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Additions of iodonium-X reagents tg-alkoxycarbonyl-2-azabicyclo[2.2.1]hept-5-enes and the homologous
2-azabicyclo[2.2.2]oct-5-enes have been found to mirror the outcomes of additions of bromonium-X
reagents. Only rearranged products were observed for reactions of either of these halonium ion reagents
with the azabicylo[2.2.1]hept-5-enes. For the azabicyclo[2.2.2]oct-5-enes, nitrogen participation in addition
of IOH or BrOH was dependent on tialkoxycarbonyl group. With larged-Boc, N-Cbz, orN-Troc
protecting groups, unrearrangedbti-hydroxy-6synl(or Br)-2-azabicyclo[2.2.2]octanes were formed

by nucleophilic attack at £on syrrhalonium ions. The structure dFmethyl-8anti-bromo-4anti-hydroxy-
2-azabicyclo[3.2.1]octane has been reassigned by X-ray analysis.

Introduction give mainly rearrangedN-alkoxycarbonyl(or sulfonyl)-6-
azabicyclo[3.2.1]octane) (entries 7 and 8). There is evidence

The addition of bromine td-alkoxycarbonyl-2-azabicyclo-  for minor amounts of dibromide8a—< of undetermined stere-
[2.2.0]hex-5-ened (Scheme 1) can form unrearrangeélkox- ochemistry3 Alkene substituents that can stabilize halonium

ycarbonyl-5,6-disubstituted-2-azabicyclo[2.2.0]hexa2eeand ions interfere with the propensity for aziridinium ion formatfs.
3a (Table 1, entries 15) as well as rearranged-alkoxycar-

bonyl-2-azabicyclo[2.1.1]hexandga.'2The outcomes of such

Y . yclof ] .- . . . (1) (a) Krow, G. R.; Lee, Y. B.; Lester, W. S.; Liu, N.; Yuan, J.; Duo,
competitions between nucleophilic trapping of bromonium ions ;. erz0n, s, B.: Nguyen, Y.; Zacharias..DOrg. Chem2001, 66, 1805
and nitrogen neighboring group participation via aziridinium 1810. (b) Krow, G. R.; Lee, Y. B.; Lester, W. S.; Christian, H.; Shaw, D.

ions are under subtle solvent control, as shown in Table 1 A Yuan, J.J. Org. Chem.1998 63, 8558-8560. (c) Krow, G. R Lin,
G.; Rapolu, D.; Fang, Y.; Lester, W.; Herzon, S. B.; Sonnet, R. Bxrg.

(entries_, 1-5).1 By contrast, the homologowé-alkoxycarbonyl- Chem.2003 68, 5292-5299. (d) Krow, G. R.; Yuan, J.; Lin, G.; Sonnet,
2-azabicyclo[2.2.1]hept-5-en&3 “ (entry 6) are known to react  P. E.Org. Lett. 2002 4, 1259-1262. (€) Krow, G. R.; Lester, W. S.; Liu,
with bromonium ions to afford only rearranged produgtand g-? Yg%”' JéoweeréAiélljfoi gi;7H8‘;Z|2n' 5-(‘?-5RN9|E{Y‘3’(13' YY C?:g“%“JK-
rg. em 3 — . row, G. R.; LIN, G.] Yu, . 0rg.
unrearranged adducts of tyjiehave not been reportédrhe Chem.2005 70, 590-595. (g) Jenkins, C. L.; Lin, G.; Duo, J.; Rapolu, D.;
next larger homologueN-alkoxycarbonyl or N-sulfonyl-2- Guzei, I. A.; Raines, R. T.; Krow, G. Rl. Org. Chem2004 69, 8565

azabicyclo[2.2.2]oct-5-enés®” reacts with bromoniumionsto 8573
(2) (a) Raasch, M. Sl. Org. Chem1975 40, 161-172. (b) Hursthouse,

M. B.; Malik, K. M. A.; Hibbs, D. E.; Roberts, S. M.; Seago, A. J. H.; Sik,

T Temple University. V.; Storer, R.J. Chem. Soc., Perkin Trans.1B95 2419-2425. (c) For
*Merck Research Laboratories. addition of bromine to alN-O-tosyl-2-azabicyclo[2.2.1]hept-5-ene without
8 University of Pennsylvania. rearrangement, see: Biehler, J.-M.; Bleury, JTetrahedron1971, 27,
TPenn State Abington. 3171-3196.

10.1021/jo702153q CCC: $40.75 © 2008 American Chemical Society
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TABLE 1. Bromonium lon Additions to N-Alkoxycarbonyl-2-azabicyclo[2.2n]alkenes

addition rearrangement
no. substrate reagents z (%) (%)
1 1 Bro/CH,Cl, COOBn 2a(41),3a(14) 4a(45p
2 1 BTz/CH3N02/CH2C|2 COOBn - 4a(100)a
3 1 NBS/DMSO/HO COOEt 2b (76) 4b (24y
4 1 NBS/THF/H,O COOBn 2b (44) 4b (56)
5 1 NBS/HOAc COO0Bn 2c(11) 4c (89p
6 5 Bro/CH,Cl, COOMe - 7a(100yp
7 8 Bro/CH,Cl, COOEt 9a(10y 10a(90y
8 8 NBS/DMSQyet COOEt - 10b(100y
aFrom ref 1c.” From ref 2a¢ From ref 6a.9 Not isolated.c From ref 6d.
SCHEME 1. Halonium lon Additions to TABLE 2. lodonium lon Additions to

N-Acylazabicyclo[2.2x]alk-5-enes

N
~ ! ~
Xy Z 1 XY X
LA
/ Y lxv |
N zZ
|
+ + 2aX=Y=Br
4ZaX-Y-Br X 2b X = Br, Y = OH
4b X = Br, Y = OH '}‘@/ 26X =Br Y = Ohe
z Y
3aX=Y=Br
X
W.? XY W} XY W} Y
5 3\\/ XY_ jﬁx
N N N
z z z
7X=Y =Br, 5 6
W=CC|3
X
XY XY v
/ - /7 - /7
N N N X
7 Y z z
10a X =Y = Br, 8 9X=Y=Br

10b X =Br, Y = OH

Unlike bromonium ion additions, neighboring group intercep-
tion of iodonium ions in the reactions &f-alkoxycarbonyl-2-

(3) For addition of bromine reagents to related 2-azabicyclo[2.2.1]hept-
5-ene-2-ones with rearrangement, see: (a) Faith, W. C.; Booth, C. A;
Foxman, B. M.; Snider, B. BJ. Org. Chem.1985 50, 1983-1985. (b)
Evans, C.; McCague, R.; Roberts, S. M.; Sutherland, AJ.&Chem. Soc.,
Perkin Trans. 11991, 656-657. (c) Palmer, C. F.; McCague, R. Ferkin
Trans. 1998 1, 2977-2978. (d) Palmer, C. F.; Parry, K. P.; Roberts, S.
M.; Sik, V. J. Chem. Soc., Perkin Trans.1D92 1021-1028.

(4) For addition of molecular fluorine to related 2-azabicyclo[2.2.1]hept-

5-ene-2-ones to give both rearranged and non-rearranged products, see: (a) i 6 |

Toyota, A.; Aizawa, M.; Habutani, C.; Katagiri, N.; Kaneko, Tetrahedron
1995 51, 8783-8798. (b) Toyota, A.; Habutani, C.; Katagiri, N.; Kaneko,
C. Tetrahedron Lett1994 35, 5665-5668.

(5) For iodofluorination of relatedN-acylated-2-azabicyclo[2.2.1]hept-
5-ene-2-ones to give unrearrangad addition products, see: Toyota, A.;
Ono, Y.; Kaneko, CTetrahedron Lett1995 36, 6123-6126.

(6) (@) Krow, G. R.; Shaw, D. A.; Jovais, C. S.; Ramijit, H. &ynth.
Commun1983 13, 575-579. (b) Krow, G. R.; Raghavachari, R.; Shaw,
D. A.; Zacharias, D. ETrends Heterocycl. Chent99Q 1, 1-7. (c) Krow,

G. R.; Lee, Y. B.; Raghavachari, R.; Szczepanski, S. W.; Alston, P. V.
Tetrahedron 1991, 47, 8499-8514. (d) Krow, G. R.; Shaw, D. A,
Szczepanski, S.; Ramijit, H. Gynth. Commuril984 14, 429-433.

(7) For rearrangement of ax-tosyl-2-azabicyclo[2.2.2]hex-5-ene, see:
(a) Holmes, A. B.; Raithby, P. R.; Thompson, J.; Baxter, A. J. G.; Dixon,
J.J. Chem. Soc., Chem. Commi883 1490-1492. (b) For rearrangement
of a related epoxide, see: Holmes, A. B.; Kee, A.; Ladduwahetty, T.; Smith,
D. F.J. Chem. Soc., Chem. CommdR9Q 1412-1414. (c) For a related
N-O-tosyl structure, see: Bussmann, R.; Heesingl&rahedron Lett1986
27, 561-564.

N-Alkoxycarbonyl-2-azabicyclo[2.2.0]hex-5-enes 1

(L DX

E—

N N
z 1 zZ 2
addition

no. substrate reagents z X Y (%)
1 1 ICI/CH.CI, COOBn | CI  2d(100%
2 1 NIS/DMSO/H0O COOBn | OH 2e(100p
3 1 NIS/HOAC/AcO cooBn | F 2f (100y
4 1 12/HgF/MeNO,/CH,Cl, COOBn | OAc 2g(100f

aFrom ref 1c.

azabicyclo[2.2.0]hex-5-endswith IX and IOH species has not
been observe#:1°In both nonpolar organic solvents and polar
protic solvents, iodonium ion species afford solely the unrear-
ranged addition products of ty3el—g (Table 2). We are aware
of no reported additions of iodonium ion species to non-lactam
N-acylated one- or two-atom-bridged azabicycesr 8.4°

Although iodonium ions are not intercepted by neighboring
nitrogen atoms in the reactions alkoxycarbonyl-2-azabicyclo-
[2.2.0]hex-5-ene§, the unrearranged éxciodo-5endcehalo-
(hydroxy)-2-azabicyclo[2.2.0]hexaneef are useful metha-
nopyrrolidine intermediates. lonization of iodide ion provides
a second chance for nitrogen participation in these systéms.
For example, iodide displacement can be facilitated by Select-
fluor, mercury salts, or silver ion nucleofuges to give the various
combinations of rearrangedtalkoxycarbonyl-5,6-disubstituted-
2-azabicyclo[2.1.1]hexandd in which one substituent is 5(6)-
synand the other is 5(63nti (eq 1).

Nu
5
Selectfluor, AgF, AgOAc,
N@Y X HgCly, HgFy, or Hg(OAC), VA )
z Y
Z=CO0O0Bn
2e X=1,Y=0H 11Y=0HorF,
2fX=1,Y=F Nu =F, OH, OAc, or CI

The goal in this paper is to extend studies of iodonium ion
additions with the fused 2-azabicyclo[2.2.0]hex-5-ene system

(8) For rearrangement dfl-alkyl-2-azabicyclo[2.2.1]hept-5-enes upon
addition of bromine reagents, see: (a) Malpass, J. R.; Whitd, Rrg.
Chem. 2004 69, 5328-5334. (b) Sosonyuk, S. E.; Bulanov, M. N.;
Leshcheva, I. F.; Zyk, N. VRuss. Chem. BulR002 51, 1254-1261. (c)
Bulanov, M. N.; Sosonyuk, S. E.; Zyk, N. V.; Zefirov, N. Russ. J. Org.
Chem.2003 39, 415-421. (d) Mitch, C. H.; Quimby, S. J. Patent WO
00/75140 A1, 2000.

(9) For rearrangement ofl-alkyl-2-azabicyclo[2.2.2]oct-5-enes upon
addition of bromine reagents, see ref 7b and Hutchins, R. O.; Rua, L., Jr.
J. Org. Chem1975 40, 2567-2568.
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1 to homologous one-atom-bridgédralkoxycarbonyl-2-aza- ~ TABLE 3. N-Alkoxycarbonyl-2-azabicyclo[2.2.1]hept-5-enes and
bicyclo[2.2.1]hept-5-ene&2, which lack the 3-substitution of ~ Halonium lons

5, and to two-atom-bridged 2-azabicyclo[2.2.2]oct-5-eBes X
How will the bridging atoms affect the reaction dynamics in b - &
theseN-acylated systems between halonium ions and aziridinium RN R~N Y
ions? Additionally, rearranged dihalides derived fragand8 12 1317

are non-symmetric nitrogen mustards. We desired these struc-

tures as substrates for comparison of the propensity for product
neighboring group carbamate participation as a function of ring enyry  reactant R reagents X Y (yield, %)
size to determine the relative leaving ability @fanti-halides

. . LY .. 1 12a Boc  Br/CHyCI Br Br 13a(93
as a function of the halides and their ring positions andtostudy 5 125 bz  Br/CH.OL Br  Br 13b((54))
the effects of different nucleofuges upon substrate reactivity. 3 12a Boc NBS/21THF/HO Br OH 14a(63)
The iodides especially might also serve as precursors for 4 12a Troc NBS/2:21THF/HO Br OH  14c(35)
generation of other useful functionalized azabicyclic structures. 5 12a  Boc  ICICHCl, I Cl 15a(76)

6 12a Boc  I/CHxCl; and | F 16a(50)

) ) HgF/CHsNO;
Results and Discussion 7 12a Boc  NIS/2:1 THF/HO | OH  17a(80)
8 12c Troc NIS/2:1 THF/HO | OH 17c(62)

Halonium lon Additions to N-Alkoxycarbonyl-2-azabicylo-
[2.2.1]alkenes.At the outset of this work, it was known that ) . )
reaction of 3-substituteN-acyl-2-azabicyclo[2.2.1]hept-5-enes SCHEME 2. lodonium lon Additions to Azabicycle 12

with bromonium ion species occurs with nitrogen participation Hzs~ | I
to give products of rearrangement, rather than 1,2-addifions. Hsa ICI R NIS J%/
To demonstrate that the rearrangements did not require 3-sub- R\N/ Cl S o, N THF/H,0 R\Nf OH
stituents and were applicable to a rangeNsélkoxycarbonyl HssHsn zv2 TR B
protecting groups, we reactédBoc alkenel2a(Table 3, entry N 12a R =Boc 178 R ZBee
1) andN-CBz alkenel2b (entry 2) with bromine/CHKCI, to 15a R =Boc 126 R =Troc PhCOCT/DMAF:/OC
prepare the rearranged dibromidk3a and 13b, respectively Hy | I2/HgF> Hy | EtsN
(eq 2). SimilarlyN-Boc alkenel2a(entry 3) andN-Troc alkene ° H CHCl H °
12c(entry 4, Troc= 2,2,2-trichloroethoxycarbonyl) with NBS/ R/ - % R3X7 ocoPh
THF/water afforded only rearranged bromohydiddsand14g “N ~N
respectively (eq 2). The bromohydrihda was prepared 16a R = BOC 18¢ R = Troc
independently fronN-benzyl-2-azabicyclo[2.2.1]hept-5-efh2d
by reactions known to give 6-anti,7-anti stereochemistry (eq SCHEME 3. Bromonium lon Additions to
3)8ab12 N-Acyl-2-azabicyclo[2.2.2]oct-5-enes
Br
7 Br 7 Br
a) Bro/CH,CI.
f? B ri NBS /§ R/ (2) Bra/CH,Cly R\N/ + R,/ Br
R~N Br N THF/H,0 R-N OH @) N or (b) NBS/THF X N
6 6 R = COOEt H,0 Br
= 8a 19a X =Br 20a
13a R =Boc 12a R = Boc 14a R = Boc _
13b R = Cbz 12b R = Cbz 14c R = Troc 21a X = OH Y
12¢ R = Troc DBU

Br

Br
Br
1. Br, 2. NaOH Br
Bn. b & Ts A R../ R. /[
N Boc~p OH (3) N N
22 23

3. H,/Pd/C/(Boc),0 N % OH

12d 14a 24 7 = COOMe

With the rearranged dibromidek3ab and bromohydrins  models. The iodochloridé5a (entry 5) and iodoalcohal7a
143c characterized, we next investigated addition of iodonium (entry 7) have slightly broadened singlets fosslds expected
ion sources to alkenek2ac (Scheme 2 and Table 3). In either  for rearranged structuré2Consistent with a &nti-l orientation,
aprotic or protic solvents, only the rearrandédlkoxycarbonyl-  the jodochloridel5a(entry 5) shows small long-randel NMR
6-anti-7-anti-disubstituted-2-azabicyclo[2.2.1]heptarids-17 coupling between K at 0 3.85 and Hs at 6 2.27. The
were observed (Scheme 2). Thegt substituent orientations  jodofluoride16a(entry 6) also shows small long-range coupling

in the structuresl5-17 were confirmed by the absence of for H,sat 0 3.65 (Jss7 = 1.8 Hz). Additional evidence for a
significant coupling between dd and H,% consistent with
protons that have nearly 90dihedral angles in molecular

(12) Throughout this paper, we have chosen tosysianti nomenclature
to identify the stereochemistry of substituents on the non-nitrogen-containing
(10) See ref 1cN-Chlorosuccinimide and Selectfluor react with alkene  bridges. This is to avoid the use ekdendonomenclature, confusing to
1to give ring-opened 5-aminopenten-2-al by electrophilic attack of halonium those accustomed to naming the related all-carbon-bridged bicyclic

ion on nitrogen. structures. The bridge with the nitrogen heteroatom is always the main bridge

(11) (a) Krow, G. R.; Lin, G.; Moore, K. P.; Thomas, A. M.; DeBrosse, of highest priority before the bridge with fewest members. Thus, all
C.; Ross, C. W., lll; Ramijit, H. GOrg. Lett. 2004 6, 1669-1672. (b) substituent&nti to nitrogen arendq even when pointed toward a methylene
Krow, G. R.; Lin, G.; Yu, F.; Sonnet, P. EOrg. Lett. 2003 5, 2739~ bridge. Juaristi, Elntroduction to Stereochemistry and Conformational
2741. Analysis John Wiley & Sons, Inc.: New York, 1991; pp 4%0.
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TABLE 4. N-Alkoxycarbonyl-2-azabicyclo[2.2.2]oct-5-enes 8 Reactions with Halonium lons

Ho X

& v

R — R\NC\EDY * R\N@H
X X

8 R-[3.2.1] U-[2.2.2]
products (yield, 98

no reactant R reagents X Y R-[3.2.1] U-[2.2.2]

1 8a COOEt Br/CH,Cl Br Br 19a(71) 20a(8)°

2 8a COOEt NBS/DMSO/HO Br OH 21a(62)

3 8a COuEt ICI/CH.ClI; | Cl 28a(72y

4 8a CO,Et 12/HgFR/CH3NO,/CH,Cl> | F 29a(30)

5 8a CO,Et NIS/HOAc/NaOAc | OAc 30a(92)

6 8a COsEt NIS/2:1 DMSO/HO | OH 31a(77y

7 8b Chz NIS/2:1 DMSO/HO | OH 31b (53) 32b(17)

8 8c Boc NIS/2:1 DMSO/HO | OH 31c(36) 32c(8)

9 8d Troc NIS/2:1 DMSO/HO | OH 31d (12 32d(29)
10 8d Troc NBS/THF/HO Br OH 21d(18) 32e(14)
11 8c Boc NIS/HOAc/NaOAc | OAc 30c(72)

aR = rearranged; U= Unrearranged. Isolated yieldsThe bromide mixture was not separable, so the stereochemist@aafould not be assigned. See
Scheme 3 and ref 668R = COOBnN @b) gave28b (72%). 9 Similar results were noted in THFAD solvent (see the supplementary experimental section).

SCHEME 4. Reassignment of the Bromohydrin 27 from
Azabicycloalkene 25

(a) acetone
2B Br (b) acetone/heat
, =z —
l}l B +N (c) t-BuOK, t-BuOH,
Me 3 ,\Iﬂe H,0 !
25 26 27 R=Me

LiAIH,/
4 ( 21aR = COOEt

ether
50%

6-anti-F in 16ais found in its smalled-—y coupling with the
trans proton Hsat o 1.85 Jur = 13.6 Hz) compared to that
with the cis proton Haato 2.10 Jur = 33.0 Hz). To remove
resonance overlaps, the iodoalcohdt (entry 8) was converted
to its benzoate estelrBc (82%). Consistent with the assigned
stereochemistry, positive NOE effects for est@c are seen
between Hy at 0 3.45 and Hs at ¢ 4.03, as well as between
Hs,at o 3.19 and H, at o 2.37.

Halonium lon Additions to N-Alkoxycarbonyl-2-azabicylo-
[2.2.2]oct-5-enesPreviously, the azabicyc-ethoxycarbonyl-
2-azabicyclo[2.2.2]oct-5-en@a was reacted with bromine/
methylene chloride to prepare the rearranged dibrorhiie

SCHEME 5. Addition of lodonium lons to Azabicycles 8
H I
(a) ICI, or 8
(b) I/HgF5, of  Hpy N OH
R. / R. Has  R. s Hea
N (c) NISITHF/ N NU Y Hse
H,0 Y Has o
H4s
8 28a Y=Cl 32b-d
a R = COOEt ggb \\(( = EI
b R = COOBn a Y=
¢ R=BOC e Y e (a) PCC
d R = CO,CH,CCl, (b) BuzSnH
(a) Swern, or
(b) BuzSnH, l
then PCC %
P o]
R. /. R.
N N
X
0
33aX=| 35b X = |
34aX=H 36b X = H

bromo,4anti-hydroxy stereochemistry by X-ray crystallographic
analysis. This defines the bromine substitueniaas in salt
26, consistent with more recent NMR eviderfé&Ve have now

apparently admixed with 10% of an inseparable unrearrangedconfirmed the structure df-ethoxycarbonyl bromohydrffi21a

dibromide 20a (Table 4, entry 1§2 The stereochemistries of
both bromines inl19a and 20a were not proven at the time

by chemical correlation wittN-methyl bromohydrin27.
With the structure of the rearranged bromohy@lmassured,

because the mixture was reacted with base and only thewe next turned our attention to the addition of iodonium ions

rearranged vinyl bromide®2 and 23 were identified and
isolated®@ However, the 4anti,8-anti stereochemistry of sub-
stituents for the rearrangdd-tosylboromohydrin24 has been
shown by X-ray crystallographic analy$i&As well, alkeneBa
and NBS/DMSO/water gave the rearranged bromohy@tia
(entry 2)%d

In light of a report that addition of bromine td&-methyl-2-
azabicyclo[2.2.2]oct-5-en25 might give rise to a rearranged
bromohydrin with an 8&ynbromine? and to confirm the
structure of21a we have repeated the experiments shown in
Scheme 4. A salR6 was formed by addition of 2 equiv of
bromine to alken®5. As described,the salt was converted to
a bromohydrin27, which we now have shown to havea®i-

to N-alkoxycarbonyl-2-azabicyclo[2.2.2]oct-5-er@shown in
Scheme 5 and Table 2. Reaction of alkeBasnd8b (entry 3)
with iodine chloride in the aprotic solvent methylene chloride
afforded only rearranged produd8a and 28b, respectively.
The iodine of these structures was determined tcabe to
nitrogen on the basis of an NOE between #iyaHg and H
hydrogens. Assignment of theahti-chlorine stereochemistry
was more involved. There is an NOE between, ldnd Hs
(proton toward the nitrogen-containing bridge) and a large
coupling between kK and His (J = 6 Hz). The coupling is
characteristic of &is HzdHgs relationship and a dihedral angle
of 35.5° based upon modeling. This places thedBlorine of
28ab anti to the nitrogen bridge. In confirmation, protong,H

J. Org. ChemVol. 73, No. 6, 2008 2117
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and Hisdo not appear to be coupled, consistent with a calculated SCHEME 6.

dihedral angle of 804

The alkene8a (entry 4) with moist mercuric fluoride in
nitromethane/methylene chloride afforded a low yield of the
iodofluoride29a Spectral comparison to the other iodohalides
indicated the rearranged structdfe.

Reaction of NIS/HOAc with alken8a (entry 5) afforded a
rearranged iodoacetaB®a This acetate could be hydrolyzed
to the iodoalcohol31la (92%), identical to that formed by
reaction of alkene3a with NIS/THF/watet¢ or NIS/DMSO/
water (entry 6$914 Although there is a striking similarity for
the NMR spectrum o8laand that of rearranged bromohydrin
213, an exact structural assignment &fawas made difficult

by overlapping NMR resonances. The rearranged structure wasgr-

confirmed by oxidation of the iodoalcoh8lato the iodoketone
33a(89%) and by conversion to the known rearranged ketone
34a (76%)5d

In an effort to improve NMR resolution to obtain stereo-
chemical assignments, we decided to modify the protecting
group on nitrogen. As an immediate benefit, isolation of
crystalline rearranged iodoalcohd@lc enabled its Zanti-
hydroxy-8anti-iodo structure to be confirmed by X-ray crystal-
lographic analysis. Additionally, and surprisingly, we now found
that the results of the iodohydrin syntheses are a function of
the N-protection. WithN-Cbz on8b (entry 7) orN-Boc on8c
(entry 8), NIS/solvent/water reactions afforded mixtures contain-
ing unrearranged iodohydrirdlb,c and 32b,c, respectively.
With the N-Troc group of8d (entry 9), the unrearranged
iodohydrin32d became the major isolated product.

Krow et al.

The Observed Fates of Halonium lons from
Zero-, One-, or Two-Atom-Bridged N-R-Azabicycloalkenes
(R = Alkoxycarbonyl); (a) X = Br, (b) X =1

5 +
xX* X" N
@ . . @NX
N N _N u
R” R R
1 37a X =Br 38a X =Br
37b X =1 T~ 38b X =1
Zes
+
N 6
39
X+ X
X' b — b
/ —_— N/ ~_ tN
N R~ x i R
12 40 N M
anti
X+
& X
+ N/ * &/
X/r R” N 6
42 R
7 43
N X
R 8 T 5¢ Nu Nu
/ . — L
_N X -N
R 6 syn R X
44a X =Br 45a X = Br
44b X =1 45b X = |

As noted previously for reactions of the 2-azabicyclo[2.2.1]-
hept-5-eneb5, there is a tendency for yields of azabicycles to
decrease as the protecting group on nitrogen becomes larger.
This is especially true in polar protic solvents. A competing

To determine the regiochemical structure of the unrearrangedprocess that involves attack of the electrophile on Me

iodohydrins,32b was oxidized to iodoketon&5b (49%), and
this was reduced to the known ketoB6b (Scheme 5}° To
assign stereochemistry, thel NMR of iodohydrin 32d (two
conformers) was most helpful. The Bydroxyl isanti, for there
is an NOE between &at o 4.59(4.56) and kh atd 3.59(3.50).
The G iodine issynbased upon an NOE betweensHt 6
4.08(4.07) and kK at 6 2.06-1.81, as well as the smalans
coupling between k and H, (J = 2.4 Hz).

protecting group and ring opening has been identified previ-
ously10

Mechanistic Considerations.The results of this study allow
us to depict the fate of halonium ions formed from 2-azabicyclo-
[2.2X]alkenes x = 0, 1, 2) as shown in Scheme 6. Previously,
it was known for the fused azabicycle that the preferred
halonium ion37 has halogen on the less hinderexb face?l
This ion is preferentially attacked by external nucleophile at

To show that the isolation of unrearranged bromoalcohols the G carbon distal to the nitrogen atom to give produ@ss
32b—d with the bulkier protecting groups was not solely a With anti-iodonium ions37b, the external attack occurs faster
function of NIS as reactant, NBS/THF/water was stirred with than the iodonium ion can rearrange to the aziridinium36h

alkene8d (eq 4). A mixture of rearranged bromoalcotiid

and unrearranged bromoalcol8f#e was isolated, although in
low yields (entry 10). Finally (entry 11), it was shown that the
choice of solvent was critical to these reactions. When NIS was
reacted with alkene8c (R = BOC) in HOAc/NaOAc, the
conditions of entry 5 (R= COOEt), again only rearranged
iodoacetate80c was obtained®

Br
NBS/THF/
H,0 . OH
R. /. R../ R. /.~ ~ H
°N N N H
OH L
8d R = CO,CH,CCls 21d 322 @

(13) The iodofluoride29a has also been prepared from the iodoalcohol
31h. See the accompanying manuscript: Krow, G. R.; Gandla, D.; Guo,
W.; Centafont, R. A.; Lin, G.; DeBrosse, C.; Sonnet, P. E.; Ross, C. W.,
III; Ramijit, H. G.; Cannon, K. CJ. Org. Chem2008 73, 2122-2129.

(14) Dalton, D. R.; Rodebaugh, R. K.; Jefford, C. \W.Org. Chem.
1972 37, 362—367.

(15) Krow, G. R.; Johnson, CSynthesisl979 50—-51.
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In this and other work, the methylene-bridged azabicycles
12 only yielded rearranged produ@&ne possibility is foanti-
halonium ion40 to undergo rapid intramolecular attack by
nitrogen to give aziridinium iod1, the precursor of rearranged
products, faster than it can be attacked by external nucleophile.
In the alternative, the isolation of only rearranged products is
also consistent with reaction of substra®in a synchronous
manner with an external halonium ion to give the aziridinium
ion 41, without intervention of halonium iod0.

The ethylene-bridged azabicyd@amight form both aranti-
halonium ion42 and asyrthalonium ion44. In one scenario,
there could be reversible formation of halonium @244 but
a dominant fast rearrangement fraamti-halonium ion42 to
aziridinium ion43. In this case, only rearranged azabicycles
will be observed. This first scenario is consistent with the results
in Table 4 in apolar solvents (entries 1, 3, and 4) or acetic acid
(entries 5 and 11) or in protic solvent wikkCOOEt protection
(entries 2 and 6).

In a second scenario with larg&-protecting groups, and
either agueous DMSO or THF as solvents, gmti-halonium
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ion 42 again rearranges to the aziridinium id8, but now a
synhalonium ion44 undergoes competitive attack by water to
give halohydrind5. This scenario is noted in Table 4 (entries
7—9). Consistent with the principle of least motion, the larger
bulk for N-Cbz,N-Boc, andN-Troc (8b—d) relative toN-COOEt

JOC Article

NBS in aqueous THF or agueous DMSON€eR-2-azabicyclo-
[2.2.2]oct-5-enes witiN-alkoxycarbonyl groups [R= Cbz, Boc,

or Troc (CQCH,CCl)]. These gave rearranged iodohydrins
accompanied by regioselective and 1,2-stereoselective addition

to form 5-anti-hydroxy-6synhalides. The previously erroneous

(8a) should retard the neighboring group movement necessarystructure ofN-methyl-8anti-bromo-4anti-hydroxy-2-azabicyclo-

to form aziridinium ion 43 from halonium ions42.® The
electron-withdrawing R= trichloroethoxycarbonyl group &d
may further retard neighboring group nucleophilic participation
required for generation of iong3, making formation of
unrearranged adduct® more competitive. An additional factor
opposing nitrogen migration exists in aqueous solvent. Water,

through hydrogen bonding to the carbamate, facilitates charge

donation from nitrogen to carbonyl oxygen. This effect could
serve to reduce the nucleophilicity of nitrogen and retard
intramolecular neighboring group participation and rearrange-
ment.

The trans stereochemistry of the unrearranged azabicycles
38and45rules out attack by nucleophiles ag Gn aziridinium
ions 39 and43.17 Nucleophilic displacement is preferred at the
Cs position for bothanti-halonium ions37 and thesyrrhalonium
ions44.18 For preferentiabynface attack upon an iod7 at G,

it has been argued that, despite greater positive charge densit)éo 0 and 49.3. 47.9 and 47.6. 45.0 and 44.5. 43.0 and 42.9 39.0

[3.2.1]octane27 has been reassigned.

Experimental Section

N-(tert-Butoxycarbonyl)-6-anti-7-anti-dibromo-2-azabicyclo-
[2.2.1]heptane (13a)Bromine (0.620 g, 3.85 mmol) in G&l, (5
mL) was added over 45 min to alkeéfid2a(0.625 g, 3.20 mmol)
in CH,CI, (20 mL) at—78°C. The mixture was maintained &{78
°C for 6 h and was then allowed to warm to room temperature
overnight. The organic layer was washed with saturated aqueous
NaHCQ; (25 mL). Evaporation of the organic phase and purification
of the residue by column chromatography afforded 1.026 Raf
(93%) as an oil aR; 0.51 (1:1 ether/hexane}H NMR (300 MHz,
CDCl) 6 4.50 and 4.39 (two br s, 1H), 4.13 (br s, 1H), 3.97 (br,
1H), 3.38 and 3.35 (two dtj = 9, 3, 3 Hz, 1H), 3.06 and 3.02
(two d,J = 9.6 Hz, 1H), 2.77 (br, 1H), 2.67 (br, 1H), 2.46 and
2.42 (two dd,J = 13.8 and 8.4 Hz, 1H), 1.46 and 1.49 (two s,
9H); 13C NMR (100 MHz, CDC}) 6 153.1, 80.9, 64.1 and 62.9,

at G, the external nucleophile avoids the nearby nitrogen lone 5,4 35 9 28.4: HRM®Vz 375.9529, calcd for GH,NO,Na"Br,

pair and theN-substituent® However, forsynhalonium ion44,
there is an ethano bridge facing a nucleophile doti-face
attack. Calculations wittsynbromonium ion46¢ and syn
iodonium ion46d indicate stronger £-X bonds, and this may
account for G attack on these ions by water (see Supporting
Information)2®

Conclusions

In summary, the propensity for neighboring group rearrange-
ment upon addition of iodonium ions fd-alkoxycarbonyl-2-
azabicyclo[2.2]alk-5-enes as a function of bridge size was
found to ben=1 > 2 > 0. With a one-atom bridge, iodohalides
and iodohydrins (1X) gave solely rearranged@i-X-7-anti-
iodo-2-azabicyclo[2.2.1]heptanes. With a two-atom bridge, the
same species IX added to give rearrangeché-X-8-anti-iodo-
2-azabicyclo[2.2.2]octanes, except for the additions of NIS or

(16) March, J.Advanced Organic Chemistryith ed.; John Wiley &
Sons: New York, 1992; p 782. “Those reactions are favored which involve
the least change in atomic position and electronic configuration.”

(17) Unrearrangedis products have been observed for additions of IX
(X = F, OH) to an azabicyclic lactam; see ref 5. For ti®additions of
bromine to alkene facilitated by neighboring oxygen, see: (a) Menzek, A.;
Altundas, A.; Coruh, U.; Akbulut, N.; Vazquez Lopez, E. M.; Hokelek, T.;
Erdonmez, A.Eur. J. Org. Chem2004 1143-1148. (b) Menzek, A.;
Altundas, A.Tetrahedron2006 62, 12318-12325. For a 1,2is addition
of bromine to alkene facilitated by a neighboring arene, see: (c) Dastan,
A. J. Chem. Re2005 608-612.

(18) Oxymercuration/demercuration of azabicyd®8a affords a 1:1
mixture of 5syn and 5anti alcohols. This indicates that water attacks
mercurinium ions regioselectively ats@istal from nitrogen. Krow, G.;
Rodebaugh, R.; Grippi, M.; Carmosin, Rynth. Commuril972 2, 211—

214.

(19) Calculated bond distances at RHF/3-21G level for the isoragnic
bromonium iond6¢ from N-methoxycarbonyl-2-azabicyclo[2.2.2]oct-5-ene
are 2.04 A for G-Br and 2.13 A for G-Br. For thesyniodonium ion46d,
the distances are 2.29 A forsC and 2.49 A for G-I.

Sh

N/
MeOOC™" 6 °X*

46c¢' X = Br
46d' X = |

375.9524.
N-(tert-Butoxycarbonyl)-7-anti-bromo-6-anti-hydroxy-2-
azabicyclo[2.2.1]heptane (14a). From alkene 12&BS (0.733
g, 4.12 mmol) was added over 45 mini®a (402 mg, 2.06 mmol)
in 2:1 THF/water (30 mL) at OC. The mixture was maintained at
0 °C for 2 h and was then allowed to warm to room temperature
overnight. Following addition of 10 wt % aqg MN&0; (100 mL),
the aqueous phase was extracted with ether 0 mL), and the
combined organic layers were dried with MgS@emoval of
solvent in vacuo afforded 0.583 g of white oil, which upon column
chromatography gave 0.379 g d4a (63%) atR: 0.45 (2:1 ether/
hexane):'H NMR (300 MHz, CDC}) ¢ 4.16 and 4.07 (br, 1H),
3.93 (br s, 1H), 3.83 (br, 1H), 3.10 (br, 1H), 2.81 (br, 1H), 2.60
(br, 1H), 2.28 (br, 1H), 2.09 (br, 1H), 1.99 (br, 1H), 1.32 (s, 9H);
13C NMR (100 MHz, CDC}) ¢ 153.5, 80.6, 74.7, 63.2, 50.1 and
49.9, 49.2, 42.9, 39.2 and 38.8, 28.4 and 28.3; HRMS 314.0361,
calcd for G1H1eNO3Na’®Br, 314.0368.
N-(tert-Butoxycarbonyl)-6-anti-chloro-7-anti-iodo-2-azabicyclo-
[2.2.1]heptane (15a).Alkene 12a (97.5 mg, 0.5 mmol) was
dissolved in methylene chloride (10 mL). A solution of iodine
chloride (89.3 mg, 0.55 mmol) in methylene chloride (5 mL) was
added dropwise at OC, and the solution was stirred for an
additional 10 h at 25C. It was then washed with 10% sodium
sulfite until colorless (2x 5 mL), extracted with ether (X% 25
mL), dried over MgS@, and the solvent was removed in vacuo.
Column chromatography using silica gel (1:5 ether/hexane) afforded
130 mg (76%) of iodochloridd5a at R; 0.4 (1:2 ether/hexane):
IH NMR (400 MHz, CDC}) 6 4.34 and 4.20 (br, 1H, Bi, 3.90
and 3.85 (br, 1H, k), 3.85 (br s, 1H, K, 3.20 and 3.18 simplifies
on heating (dtJ = 9.6, 3.0 Hz, 1H, H,), 2.86 and 2.81 (d] = 9.6
Hz, 1H, Hsp), 2.63 (br, 1H, H), 2.45 (d brJ = 14.0 Hz, 1H, H,),
2.27 (dddJ = 14.0, 8.0, 1.2 Hz, 1H, K), 1.42 (s, 9H)13C NMR
(100 MHz, CDC}) 6 152.7, 79.9 and 80.4, 64.7 and 63.4, 55.9,
48.8 and 49.0, 46.0 and 45.5, 39.9, 28.5 and 28.3, 19.1 and 18.8;
HRMS m/z379.9917, calcd for GH;7NO,ClINa (MNa") 379.9884.
N-(tert-Butoxycarbonyl)-6-anti-fluoro-7-anti-iodo-2-azabicyclo-
[2.2.1]heptane (16a).Alkene 12a (585 mg, 3.0 mmol) was
dissolved in nitromethane (10 mL), and mercuric fluoride (1.47 g,
6 mmol) was added. A solution of iodine (1.56 g, 6 mmol) in

(20) Arakawa, Y.; Yasuda, M.; Ohnishi, M.; Yoshifuji, Shem. Pharm.
Bull. 1997 45, 255-259.
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methylene chloride (10 mL) was added dropwise, and the solution 2.47 (ddd,J = 14, 12, 6 Hz, 1H, H,), 2.25 (ddddJ = 16, 12, 6,

was stirred fo 3 h at 25°C. It was then washed with 10% sodium 6 Hz, 1H, Hg), 2.00 (dd,J = 16, 6 Hz, 1H, H,), 1.60 (m, 1H,

sulfite (2 x 20 mL), extracted with ether (8 100 mL), dried over Hog), 1.25 (t,J = 7.1 Hz, 3H);'"H NMR (400 MHz, CDC}, 25°C)

MgSQ,, and the solvent was removed in vacuo. Column chroma- 6 4.28 and 4.22 (ddJ = 4.3, 3.8 Hz, 1H), 4.144.09 (m, 3H),

tography using silica gel (1:4 ether/hexane) afforded 500 mg (50%) 4.03 (dd,J = 4.7, 4.0 Hz, 1H), 3.44 (m, 1H), 3.29 and 3.27 {d,

of iodofluoride 16a at R; 0.6 (1:2 ether/hexane)H NMR (400 = 10.3 Hz, 1H), 2.44 (br, 1H), 2.33 (m, 1H), 2.11 (m, 1H), 1.87

MHz, CDCk) ¢ 4.70 and 4.56 (two dd bg = 54, 6 Hz, 1H), 4.1 (dd,J = 15.7, 5.4 Hz), 1.563 (m, 1H), 1.04 @ = 7.1 Hz);3C

and 4.23 (two br s, 1H), 3.65 (br s, 1H), 2.97 (m, 1H), 2.57 and NMR (100 MHz, CDC}) ¢ 153.2, 61.7 and 61.6, 57.3 and 57.2,

2.62 (two d,J = 9.5 Hz, 1H), 2.46 (br, 1H), 2.10 (dd hd,= 33, 53.4 and 53.0, 47.6 and 47.5, 39.5 and 38.6, 26.9, 23.0, 17.3, 14.7;

13.6 Hz, 1H), 1.85 (dt) = 13.6, 13.6, 6.8 Hz, 1H), 1.20 (s, 9H); HRMS nvz 343. 9906, calcd for H1sNO,ICI (MH ™) 343.9909;

13C NMR (100 MHz, CDC}4) 6 152.9, 91.6 (dJ = 199 Hz), 80.7 m/z 365.9730, calcd for GH1sNO,ICINa (MNa') 365.9728.

and 80.4, 62.5, 62.3, 61.4, and 61.2, 49.7 and 48.9, 44.2 and 43.7, N-(Benzyloxycarbonyl)-4exo-chloro-8-anti-iodo-6-azabicyclo-

37.1 and 36.9, 28.5, 28.3, and 28.0, 20.0, 19.5, 19.2, and 19.0;[3.2.1]octane (28b)According to the above procedure, alkedte

HRMS m/z364.0187, calcd for GH1/NO,FINa (MNa+) 364.0180. (300 mg, 1.65 mmol) and iodine monochloride (332 mg, 1.98
N-(tert-Butoxycarbonyl)-6-anti-hydroxy-7-anti-iodo-2- mmol) after 16 h afforded 652 mg of crude oil, which upon

azabicyclo[2.2.1]heptane (17a)By the above procedure, alkene chromatography afforded 420 mg (72%) of iodochlora®b at Ry

12a (195 mg, 1.0 mmol) in 1:1 THF/ water (10 mL) and 0.78 (1:1 hexane/ethyl acetate}d NMR (300 MHz, CDC}) ¢

N-iodosuccinimide (450 mg, 2 mmol) after 12 h at 26 gave 7.25 (s, 5H), 5.06 (m, 2H), 4.28, 4.22, 4.1, and 4.0 (four br, 3H),

after chromatography on silica gel (3:1 hexane/ether) 288 mg (80%) 3.42 (dd,J = 10.5, 5.7 Hz, 1H), 3.29 (d] = 10.5 Hz, 1H), 2.41

of iodoalcoholl7aat R; 0.77 (1:4 hexane/ether*H NMR (400 (br, 1H), 2.30 (m, 1H), 2.06 (m, 1H), 1.86 (m, 1H), 1.49 (m, 1H);

MHz, CDCl;, 60°C) 6 4.16 (br s, 1H), 3.85 (br, 1H), 3.81 (s, 1H), 3C NMR (100 MHz, CDC}) ¢ 153.0, 136.1, 128.6, 128.3, 128.2,

3.17 (br d,J = 9.5, 1H), 2.83 (dJ = 9.5 Hz, 1H), 2.62 (br, 1H), 128.0, 127.9, 67.4 and 67.3, 57.5 and 57.4, 53.5 and 52.9, 47.7,

2.12 (br, 2H), 1.40 (s, 9H):*3C NMR (100 MHz, CDC}) 6 153.1 39.5 and 38.6, 26.9, 22.9, 17.1 and 16.9; HRNi& 427.9879,

and 152.9, 80.4 and 80.1, 74.9 and 74.1, 63.7 and 63.6, 49.7 anctalcd for GsH17/NO,ICINa (MNa") 427.9890.

48.7, 44.4 and 43.9, 39.9 and 39.3, 28.9 and 28.5, 22.6 and 22.1; N-(Ethoxycarbonyl)-4-exofluoro-8-anti-iodo-6-azabicyclo-

HRMS m/z 362.0222, calcd for GH1gNOzINa (MNat) 362.0223. [3.2.1]octane (29a). (a) From Alkene 8aBy the procedure for
N-(Ethoxycarbonyl)-4-anti-bromo-8-anti-bromo-6-azabicyclo- 164, to olefin8a (220 mg, 1.22 mmol) and mercury fluoride (1.64

[3.2.1]octane (19a)By the procedure fod3a olefin 8a% (887 g, 6.07 mmol) in nitromethane (25 mL) was added iodine (369

mg, 4.9 mmol) and bromine (338L, 5.9 mmol) in CHCI, (40 mg, 1.46 mmol) in methylene chloride (15 mL). After 12 h at rt,

mL) at —78 °C at rt for 12 h afforded 1.65 g (99%) of the pure there was obtained upon flash chromatography 120 mg (30%) of

dibromide19aat R 0.33 (2:1 hexane/etherfH NMR (400 MHz, 29a at R 0.55 (1:1 ethyl acetate/hexanedd NMR (300 MHz,
CDCls) 6 4.38 and 4.32 (two m, 1H), 4.28 and 4.20 (two m, 1H), CDCl) ¢ 4.72 and 4.65 (two br d] = 48 Hz, Hy), 4.34 and 4.26
4.13 (m and qJ = 6.8 Hz, 3H), 3.50 (m, 1H, k), 3.32 (dd,J = (two t,J=3.9 Hz, H), 4.08 (q,J = 7.1 Hz, OCH), 4.00 (br, H),
10.4, 6.4 Hz, 1H, k), 2.51 (br, 1H, H), 2.42 (m, 1H, H), 2.30 3.45 (br m, Hy), 3.31 and 3.27 (two d) = 10.5 Hz, Hy), 2.44
(m, 1H, H), 2.08 (dd,J = 1.0, 5.6 Hz, 1H, H,), 1.49 (m, H), (br, Hy), 2.26 (m, Hy), 1.80 (m, 2H, H), 1.50 (m, 1H, HJ, 1.20

1.23 (t,J = 6.8 Hz, 3H);3C NMR (100 MHz, CDC}) 6 153.4, (t, J = 7.2 Hz, 3H);13C NMR (100 MHz, CDC}) 6 154.0, 87.4
61.6/61.5, 57.4/57.2, 47.9/47.8, 45.2, 42.3/41.8, 37.8/36.9, 27.1,and 87.1 J = 180 Hz), 62.1, 56.5, 47.6 and 47.5, 39.7 and 38.8,
20.9, 14.6; HRMSnz found 339.9540, calcd for gH15"°BroNO, 30.1 and 29.8, 24.1 and 24.0, 18.1 and 17.9, 15.1 and 14.6; HRMS
(M+H) 339.9542. m/z 328.0205, calcd for GH1eNO2IF (MH ™) 328.0210.

Conversion of Bromohydrin 21a to N-Methyl-8-anti-bromo- N-(Ethoxycarbonyl)-4-anti-acetoxy-8anti-iodo-6-azabicyclo-
4-anti-hydroxy-6-azabicyclo[3.2.1]octane (27)To a solution of [3.2.1]-octane (30a)To a solution of alken8a (86 mg, 0.48 mmol)
bromohydrin21&¢ (149 mg, 0.54 mmol) in ether (25 mL) was in acetic acid was added sodium acetate (97 mg, 1.2 mmol),
added LiAlH, (40 mg, 1.1 mmol) in ether (25 mL), and the mixture  followed byN-iodosuccinimide (213 mg, 0.95 mmol). The mixture
was refluxed for 2 h. Water (40L), 15% NaOH solution (4@L), was stirred at room temperature for 16 h, then was diluted with
and water (12QuL) were added. The solution was dried using CH,Cl, (15 mL), washed with 10% sodium bicarbonate (10 mL),
sodium sulfate and then filtered via Celite. Removal of solvent in and dried over magnesium sulfate. The solvent was then removed
vacuo and chromatography of the residue (2:1 hexane/ethyl acetate)n vacuo to give 319 mg of a crude oil, which upon flash silica gel
gave unreacte®@la(57 mg). Flushing of the column with methanol  chromatography gave 160 mg (92%) of the rearranged iodoacetate
gave 58 mg (50%, 79% based on recovefdd) of N-methyl 30a at Rr 0.68 (1:1 hexane/ethyl acetate)4 NMR (400 MHz,
bromoalcohol27 at R; 0.45 (6:4 ethyl acetate/hexane} NMR CDCl;, 60°C) 6 4.91 (br, 1H, H), 4.32 (ddJ =4, 4 Hz, 1H, H),

(300 MHz, CDC}) 6 4.17 (dd,J = 4.5, 4.5 Hz, H), 3.77 (br, H), 4.13 (q,J = 7.1 Hz, 2H), 4.05 (m, 1H, k), 3.47 (dd,J = 10.3,
2.99 (s and mJ = 9.9 Hz, 2H, H and H,), 2.78 (br, OH), 2.56 5.4, 1.5 Hz, 1H, H), 3.34 (d,J = 10.3 Hz, 1H, H), 2.46 (m, 1H,
(dd,J = 9.9, 5.7 Hz, H,), 2.42 (s and m, 4H, Me and;H 2.16 Hi), 2.25 (dddd,J = 14.0, 13.3, 6.6, 1.8 Hz, 1H, 4), 2.08 (s,
(ddd,J = 5.7, 14.1, 14.1 Hz, b)), 1.95 (m, Hy), 1.61 (dd,J = 3H), 1.85 (m, 1H, HJ, 1.67 (ddJ = 15.7, 6.0 Hz, 1H, HY), 1.53
15.0, 5.7 Hz, Hj), 1.35 (m, Hy); **C NMR (100 MHz, CDC}) (m, 1H, Hy), 1.25 (t,J = 7.1 Hz, 3H);!H NMR (400 MHz, CDC})
70.9, 64.6, 55.4, 48.7, 44.2, 40.2, 28.2, 21.0. The structure wasd 4.94 (br) and 4.89 (dd] = 4, 4 Hz, 1H), 4.34 (br) and 4.32 (t,
confirmed by X-ray. J=4.0, 4.0 Hz, 1H), 4.13 (o) = 7 Hz, 2H), 4.06 (ddJ =4, 4

N-(Ethoxycarbonyl)-4-exo-chloro-8-anti-iodo-6-azabicyclo- Hz, 1H), 3.50 (ddJ = 5, 10 Hz, 1H), 3.36 and 3.33 (two d,=
[3.2.1]octane (28a)By the procedure fot5a alkene8a (170 mg, 10 Hz, 1H), 2.48 (br, 1H), 2.24 (ddd,= 14, 14, 7 Hz, 1H), 2.10
0.7 mmol) and iodine monochloride (135 mg, 0.84 mmol) in,€H (s, 3H), 1.88 (m, 1H), 1.66 (dd, = 16, 6 Hz, 1H), 1.59 (m, 1H),

Cl, (30 mL) after 16 h at room temperature gave upon flash 1.27 (t,J = 7 Hz, 3H);3C NMR (100 MHz, CDC}) 6 170.0 and
chromatography on silica gel 205 mg (72%) of iodochloria 169.7, 153.5 and 153.4, 68.3 and 67.9, 61.5, 55.2 and 55.0, 47.3
atRs 0.47 (3:1 hexane/ethyl acetaté)i NMR (400 MHz, CDC}, and 47.1, 39.3 and 38.5, 23.5, 22.9, 21.5, 19.0 and 19.2, 18.7, 14.5;
60°C) 6 4.35 (br, 1H, H), 4.27 (br, 1H, H), 4.19 (9,J = 7.1 Hz, HRMS m/z 368.0366, calcd for GH;gNO4l (M + H) 368.035 and
OCH,), 4.13 (t,J = 4.5 Hz, 1H, B), 3.54 (dddJ = 10.3, 5.6, 1.2 m/z 390.0192, calcd for GH1gNO4Nal (M + Na) 390.0178.

Hz, 1H, Hy), 3.37 (d,J = 10.3 Hz, 1H, H,), 2.52 (m, 1H, H), N-(Ethoxycarbonyl)-4-anti-hydroxy-8-anti-iodo-6-azabicyclo-
[3.2.1]octane (31a). (a) From alkene 8a in THF/WaterBy the

(21) Cava, M. P.; Wilkins, C. K., Jr.; Dalton, D. R.; Bessho,KOrg. procedure for preparation df4a a solution of alken&7a (340
Chem.1965 30, 3772-3775. mg, 1.87 mmol) in 2:1 water/THF (22.5 mL) ahtiodosuccinimide
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Additions of lodonium and Bromonium lons ]OCArticle

(844 mg, 3.8 mmol) after 16 h gave upon chromatography 420 mg  N-(2,2,2-Trichloroethoxycarbonyl)-4-anti-hydroxy-8-anti-iodo-
(69%) of rearranged iodoalcoh8lLaat R; 0.43 (1:1 hexane/ethyl 6-azabicyclo[3.2.1]octane (21d) andN-(2,2,2-Trichloroethoxy-
acetate):'H NMR (400 MHz, CDC}, 60°C) 6 4.17 (br, 1H, H), carbonyl)-5-anti-hydroxy-6-synriodo-2-azabicyclo[2.2.2]octane
414 (d,J = 7.1 Hz, 2H), 4.06 (ddJ) = 4.4, 4.4 Hz, 1H, H), 3.99 (32e).By the usual procedure, alkeBd (445 mg, 1.6 mmol) at 0
(dd,J = 4.8, 4.4 Hz, 1H, H), 3.49 (ddd,J = 10.3, 4.6, 1.2 Hz, °Cin 1:1 THF/water (20 mL) with NBS (557 mg, 3.1 mmol) at rt
1H, Hzy), 3.36 (d,J = 10.3 Hz, 1H, H,), 2.48 (br, 1H, H), 2.31 for 16 h afforded upon flash silica gel chromatography 105 mg
(m, 1H, Hy), 2.07 (br, 1H), 1.91 (m, 1H, &), 1.68 (ddd,J = (18%) of the rearranged bromoalcotadld at R; 0.67 (2:1 hexane/
15.8, 6.2, 1.0 Hz, 1H, H), 1.47 (m, 1H, Hy, 1.25 (t,J = 7.1 Hz, ether): *H NMR (400 MHz, CDC}) ¢ 4.84 and 4.66 (two dj =
1H, CHg); 3C NMR (100 MHz, CDC}) ¢ 153.6, 68.5 and 67.8, 12 Hz, 1H), 4.77 and 4.71 (two d,= 12 Hz, 1H), 4.34 and 4.31
61.4,57.0, 46.9 and 46.2, 39.5 and 38.6, 25.8, 23.5, 20.2 and 19.5(two t, J = 4.4 Hz, 1H, H), 4.22 (m, 1H, H), 4.10 (m, 1H, H),
14.6; HRMS m/z 326.0256, calcd for gH;7NOsl (M + H) 3.63 and 3.56 (ddd] = 10.4, 5.6, 1.2 Hz, H, ), 3.53 and 3.46
326.0253 andn/z 348.0075, calcd for GHigNOsNal (M + Na) (two d,J = 10.8 Hz, 1H, H), 2.60 (br, 1H, H), 2.37 (m, 1H, H),

348.0073. 1.95 (m, 1H, H), 1.77 (dd,J = 15.6, 6.0 Hz, 1H, H), 1.58 (m,
N-(Benzyloxycarbonyl)-4exc-hydroxy-8-anti-iodo-6-azabicyclo- 1H, H); 3C NMR (100 MHz, CDC}) ¢ 151.8, 95.6 and 95.3,
[3.2.1]octane (31b) andN-(Benzyloxycarbonyl)-5exo-hydroxy- 74.9,68.9 and 68.1, 57.2, 47.8, 46.5 and 46.3, 38.1 and 37.4, 25.6,

6-endaiodo-2-azabicyclo[2.2.2]octane (32b). (a) THF/Water. 21.2; HRMSm/z 401.9022, calcd for H13BrCsNOsNa (M +
According to the general procedure, alke3t®® (1 g, 0.4 mmol) Na) 401.9042. Also obtained was 84 mg (14%) of the unrearranged
in a 2:1 THF/water (48 mL) andll-iodosuccinimide (1.85 g, 8.2  bromoalcohol32e at R; 0.48 (2:1 hexane/ether)*H NMR (400
mmol) was stirred at room temperature for 16 h. Workup and MHz, CDCk) ¢ 4.70 (q,J = 11.6 Hz, 1H), 4.67 (s, 1H), 4.29 and
chromatography gave 407 mg (26%) of the rearranged iodoalcohol4.26 (two br, 1H, H), 4.23 (ddd,J = 3.6, 1.6 Hz, 1H, H), 3.90
31lbatR: 0.34 (6:4 hexane/ethyl acetate) and 548 mg (35%) of the and 3.87 (two tJ = 2.2 Hz, 1H, RK), 3.53 and 3.43 (ddd] =
unrearranged iodoalcoh8Rb at R 0.29 (1:1 hexane/ethyl acetate). 11.6, 2.4, 2.4 Hz, 1H, k), 3.47 and 3.38 (dd) = 11.6, 2.8 Hz,
For the rearranged iodoalcoh@lb: *H NMR (500 MHz, CDC}) 1H, Hg), 2.20 (br, 1H), 1.96 (m, 2H), 1.77 (m, 1H), 1.47 (m, 1H);
0 7.35 (s, 5H), 5.11 (s, 2H), 4.27 and 4.21 (two br, 1H), 4.1 and 13C NMR (100 MHz, CDC}) ¢ 151.8, 105.2, 78.9/78.7, 75.0, 56.8/
4.04 (two br, 1H), 4.04 and 4.00 (br, 1H), 3.52 (m, 1H), 3.40 (m, 56.7, 52.1/51.7, 46.7/46.5, 33.9/33.8, 26.6/26.3, 15.6; HRVS
1H), 2.50 (br, 1H), 2.27 (m, 1H), 2.19 (m, 1H), 1.90 (m, 1H), 1.63 401.9024, calcd for H;3BrCzsNOzNa (M + Na) 401.9042.

(m, 1H); 'H NMR (400 MHz, DMSO, 100°C) ¢ 7.31 (s, 5H), .
5.07 (s, 2H), 4.14 (dd] = 4.2, 4.0 Hz, H), 4.00 (dd,J = 4.1, 4.2 Acknowledgment. Acknowledgment is made to the Donors
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(ZI\?IE— a?éSan 4%)3{'_;11’/ZH4R1'\(;|%ﬂ?iﬁgg%fgﬁd ’I‘Oé ﬁ\'l_gg(';\l/loi Supporting Informatio_n Available: General experimental and
Na) 410.0223. For the unrearranged iodoalccd: 4 NMR  Procedures for preparation 88b, 14b—d, 17¢ 18¢ 8b, 21a 21d
(300 MHz, CDCY) 6 7.36 (m, 5H) 2 om 1K) ant 512 (i~ 328 27,306 31a 31b, 31cd/326d, 33ab, 34a 35, 36 Gaussian
12.3 Hz iH) 4.54 (rﬁ 1H) '431 and 4.22 (two m 1|'_|) 4.09 and 28 derived energies for structures related to those in Mechanistic
4 66 (twlo t.J _ 2 5 HzllH) '3 '53 (m lH.) 345 (dd’= 11’7 '2 7 S_chem_e 6 and fo_otnote 18 are tabulated in the supplement; X-ray
Hz 1H), 3 06 (br' 1H)’ 1.99 (ﬁ1 4H),1 48 (n.1 1H§C’ NMR ('10'0 diffraction analysis ofN-methyl bromohydrin27 and N-ethoxy-
MHz Cbél) h) 1‘55 6’arl1d 155’4 1’36'8 and’ 136.5. 128.4. 127.9 carbonyl iodohydrir81a, copies of'H NMR and3C NMR for all

. . ) A : 2 n ¥* new compounds. This material is available free of charge via the
127.7, 80.7 and 80.6, 67.1 and 67.0, 53.0 and 52.5, 46.5, 35.1 an nternet at http://pubs.acs.org
34.9, 34.2, 27.2 and 27.0, 15.4; HRMSz 410.0237, calcd for ' T
CisH1gNOsINa (M + Na) 410.0229. JO702153Q
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