 (m. 6H):
BCNMR (100 MHz, CDC1;) 6 167.8, 148.9, 143.8, 140.8, 137.7, 136.7, 135.6, 134.9. 1298, 129.7. 128 5,

3k, 70%

127.8, 127.5,127.2,126.9, 126.7, 120.9, 115.1, 114.6, 113.1, 54.8, 52.6, 51.0, 25.5,21.6, 18.1, 16.6, -3.7,
-3.8: IR (solid) v 3057, 2949, 2930, 2857, 1730, 1647, 1347, 1300, 1251, 1161, 1028 cm™'; HRMS (FAB)
[0177] m/z caled. for C3gHysN,058S1 [M+1]: 669.2818, found: 669.2815.

[0178] <AA 4 2-12>

[0179] (lZ 57)-vE-5- ((Hg SO AY) S A -8-wE-1,10-t]H d-3-E 4 -4, 6a-T] s}o] = 2-30-7] 2] =[1, 2~
[1,4]t]o}Z2A-6-7t2 5w o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-8-methyl-1, 10-
d1pheny1—3—tosy1—4,6a—dihydro—3H—pyrido[l,2—d][1,4]diazocine—6—carboxylate} (31):
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Pale yellow solid (70%); m.p. 168-170 °C; 'H NMR (400 MHz, CDCl;) &
7.74 (d. J= 8.2 Hz, 2H). 7.34 (d. J = 8.0 Hz, 2H). 7.04-6.95 (m. 6H). 6.83
(d, J= 6.8 Hz, 2H), 6.65 (d, J= 7.0 Hz, 2H), 6.02 (s, 1H), 5.43 (s. 1H), 4.86
(d, J=17.6 Hz. 1H), 4.63 (d, J= 6.4 Hz, 1H). 449 (d, J= 17.6 Hz, 1H),
4.06 (d. J=5.2 Hz, 1H). 3.59 (s, 3H). 2.47 (s. 3H), 1.83 (s, 3H). 0.95 (s, 9H), 0.25 (s, 3H), 0.22 (s, 3H):

BC NMR (100 MHz, CDCl;) 5 168.1. 148.2. 143.8. 141.1, 140.9, 1383, 137.2, 134.8. 133.3.129.8. 127.7.
127.6, 127.4, 127.4, 127.3, 127.3, 126.8, 121.6, 113.4, 110.6, 109.3, 56.2, 52.2, 51.1, 25.6, 21.6, 20.0,
18.1. -3.9. -3.9; TR (solid) v 3062, 2947, 2930, 2855, 1730, 1647, 1347, 1289, 1251, 1161, 1051 cm™;

[0180] HRMS (FAB) nv/z caled. for CasHasN>OsSSi [M+1]: 669.2818, found: 669.2819.

[0181] <A A4 2-13>

[0182] (12,52)-ME-5-((H E-FE a2 &)= A])-10-H d-1-(p-5 & )-3-EA-4,6a-t]slo] =2-30-F| 2| =[ 1,2~
d][1,4]t)o}2A1-6-7F2 52 d o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(p-tolyl)-
3-tosyl-4,6a-dihydro-3H-pyridol[1,2-d][1,4]diazocine-6-carboxylate} (3m):

Pale yellow solid (70%): m.p. 156-158 °C: 'H NMR (400 MHz, CDCL) 8

= COMe
Q—%OTES 7.73 (d, J=8.2 Hz, 2H). 7.33 (d, /= 8.0 Hz, 2H), 7.05-6.96 (m, 3H). 6.85-
PhH
/©)\ 6.79 (m, 4H). 6.54 (d, J = 8.0 Hz. 2H), 6.15-6.11 (m, 1H), 6.00 (s. 1H).
N 3m, 70%
Me Ts 5.54 (d. J = 5.4 Hz, 1H), 4.92-4.84 (mn, 2H), 4.51 (dd, J=17.7, 2.3 Hz,
1H), 4.14 (d, J=4.7 Hz, 1H), 3.59 (s, 3H), 2.46 (s, 3H). 2.19 (s, 3H), 0.95 (s, 9H), 0.25 (s, 3H), 0.23 (s,
3H); BC NMR (100 MHz, CDCL) 8 167.8, 148.9, 143.8, 141.6, 141.0, 138.4, 1374, 134.7, 1343, 129.7,
1283, 1276, 127.4,)127.3, 127.2, 126.7, 124.6; 121.0, 113:6; 113.0; 107.6; 55.7; 52.3,51.1; 25.6, 21.6,
21.0,18.1,-3.9 -3.9;: IR (solid) v 3048, 2951, 2931, 2856, 1716, 1646, 1343, 1297, 1251, 1161, 1024 cm™

[0183] 'L gRMS (EI) m/z caled. for C3sH4sN,05S8S1 [M+1]: 669.2818, found: 669.2816.

[0184] <AAld 2-14>

[0185] (12,52)-" e -5-((H E-F- g A &) A )-1-(4-#| FA 1 ) -10-# d-3-E 2 -4, 6a-T] slo] =2 -3H-3] 2| = [ 1,2
-d][1,4]t)o}xAl-6-7t2E- A g o] E{(1Z,57)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-methoxyphenyl)-
10-phenyl-3-tosyl-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxylate} (3n):

=~ coMe Pale yellow solid (56%): m.p. 99-101 °C; "H NMR (400 MHz. CDCL;) &
\ N\ -0TBS 7.74 (d, J = 8.2 Hz. 2H). 7.34 (d, J = 8.1 Hz, 2H). 7.05-6.98 (m, 3H),
N N 3n 56y, 0-85-6.83 (m. 2H). 6.55 (q. J = 8.6 Hz. 4H), 6.14-6.11 (m. 1H). 5.95 (s,
MeO Ts 1H). 5.54 (d. J = 5.4 Hz, 1H), 4.92-4.84 (m, 2H), 4.50(dd, /= 17.7. 2.3

Hz, 1H), 4.15 (dd. J= 6.5, 1.8 Hz, 1H), 3.69 (s, 3H), 3.59 (s, 3H), 2.46 (s, 3H), 0.95 (s, 9H), 0.25 (s, 3H),

Ph

0.23 (s, 3H); *C NMR (100 MHz, CDCls) 3 167.8, 159.2, 1489, 143 8, 141.6, 140.7, 1384, 134.7, 129 8,
128.1; 127.5; 127.3; 127.2, 124.6; 121.0, 113.7; 113.1; 112.2, 107.7; 55.6; 55.1, 524, 51.1, 25.6, 21.6,
18.1, -3.9. -3.9; IR (solid) v 3063, 2952, 2928, 2855, 1719, 1648, 1509, 1346, 1298, 1248, 1161, 1023

[0186] em™; HRMS (FAB) m/z caled. for C3HsN,OgSSi [M+1]: 685.2768. found: 685.2769.

[0187] <A A4 2-15>

[0188] (1Z,52)-We-5-((HE-FE g Add ) A])-10-H d-3-EA-1-4-(EF SF =W E)dd)-4,6a-t]5}o] ==~
SH-¥ 2] =[1,2-d][1,4]t)o}xA-6-7F 2B A H o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-
phenyl-3-tosyl-1-(4-(trifluoromethyl)phenyl)-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-
carboxylate} (30):
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Pale yellow solid (52%): m.p. 104-106 °C: "H NMR (400 MHz, CDCls) &
CO,Me

\ N\ oTBs 7.73 (d, J= 8.2 Hz, 2H), 7.35 (d, J= 8.0 Hz, 2H), 7.25 (d, J=7.7 Hz, 2H),

/E:{&N 20 525 7.06-6.97 (m, 3H). 6.80 (d. J = 7.1 Hz. 2H). 6.73 (d. J = 7.9 Hz, 2H),
FaC Ts B 6.18-6.14 (m. 1H), 6.09 (s, 1H), 5.58 (d. /=54 Hz, 1H), 4.96 (t. J=7.7
Hz, 1H). 4.86 (d. J=17.7 Hz, 1H), 4.53 (d, J=17.5 Hz, 1H), 4.19 (d, J= 5.1 Hz, 1H), 3.60 (s, 3H), 2.47
(s, 3H), 0.96 (s, 9H), 0.26 (s, 3H), 0.24 (s. 3H); B3C NMR (100 MHz, CDCly) 8 167.6, 1489, 144.2, 141.2,
140.6, 139.6, 138.0, 134.6, 129.9, 129.5, 129.2, 127.8, 127.7, 127.7, 127.2, 127.0, 125.3, 124.8, 124.7,

9)55.9.52.1,51.2, 25.6, 21.6, 18.1, -3.9, -4.0; IR (solid) v 3056,
2055, 2931, 2857, 1730, 1650, 1614, 1349, 1322, 1252, 1161, 1124, 1067, 1016 cm™; HRMS (EIL) n/z
caled. for C3gHapF3N,058Si [M+1]: 723.2536, found: 723.2533.

[0189]
[0190] <AA 4 2-16>

[0191] (1z 57)-Hlg-1- (4 BErHY)-5-((HE-FEuda )8 A])-10-H9-3-FE2-4,6a-t] 5lo] = 2 -3H-3] 2] = [ 1
[1,4]t]o}ZA-6-7t2 5 A g o] E{(1Z,5Z)-methyl-1-(4-bromophenyl )-5-((tert-butyldimethylsilyl)oxy)- 10—
phenyl—S—tosy1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carb0xylate} (3p):

=, CO,Me Pale vellow solid (62%): m.p. 106-108 °C: '"H NMR (400 MHz. CDCl;) &
PhQ_\}OTBS 7.73 (d.J =82 Hz. 2H). 7.34 (d,J=8.1 Hz, 2H), 7.12 (d. /= 8.4 Hz. 2H),

mN 3p.62% 7-07-6.99 (m, 3H), 6.83 (d, J= 6.6 Hz, 2H), 6.50 (d. J = 8.3 Hz, 2H),
Br Ts

6.15-6.12 (m, 1H), 6.02 (s, 1H), 5.57 (d. /=54 Hz, 1H), 4.93 (t, /= 7.7 Hz, 1H), 4.84 (d, J=17.7 Hz,

1H), 4.50 (dd, J =17.7, 2.1 Hz, 1H). 4.16 (d, J= 4.9 Hz, 1H). 3.59 (s, 3H), 2.47 (s, 3H), 0.95 (s, 9H),

0.25 (s, 3H), 0.23 (s, 3H); "C NMR (100 MHz, CDCl:) § 167.7, 148.9, 144.0, 141.3.139.9, 138.1, 1361,

134.7, 130:8,.129.9, 128 3, 127.7, 127.6,1272; 124.7, 121.6,.120.9, 114.0, 113:8, 107.9, 55.8,522,:51.2,

25.6, 21.6, 18.1, -39, -4.0; IR (solid) v 3044, 2948. 2929, 2857, 1724, 1649, 1348, 1295, 1250, 1161,
[0192] 1008 em™: HRMS (EI) m/z caled. for C37H,,BrN,OsSSi [M+1]: 733.1767, found: 733.1769.

[0193] <A A4 2-17>

[0194] (12,52)-Hg-5-((H E-REru g2 &) &) )-1-(4-ZF 2 2 9d)-10-7 d-3-EA-4, 6a-T] sto] = 2 -3H-7] 2] &=
[1,2-d][1,4]t)e}2A-6-7t2 5 o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(4-
fluorophenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxy ate} (3q):

COMe Pale yellow solid (43%); m.p. 156-158 °C; 'H NMR (400 MHz, CDCl3) &

|\, -OTBS 7.74 (d. J= 8.1 Hz. 2H), 7.35 (d. J= 8.0 Hz, 2H). 7.04-6.99 (m. 3H). 6.82 (d.
/6/&” sq 4% 7~ 6.6 Hz 2H), 6.69 (t. J = 8.6 Hz, 2H), 6.61-6.58 (m, 2H), 6.15-6.12 (m,
r Ts 1H), 5.98 (s, 1H), 5.56 (d J= 5.3 Hz, 1H), 4.93 (t, J= 7.7 Hz, 1H), 4.86 (d,
J=17.7 Hz, 1H), 4.50 (d, J=17.5 Hz, 1H), 4.19 (d, J= 5.1 Hz. 1H), 3.59 (s, 3H), 2.47 (s, 3H), 0.95 (s,
9H), 0.25 (s, 3H). 0.23 (s. 3H): 5g NMR (100 MHz. CDCl;) 8 167.7, 163.5. 161.0. 148.9, 144.0. 141.3
140.1, 138.3, 134.7, 133.2, 133.1, 129.8, 128.6, 128.5, 127.6, 127.5, 127.5, 127.2, 124.6, 120.9, 114.7,
114.5, 113.8, 113.2, 107.9, 55.6, 52.3. 51.1, 25.6, 21.6. 18.1, -3.9. -3.9: IR (solid) v 3065. 2950, 2932,
2857, 1718, 1651, 1508, 1345, 1295, 1251, 1161, 1024 cm™: HRMS (EI) m/z caled. for C37H:FN,O5SSi
[0195] [M+1]: 673.2568, found: 673.2570.
[0196] <A A4 2-18>
[0197] (1z 52)-wl"-5- ((EL FEyHEAE)SAD-10-9d-1-(n-EE)-3-E4-4,6a-t] 3}o] = =-30-7] 2] =[ 1, 2-

[1,4]0)olz2-6-7t2 852 g o] E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-10-phenyl-1-(m-tolyl)-
3—tosy1—4,6a—d1hydro—3H—pyrid0[1,2—d][1,4]diazocine—6—carb0xylate} (3r):
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= CO;Me Pale yellow solid (51%); m.p. 145-147 °C; 'H NMR (400 MHz, CDCl;) &
thﬁfoms 7.73 (d. J= 8.0 Hz, 2H). 7.33 (d. J = 7.9 Hz. 2H). 7.02-6.96 (m. 3H), 6.90-
Ny 3,51% 6.80 (. 4H), 6.47-6.44 (m. 2FD), 6.15-6.11 (m. 1T, 6.03 (s. 1), 5.53 (d, J=

L b 5.3 Hz. 1H), 4.92-4.84 (m, 210). 4.51 (d.J=17.2 Hz, 1H), 4.16 (d. J= 5.1 Hz.

1H), 3.59 (s, 3H), 2.46 (s, 3H), 2.11 (s, 3H), 0.95 (s, 9H), 0.25 (s. 3H), 0.23 (s, 3H); *C NMR (100 MHz,
CDCL;) 6 167.8 148.9, 143.8, 141.7, 141.1, 138.3, 137.2, 137.0, 134.8, 129.8, 128.2. 127.7. 127.6, 1275,
1274, 1272, 124.6, 124.0, 121.1, 113.5, 113.3, 107.5, 55.8, 52.3, 51.1, 25.6, 21.6, 21.1, 18.1, -3.9, -3.9;
TR (solid) v 3036, 2949, 2931, 2857, 1717, 1651, 1344, 1293, 1250, 1160, 1022 cm™; HRMS (EI) m/z
caled. for C3gHasN2OsSSi [M+1]: 669.2818, found: 669.2816.

<AA o 2-19>

(12,57)-FE-5-((H E-FErmga2) S A])-1-(3-ZF 2 23d)-10-3 d-3-EA -4 6a-t] &}o] = = -3H-3] 2] =
[1,2-d][1,4]t)e}2A-6-7t2 5 o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-1-(3-
fluorophenyl)—10—pheny1—3—tosy1—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—carboxy ate} (3s):

=, COMe Pale yellow solid (72%); m.p. 158-160 °C; 'H NMR (400 MHz, CDCL) &
I OTBS
@/&

N g
s 3s, 72%

F
7.74 (d, J= 8.2 Hz. 2H), 7.35 (d. /= 8.1 Hz, 2H), 7.07-6.92 (m. 4H), 6.86 (d, J= 6.8 Hz, 2H), 6.74 (td. J

=8.3, 1.9 Hz, 1H). 6.45 (d, J = 7.6 Hz, 1H), 6.35 (d, /= 9.8 Hz. 1H), 6.17-6.14 (m, 1H). 6.07 (s. 1H),
558 (d,J=54Hz 1H), 494 (d, J=7.7 Hz, 1H), 485 (d, J=17.7 Hz, 1H), 452 (dd. J=17.7, 2.1 Hz,
1H), 4.17 (d. J=4.8 Hz, 1H). 3.60 (s. 3H). 2.47 (s. 3H). 0.96 (s, 9H), 0.25 (s. 3H), 0.23 (s. 3H): "C NMR
(100 MHz, CDCls) 6 167.7, 163.5, 161.1, 148.8, 144.0, 141.2, 139.7, 139.4, 139.3, 138.0, 134.6, 129.8,
129.1, 129.1, 127.7, 127.6, 127.6, 127.2, 124.7, 122.4, 122.4, 120.9, 114.4, 114.2, 113.7, 113.6, 113.4,
107.8, 55.8,52.1, 51.1, 25.6, 21.6, 18.1, -3.9, -4.0; IR (solid) v 3063, 2950, 2932, 2857, 1720, 1651, 1346,
1293, 1250, 1162, 1023 em™: HRMS (FAB) nv/z caled. for Cs;H,,FN,0sSSi [M+1]: 673.2568. found:
673.2571.

<A Ao 2-20>

(12,52)-"E-5- (5 E-FE o e 2) & A))-1,10-H ¥ d-3-(d d &2 d )4, 6a-U] slo] = 2-30-T] 2] = [ 1,2~
1[1,4])0}2A-6-7t 25 g o] E{(1Z,52)-methy1-5-((tert-butyldimethylsilyl)oxy)-1,10-diphenyl-3
(phenylsulfonyl)-4,6a-dihydro-3H-pyrido[1,2-d][1,4]diazocine-6-carboxyl ate} (3t):

\\ COsMe Pale yellow solid (62%); m.p. 157-159 °C; 'H NMR (400 MHz, CDCL3) &

e 7.86 (d,J=7.4 Hz, 2H). 7.66-7.62 (m. 1H). 7.57-7.53 (m, 2H). 7.07-6.96 (mm,

Ny at,62% GH), 6.82 (d, J = 6.7 Hz. 2H), 6.65 (d. J = 7.0 Hz, 2H). 6.15-6.11 (m, 1H),
SO,Ph

6.06 (s. 1H), 5.55 (d. J = 5.4 Hz, 1H), 4.92-4.87 (m, 2H), 4.55 (d, /= 17.7,
2.3 Hz. 1H), 4.08 (d. J= 6.9 Hz, 1H), 3.59 (s. 3H). 0.96 (s. 9H). 0.26 (s. 3H), 0.23 (s, 3H); *C NMR (100
MHz, CDCls) & 167.7, 148.6, 141.5, 1412, 1383, 137.5. 137.0, 132.9, 129.3. 127.6, 127.5, 1275, 127 4,
1272, 126.8,124.7. 121.0, 113.6. 113.4, 107.7. 55.8, 52.3, 51.1, 25.6, 18.1, -3.9, -3.9; IR (solid) v 3056,
2944, 2933, 2857, 1731. 1653, 1347. 1288, 1248, 1163. 1024 cm?; HRMS (FAB) m/z caled. for
C3¢HN,05SSi [M+1]: 641.2505, found: 641.2508.

<AA]ef 2-21>

(17,5Z)-""-5- ((EL FeEOWeda)SA)-3-(4-FEAHL)EEL)-1,10-1 ¥ d-4, 6a-t] 5}o] = Z-31-3] ]
=[1,2-d][1,4]9)o}2A-6-7 25 A | o) E{(1Z,5Z)-methyl-5-((tert-butyldimethylsilyl)oxy)-3-((4-
methoxyphenyl)sulfonyl)—l,10—d1pheny1—4,6a—d1hydro—3H—pyr1d0[1,2—d][1,4]d1azoc1ne—6—carboxylate} (3u):
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\\ COMe Pale vellow solid (66%); m.p. 140-142 °C; 'H NMR (400 MHz, CDCL) &
h:
P’ N e OTES 7.79 (d, J= 8.9 Hz. 2H), 7.07-6.96 (m, 8H). 6.83 (d. /= 6.6 Hz, 2H), 6.65 (d.
wN J=6.9 Hz, 2H), 6.17-6.14 (m. 1H), 6.05 (s, 1H), 5.55 (d. J= 5.5 Hz, 1H),
S0x(4-OMe)CeHy
3u, 66% 497 (t.J=7.6Hz, 1H), 4.86 (d. /= 176‘HZ 1H), 4.54 (dd, /= 17.7, 2.5 Hz,
1H), 4.22 (dd. J= 6.6, 2.1 Hz, 1H). 3.90 (s, 3H), 3.60 (s, 3H), 0.96 (s, 9H). 0.25 (s, 3H), 0.23 (s. 3H); B¢
NMR (100 MHz, CDCls) 8 167.8, 163.2, 149.0. 141.6, 1409, 138.3, 137.1, 129.4, 127.7. 127.6, 127.5,
1274, 126.8, 1247, 121.0, 114.3, 113.8, 113.5, 107.6, 56.0, 55.7, 52.2, 51.1, 25.6, 18.1, -3.9, -3.9; IR.
(solid) v 3056, 2950, 2930, 2856, 1718, 1652, 1345, 1295, 1251, 1159, 1027 cm™; HRMS (FAB) m/z
caled. for C3;Hy3N»O6SS1 [M+1]: 671.2611. found: 671.2609.

<A A4 2-22>

(1Z,52)-"e-5-((5 E-FEOu g A=) S A])-1,10-UH d-3-((4-(EF EF L 2ve) Hd) & X d )-4,6a-T] 5]
CE2-30-72]=[1,2-d][1,4] o2 A-6-7t2 8 A g o] E{(1Z,5Z)-methy-5-((tert-butyldimethylsilyl)oxy)-
1,10-diphenyl1-3-((4-(trifluoromethyl)phenyl)sulfonyl )—4,6a—d1hydro—3H—pyr1do[1,2—d][1,4]d1azoc1ne—6—
carboxylate} (3v):

=,  COMe Pale yellow solid (66%); m.p. 147-149 °C; "H NMR (400 MHz, CDCL) &
PhMOT“ 7.98 (d. J=8.2 Hz 2H), 7.82 (d. J= 8.3 Hz. 2H). 7.09-6.97 (m. 6H),
Ny 6.80 (d. J=17.0 Hz. 2H). 6.67 (d. J= 7.1 Hz. 2H), 6.16-6.13 (m, 1H),

\502(“'“;’:2'1;/0 6.10 (s. LH). 5.56 (d. J=5.5 Hz, 1H), 4.90 (d. J= 17.6 Hz, 1H), 4.80 (¢, J
= 7.8 Hz. 1H), 4.61 (dd. J=17.6, 2.3 Hz, 1H), 3.90 (dd, /= 6.4. 1.7 Hz,
1H). 3.59 (s, 3H), 0.97 (s, 9H), 0.25 (s, 3H), 0.21 (s, 3H); C NMR (100 MHz, CDCl;) 5 167.3, 148.2,
141.8, 141.5, 140.8, 138.1, 136.7, 135.0, 134.6, 134.3, 134.0, 127.8, 127.8, 127.7, 127.5, 127.5. 1269,
126.4, 126.4, 125.0, 124.6. 121.9, 121.0, 112.9, 107.9, 56.3, 52.4, 511, 25.6, 18.1, -3.9, -4.0: IR (solid)
v 3060, 2949, 2931, 2857, 1719, 1650, 1401, 1351, 1321, 1294, 1249, 1167, 1132, 1061, 1022 em'’;
HRMS (FAB) m/z caled. for C3;HapF3sN,O5SS1 [M+1]: 709.2379, found: 709.2376.

AAd 3-1 WA 3-6 : 2F v € 2F v 712 A= A AGY kgl % 89 g FFES Al

Pl

L5454 454 o](0.1 mol), thFet Feje] ZF Su) == 2F S0 7Y (2.0 molw),

(1.0 mL) B 2% XA Hd aglst A7F v F =3t 849 18 3g=E FEx 1§ ﬂho}"i %

(0.5 mL)ol TBS R 7] X3l 3 &

Azsta A 1-13 %

89l 17 AEg Azs) -

=9 MR &5 47430, AAlel 3-1 U#] 3-6¢] @& 89 1 &9 A=AAES vepd 9323 o]
=

A A 7o) & (enantiomeric excess, ee)

2

E%%é@m&ﬁgA}§_1ﬂlﬂﬂ (integration)g =3 X

#Z 2
&L A C|OLZOIHEA  8X 2E(C) ee®%)
HAI03-1  [Rha(S-PTV)d] 47
AA0]3-2  iPr;[Rha(S-PTV)4] 62
AA0]3-3  [Rh(S-PTTL)4] Me/TBS s290 0 23
AA0[3-4  tBu;[Rh2(S-PTTL)4] 67
AAIG]3-5  [Rha(S-PTAD)4] 63
AAI0] 3-6  1-adamantyl;[Rhx(S-PTAD)4] 90
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=9
EH]
o ®]
= L EtsN = o dimerization Q
AcO™ O 8]
2 o

TpMo(CO), R*

TpMo(CO)2
R TMS\)L],OEt cat. TMSOTf

Z=0,NCbz R* = Me, Ph EtO

H2
R | oS OR*
L@ 5
N + 2

ZEH3
3a
[5+3] cycloaddition
Rh"
W \{‘za
e Lgaﬂl;:” LB
OSi
) N\, Ts
MEOZC v N COzMe
©Rh' .
~N—7 l], Si0” g "CO,Me
\ ©\_ ph " Rh"
. Z~ph %1&1
path ¢
\\Pa_"*/ e
N
Ph
A
I N Ph&NTSOTBS
@~ @
- P N [5+2] —
cycloaddition
~
Ph*,NTs o )@\ﬁNTs
1a
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AAl0 1-4

= OTBS 2.0 mal%

CO‘QME [ha{OPi\r)A]
CHaCl B
4AMS, 25°C N
3 Ts
CO,Me
- OTBS ¥ OTBS
3a, 64% Me 3b, 63%
CO,Me CO,Me
[ -0TBS OTBS
MeO Ts 3c,67% t-Bu Ts  2d, 589l
CO;Me
Xy, ~OTBS
Te  3f 56%
CO,Me
X[ -OTBS

3g, 71%lc

COaMe

MeO
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Ed6
N oTBS 2.0 mol%
& CO,Me [Rhy(OPiv)]
Ph N 5 i
N CH,CI
N. 2 2Cla
RZ ’%/ SOQRS i 25 oc

3t, 62%

3u, 66% Jv, 66%
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=97
B O
l OF> N
PR NT Ra//L
H
N.
Ph)\/ Ts 1a 0" ™0
|~ 1 -~
OTBS ~Rh—RA Ph&
T I o N
/WCOZMe 2.0 mol% [Rh] Ts
N, 2a toluene 3a
0°C,5h

R® = iPr; [Rhy(S-PTV),] 47%, 62% ee
R? = tBu; [Rho(S-PTTL)4] 23%, 67% ee
R" = 1-adamantyl; [Rh,(S-PTAD),] 63%, 90% ee
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