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Abstract: Two preparatively attractive methods for the azidation of alkyl radicals are described. Secondary

and tertiary alkyl iodides and dithiocarbonates are easily converted into the corresponding azides, either by
reaction with ethanesulfonyl azide in the presence of dilauroyl peroxide, or by treatment with benzenesulfonyl

azide and hexabutylditin in the presence of a radical initiator. Interestingly, intramolecular tandem radical

cyclization—azidation processes can be performed in high yields.

Introduction of carbon-carbon bonds involving the fragmentation of ethane-,
methane- and trifluoromethanesulfonyl radicals as the key step.
A . . These procedures are either based on iodine and xanthate
groups and their high potential to perform sequential transfor- transfers from ethyl and methyl radicals or hydrogen atom

ma;;zrlliutnde; rr{:ltlg i?nflmolsté::ﬁl uisr? ?f:e%rgdlr(izﬁl rtiicnolnssttransfers from trifluoromethyl radicals. On the basis of similar
S'ep syninesis has y Increased during these la concepts, we envisaged to develop an intermolecular radical
years. The majority of the work concerns the formation of

b b d carborvd bonds. The f ti f azidation process of iodides and dithiocarbonates using ethane-
carbon-carbon and car ydrogen bonds. The formation o sulfonyl azide as reagent (Scheme 1, eq 1). Ethanesulfonyl azide,
carbon-heteroatom bonds from carbon-centered radicals is also

Owing to their compatibility with a large number of functional

well-documented when the heteroatom is sulfur, halogen, and EtSO,N, (3-5 equiv)
oxygen! On the other hand, radical aminations are far less R—I - R—Ng ()
explored despite their importance for the preparation of biologi- DLP (0.35-1 equiv)

cally active compounds.Since azides are very versatile DLP = dilauroy! peroxide

precursors of amines, we decided to develop an azidation

procedure based on the observation that traces of alkyl azideseasily prepared from ethanesulfonyl chloride and sodium azide,
were built during Curtius-type rearrangements of sulfonyl azides. js a stable liquid that can be heated at 180 without
Their formation was rationalized from the reaction of alkyl decomposition. However, since sulfonyl azides are capable of
radicals with Sulfonyl azide¥We report here two efficient and exp|0dir\gl itis Strong|y recommended to app|y standard Safety
practical approaches for the azidation of alkyl radicals using ryles and to use a safety shield. The crucial step of this process

sulfonyl azides as radical traps. is the addition of the alkyl radical in the or y position of the
) ) azido moiety to give a 1,3- and/or a 3,3-triazenyl radical
Results and Discussion (Scheme 1§:° These radical intermediates should fragment to
Tin Free Radical Azidation with Ethanesulfonyl Azide. liberate the corresponding alkyl azide and the ethanesulfonyl

Recently, Zard, Fuchs? and KinY have reported the formation radical. After sulfur dioxide extrusion, the ethyl radical can
' ' ' propagate the chain by an atom or group transfer process. The

¥ Address correspondence to this author. initiation step is a crucial point for the success of the reaction.
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Scheme 1.Radical Azidation with Ethanesulfonyl Azide Table 1. Radical Azidation of Alkyl lodides According to Eq 1
Initiation
(n-C11H35CO)s A 1-CyiHpze + COp Entry R-1/ R—Nj; Method®  Yield [%]
n-CyiHaze + R-X === n-CyqHasX + Re (a)
L, COOX A 84
or/and

1: X =1 (cis/trans 59:41)
n-CyiHaze + N3-SO,Et  ——=  n-CyqHpg-N3 + SO, + Ete (b) 2: X =N (cis/trans 54:46)

Propagation

PR
R-N-N=N—SO,Et 2 Tos—O—x A 81
A

Re + N=N=N-SOyEt —= or/anF? 3X=1
N=N-N 4: X =N;
[N
— > R-N; + EtSO, SO,Et
3 o) B 80
EtSOpe > Ete + 80,
H
X
Ete + R-X Z—> Et-X + Re 5:X =1 (exo0)
6: X =Nj (exo/endo 74:26)
Early studies using cyclohexyl iodide with AIBN failed to give Me
the desired azidation products, presumably due to the stability 4 B 77
(no iodine atom transfer with cyclohexyl iodide) and the lack °©
of nucleophilicity (no reaction with ethanesulfonyl azide) of the ¥ H
2-cyanoprop-2-yl radical generated from AIBN. Therefore, an 7.X =1 (exo)

initiator that gives nucleophilic radicals such as dilauroyl 8: X = N; (exo/endo 80:20)

peroxide (DLP), which has been used with much success by

Zard in reactions involving iodides and dithiocarbon#tesd

more recently by us for iodine atom transfétss a perfect 5 OE\ A 77 (87)°
candidate to perform such transformations. The undecyl radical X

delivered by DLP is expected to react with the radical precursor 9. X =1

to initiate the chain reaction (Scheme 1, pathway a). Reaction 10: X =N;
of the undecyl radical with ethanesulfonyl azide is also possible
(Scheme 1, pathway b). Small amounts of undecyl azide were 6  E0O B 24
isolated at several occasions confirming this hypothesis. E10OC X
Reaction of alkyl iodides with ethanesulfonyl azide and DLP H:X =1
affords the corresponding alkyl azides (eq 1, Table 1). The 12: X =N,

azidation of cyclic secondary iodides §nd3) was carried out

with 3 equiv of ethanesulfonyl azide and a substoichiometric H

amount of DLP in a refluxing mixture of chlorobenzene and 7 B 60
heptane (method A, entries 1 and 2). In most cases, a high level gj\/(}zo

of conversion was observed with less than 0.5 equiv of DLP. X H

However, the use of 0:61.0 equiv of DLP is sometimes 13: X =1

necessary to reach a complete conversion. Sterically more 14: X =Nj (exolendo 84:16)

hindered secondary cyclic iodides suctbasd7 are efficiently

converted into azides by treatment with 5 equiv of ethane- g %\ B 56
sulfonyl azide in chlorobenzene at 100 (method B, entries 3 OH

and 4). For these substrates and for the iodolactbB8esd15, o Y

the use of heptane as cosolvent is not judicious because it favors
the formation of reduction products. With tertiary iodides, a
rapid and total conversion &was reached by using only 0.35
equiv of initiator (method A, entry 5) and led to the tertiary aMethod A: EtSQNs (3 equiv) in refluxing chlorobenzene/heptane
azide10in high yield (87% yield according t¢H NMR, 77% (1:1), DLP (0.35-1 equiv) as initiator. Method B: EtS®; (5 equiv)
isolated yield). The primary alkyl iodid&él was converted into in chlorobenzene at 10TC, DLP (0.35-1 equiv) as initiator® Yield

the azide12 in only 24% yield (method B, entry 6). The according totH NMR.

inefficiency of this reaction is caused by the nearly thermo- inieresting synthetic intermediates and perfect candidates for
neutral iodine atom transfer between the ethyl radical and the o 57igation process. Under optimized conditions, the iodo-

primary alkyl iodide as well as by the lower nucleophilicity of  |5ctones13 and15 gave the azides4 and16in 60% and 56%

primary alkyl radicals relative to secondary and tertiary ones. yie|q respectively. For these two substrates, the presence of

lodides resulting from iodolactonization processes representﬁ_acybxy groups reduces the nucleophilic character of the
(10) Zard, S. ZAngew. Chem. Int. E.997, 36, 672. in.termediate radicals and as a consequence makes the reaction
(11) Ollivier, C.; Bark, T.; Renaud, FSynthesi200Q 1598. with the ethanesulfonyl azide less efficiédt-or the substrate

15: X =1 (exo)
16: X =Nj3 (exo0)




Azidation of Alkyl Radicals with Sulfonyl Azides

15, it is of interest to mention that the classical ionic substitution
reaction with sodium azide failed to give the corresponding
azide. Indeed, afte8 h in DMF at 70°C, no trace of the azide
16 was detected and only partial recovery (69%) of the starting
material was possible.

As we have shown recently, carbecarbon bond formation
under iodine atom-transfer conditions can be efficiently pro-
moted by a substoichiometric amount of dilauroyl peroxitie.

As a consequence, sequential reactions involving a radical

cyclization followed by an azidation process should be feasible.
The allylic iodoacetat&7 gave upon treatment with DLP (10%
mol) in benzene under dilute conditions the bicyclic iodie
Without isolation, the crude iodid®e was immediately treated

AcO
with 5 equivs of ethanesulfonyl azide in chlorobenzene at 100 Aco&&/scsoa

°C and the desired bicyclic secondary az&leas isolated in
80% vyield from17 as a 74:26 mixture of two diastereoisomers

(eq 2).

00  DLP (10 moi%) O)z o

_
\E benzene | SN
I reflux :

17 5

) wO
EtSO,N; (5 equiv) /EO @
_ = L e,
DLP
PhCl, 100°C

DLP = dilauroyl peroxide 6 (80%, exo/endo 74:26)

As reported by Zard? dithiocarbonates are also suitable

J. Am. Chem. Soc., Vol. 123, No. 20, 2009

NC CgH EtSO,Nj5 (5 equiv) NC. CgH
sH13 2D3Lf3 quiv) \/Y sHiz -
N
SCSOEt PhCI, 100°C 8
18 1985%
EtOOC oR  EtSO:Ns (5 equiv) EtOOC\/\(\OR @
SCSOEt DLP N3
PhCI, 100°C
20 (R = OE) 21 (R = OEt, 67%)
22 (R = OAQ) 23 (R = OAc, 72%)

EtSO,N3 (5 equiv)

DLP
PhCl, 100°C

AcO (5)

AcO
AcO
N3

24 25 74%

side products derived from DLP such as undecyl azide. Long
reaction times £12 h) are often necessary for completion of
the azidation. This is due to the relative inefficiency of the chain
process. Finally, different attempts to achieve cascade reactions
involving radical cyclization and azidation processes in a one-
pot procedure failed. Therefore, we decided to look for an
alternative azidation procedure that could solve some of these
drawbacks.

Ditin-Mediated Radical Azidation with Benzenesulfonyl
Azide. The reaction of ditin derivatives with sulfonyl radicals
affords stannyl radicals that could ideally sustain a chain
reaction® This reaction is far more promising that the common
use of tin hydridé? allylstannané/ silanes'® or Barton

precursors for radical group transfer reactions. Therefore, we thiohydroxamic estet8to sustain a chain reaction. Indeed, ditin
expected them to be also suitable substrates for the azidationderivatives are inert toward alkyl radicals and no competing
process. This hypothesis was tested first with the dithiocarbonatereaction such as the direct reduction of the intermediate alkyl

18, prepared by radical addition & (cyanomethyl)O-ethyl
carbonodithioate to 1-octerié Treatment ofl8 with ethane-
sulfonyl azide under classical conditions affords the aZifle
in 85% isolated yield (eq 3). Other dithiocarbonates suckOas
and 22 react with ethanesulfonyl azide to gid and 23 in
67% and 72% yield, respectively (eq 4). In a similar way, the
anomeric dithiocarbona®, easily obtained by the nucleophilic
substitution ofa-bromo-2-desoxyglucose derivative with the
commercially available potassiu@rethyl xanthaté? gives the
anomeric azid®5 as a singlex-anomer in 74% yield (eq 5%
Interestingly, the preparation of sugkanomeric azides is much
more difficult than that of thef-isomers when classical
nucleophilic substitution approaches are employfédoreover,

radical is expected. Therefore, we decided to replace ethane-
sulfonyl azide by benzenesulfonyl azide and to use hexa-
butylditin as chain transfer reagent. Because of the instability
of the phenyl radical, the intermediate benzenesulfonyl radical
does not lose SO The proposed chain reaction is described in
Scheme 2 (eq 6). The initiation of this process is critical: when

PhSO,N3 (3 equiv)

(BusSn), (1.5 equiv)
hv {method C) or

DTBHN (method D)

(6)

kY
|

R_Ns

DTBHN = -BuO-N=N-Ot-Bu

such anomeric azides are useful intermediates for the preparatiorlkyl iodides are used as radical precursors, the reaction can be

of biologically importantN-linked glycoconjugates.
This first approach for the azidation of carbon-centered
radicals is complementary to the well-established electrophilic

initiated by irradiation with a 300 W sun lamp (method C).
However, thermal initiation (80C) with di-tert-butylhypo-

(15) Radical allylation of alkyl halides with allyl sulfones in the presence

and nucleophilic azidation procedures. Secondary and tertiary of a ditin derivatives: Keck, G. E.; Tafesh, A. M. Org. Chem1989 54,

iodides and dithiocarbonates are easily converted to the corre-

sponding azides under tin free conditions. However, we notice
that the purification of the final azides may be problematic when

5845. Ward, D. E.; Gai, Y.; Kaller, B. Rl. Org. Chem1995 60, 7830.
Ponta, F.; Magnusson, Gl. Org. Chem1996 61, 7463. For free radical
acylations with benzenesulfonyl oxime ethers and nitroalkylations with
benzenesulfonyl silyl nitronates, see: Kim, S.; Lee, I. Y.; Yoon, J.-Y.; Oh,

they are apolar. Indeed, they are contaminated with other apolarD. H. J. Am. Chem. S0d.996 118 5138. Kim, S.; Yoon, J.-Y.; Lee I. Y.

(12) The 2-alkoxy (of-alkoxy) effect is well-known in radical reactions.
Indeed, the nucleophilicity of alkyl radicals is altered by the presence of a
vicinal alkoxy substituent. Quiclet-Sire, B.; Zard, S.Z.Am. Chem. Soc.

1996 118 9190 and references cited therein. As suggested by a referee,

the 8-oxygen effect retards reactions when the alkyl radical acquids a

Synlett1997 475. Jeon, G.-H.; Yoon, J.-Y.; Kim, S.; Kim, S. Synlett
200Q 128. Kim, S.; Yoon, J.-Y.; Lim, C. JSynlett200Q 1151.

(16) Padwa, A.; Kline, D. N.; Murphree, S. S.; Yeske, P.JEOrg.
Chem.1992 57, 298. Ward, D. E.; Gai, Y.; Kaller, B. Fl. Org. Chem
1995 60, 7830.

(17) Ryu, |.; Kuriyama, H.; Minakata, S.; Komatsu, M.; Yoon, J.-Y.;

charge at the transition state. This is clearly the case for the radical azidationKim, S. J. Am. Chem. S0d.999 121, 12190.

with sulfonyl azides.

(18) Chatgilialoglu, C.; Alberti, A.; Ballestri, M.; Macciantelli, D.;

(13) The stereochemistry is in accordance with related radical reactions Curran, D. P.Tetrahedron Lett1996 37, 6391.

involving anomeric radicals: Giese, B.; DupuisAhgew. Chem., Int. Ed.
1983 22, 622.

(14) Soli, E. D.; DeShong, PJ. Org. Chem.1999 64, 9724 and
references cited therein.

(19) (a) Barton, D. H. R.; Crich, DOl. Chem. Soc., Perkin Trans1986
1613. (b) Padwa, A.; Murphree, S. S.; Yeske, PT&rahedron Lett199Q

31, 2983. (c) Padwa, A.; Kline, D. N.; Murphree, S. S.; Yeske, PJE.
Org. Chem.1992 57, 298.
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Scheme 2.Radical Azidation with Benzenesulfonyl Azide Table 2. Radical Azidation of Alkyl Halides and Dithiocarbonates

Initiation (method C) with PhSQN3; According to Eq 6

hv

R-X ———= Re + 12X, R-1/ R-Nj Method* Yield [%)]
Initiation (method D) Tos—@—X C 77 (from 3)
tBUO-N=N-OtBu & _  2tBuOs+ N, D 89 (from 3)
3:X=1 C — (from 26)
tBuO e+ + (BugSn)y ——m — = t-BuO-SnBuz + BuzSn e 26: X =Br b
4 X =N, D 32 (60)’ (from 26)
Propagation
C 30
Re + PhSONg — o R-Nj+ PhSO,e @:S‘MX
PhSO,* + (BU3Sn)2 —_—_— PhSO,-SnBug + BusSn ¢ o) D 34
BugSne* + R-X ——— BusSn-X + R« 27X =1
28: X =N3

nitrite?® (DTBHN) (method D) proved to be more effective. The 0
efficacy of this approach is due to the well-documented reaction 0
of tert-butoxyl radicals with hexabutylditift £ H °© D 55

The scope and limitation of this approach has been studied 13: X =1
for different radical precursors according to eq 6 and the results 14 x = N; (exo/endo 84:16)
are summarized in Table 2. The two initiation procedures were
tested first with a precursor of a secondary alkyl radical. The Ac
cyclic iodide 3 was converted into the corresponding azide A% X
by treatment with 3 equiv of benzenesulfonyl azide and 1.5 Y D 70
equiv of hexabutylditin in benzene. Under irradiation with a 4. x = 5csOEt, Y=H
sun lamp (Method C), a yield of 77% was obtained. Under  25:X=H,Y=N;
thermal initiation with DTBHN, the yield was enhanced to 89%.
This difference could result from the partial decomposition of AcO
benzenesulfonyl azide during the irradiatf@ninterestingly, ACA%O&%/X
under thermal conditions, the reaction is clean and fadt f) AcOy D 37
and the purification of the product is easier than in the tin free

) / . 29: X = SCSOEL, Y=H

procedure described previously (vide supra). As expected, the 3 X=H Y=Ns
cyclic secondary alkyl bromide26 failed to react under
irradiation. However, with DTBHN, the azidation proddcivas aMethod C: PhSEN; (3 equiv) and (BsSn), (1.5 equiv) in benzene
obtained in 32% vyield (60% after correction for recovered at room temperaturdw as initiator. Method D: PhSf; (3 equiv)
starting material). This yield was determined fréfhNMR of and (BuSn) (1.5 equiv) in benzene at 8@, DTBHN (catalyst) as

an unseparable 58:42 mixture of unreacted starting brogde  Nitiator. ® Yield according to'H NMR.

and azided. The low conversion is attributed to a side reaction
of the stannyl radical with benzenesulfonyl azide leading to
consumption of the azidation reagent. The use of primary alkyl
iodides such a27 was also investigated by using both the

Tandem Radical Cyclization—Aazidation ProcessesOne
of the most attractive applications of the radical azidation
process is to combine intramolecular carb@arbon formation

. o N ) . . with the azidation in a one-pot procedure. For instance, the
irradiation and DTBHN initiation techniques. Similar yields of 040 oot (dr 1:1) was treated in a one-pot procedure
30% and 34% were obtained, respectively. These results SUpPOry i, henzenesulfonyl azide (3 equiv) and hexabutylditin (1.5
our hypothesis that the addition of primary alkyl radicals 0 g0, i) with DTBHN as radical initiator (Method D) and the
sulfcljnylhlet_mdes 'Sd slowe:j thaf‘ thelkrtleacgpn |°f the more bicyclic azide32 was obtained in 77% yield (eq 7). Remarkably,
nuc eoF’ e SGCQ“ gry and tertiary alkyl radicals. ) each diastereomer &1 gives a completely diastereoselective
The iodolactonization produd3 was converted to the azide  reaction and the azidation prodi&2 consists of a 1:1 mixture
14 in a yield similar to the one obtained with ethanesulfonyl of 323 and 32b (the reaction were not conducted with single
azide (55% yield). Thg-anomeric dithiocarbonatet and29 diastereomers 081 because they could not be separated by
afforded the a-azide 25 and 30 in 70% and 37% vyield,  column chromatography). The relative stereochemistry of the
respectively. This again demonstrates the detrimental steric ancyo jsomers was determined by NOE experiments. The stereo-
electronicp-alkoxy effect!? chemical outcome of the reaction can be explained with the
(20) Kiefer, H.; Traylor, T. GTetrahedron Lett1966 49, 6163. DTBHN m’: gggf;:'om” ;tize_sen;otﬂid zrr‘]‘li‘é"rh:rgfg ;Otrr‘;%r;“ d@;@gff
decomposes with a half-life time of 29 min at 66 to give tert-butoxyl ! < Ximiz ! : 1axi
radicals and nitrogen. It is a stable solid, easily prepared frentrbutyl disposition between the ethoxy and the methoxycarbonyl groups
grorﬂlcille gnchgrr:mﬁrc(ljally aLv?t”fgé% S;fltirglhygonf't”ttﬁ (Aldrich): tMen- also characterizes both transition states. The cyclohexene ring
ennall, G. D.letranedron Le y . FOr turther preparation : : : . :
details, see: Banks, J. T.: Scaiano, J. C.: Adam, W.: Oestrich R /8. adopfts_, a conformation that aIIO\_/vs the cyc_hzatlon via a boatlike
Chem. Soc1993 115, 2473. transition state (modeA) and via a chairlike transition state

(21) The reaction of hexaalkylditin wittert-butoxyl radicals generated (modelB).
thermally or photochemically from dert-butyl peroxide is known: Neu-
mann, W. P.; Rbsamen, K.; Sommer, RChem. Ber.1967 100, 1063. (23) Beckwith, A. L. J.; Page, D. MJ. Org. Chem.1998 63, 5144.
Watts, G. B.; Ingold, K. UJ. Am. Chem. S0d.972 94, 491. Villar, F.; Renaud, PTetrahedron Lett1998 39, 8655. Villar, F.; Equey,

(22) Reagan, M. T.; Nickon, AJ. Am. Chem. S0d.968 90, 4096. O.; Renaud, POrg. Lett.200Q 2, 1061.
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oy coOMe
PhSO,Nj (3 equiv) OFt
2Ng (3 equiv, :
@\'ICOOMG (BugSn), (1.5 equiv) a © 32a
drt:1 (7)
BUON=NOBu (cat.
0" Om Benzene( ) §3H COOMe
31,dr1:1 77% L g +OFt
i 32
OEt EtO
-9
\© COOMe Pome

A B

The iodoacetaB3 provides the corresponding tertiary azide
34 in high yield as anenddexo 61:39 mixture of diastereo-
isomers (eq 8). Under similar conditions, the iodoac@fajave
the primary azide36 (endo/exo 85:15) in 42% vyield (eq 9.
This result (moderate yield of primary azide) supports further
the low reactivity of primary alkyl radicals with sulfonyl azides.

(O )
33

PhSO,N; (3 equiv)
(BuaSn), (1.5 equiv)

BUON=NOBu (cat.)

Benzene H
91% exo-34
| PhSO,N; (3 equiv) H o Ne
Q /‘/ (BusSn), (1.5 equiv) m ©
9
BuON=NOBuU {cat.) f 6
S Benzene & 85: 15 0 i ©
35 42% endo-36 exo-36

Finally, we have shown that the primary (iodomethyl)-
dimethylsilyl ether37 is also a suitable precursor for such
cyclization—azidation process. Under Method D, the iod&i
gave the unstable cyclic silyl ethé8 that is immediately
converted by treatment with MeLi into the cylohexanol deriva-
tive 39 in 67% overall yield (trans/cis 86:14) (eq 10).

N
| PhSO,N, (3 equiv) °H
@ |/ (BugSn), (1.5 equiv) 7 si”
. {
O’S\'\ BUON=NO1Bu (cat.) ~0
Benzene H

38

37
N3
SiMes

MeLi C(\
_— e -
OH

39, 67%, trans/cis 86:14

(10

Conclusion

We have reported here two efficient methods for the azidation
of secondary and tertiary alkyl radicals generated from iodide

(24) For the stereochemical outcome of closely related reactions, see:
Torii, S.; Inokuchi, T.; Yukawa, T.J. Org. Chem.1985 50, 5875.
Hackmann, C.; Scher, H. J. Tetrahedron1993 49, 4559. Cossy, J.;
Ranaivosata, J.-L.; Bellosta, Vetrahedron Let994 35, 8161. Engman,

L.; Gupta, V.J. Org. Chem1997 62, 157. Terstiege, |.; Maleczka, R. E.,
Jr.J. Org. Chem1999 64, 342. Beckwith, A. L. J.; Page, D. M.etrahedron
1999 55, 3245.
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and dithiocarbonates. The first method using ethanesulfonyl
azide possesses the great advantage of being a tin free procedure
but is somewhat limited by long reaction times and formation
of apolar side products (particularly undecyl azide) that are
difficult to remove from the products when apolar substrates
are used. The second approach uses ditin to sustain the chain
reaction. It is rapid and extremely efficient to run sequential
reactions involving a cyclization process immediately followed
by an azidation step. Interestingly, sulfonyl azides are slow
radical traps and the cylization reactions are easily achieved in
a one-pot procedure where all the reagents are mixed together
at the beginning of the reaction. This novel type of radical chain
reactions is expected to find applications for the synthesis of
alkaloids and other nitrogen-containing compounds.

Experimental Section

General Techniques THF was freshly distilled from K under J\

Et,O from sodium-benzophenone; and £Hb, 1,2-dichloroethane,
benzene, and Bl from CaH, under N. Other reagents were obtained
from commercial sources and used as received. Flash column chro-
matography (FC): Macherey-Nagel silica gel (0.663200 mm) and
Lobar column Fluka silica gel (0.640.063 mm). Filtration: Macherey-
Nagel silica gel (0.0630.200 mm); AcOEt, BED, and hexane as
eluents. Thin-layer chromatography (TLC): Baker silica gel 2544V
analytical plates; detection either with UV or by spraying or dipping
in a solution of KMnQ (3 g), K.CO; (20 g), and NaOH 5% (3 mL) in
H,O (300 mL) and subsequent heating. Mp: not corrected; Reichert
Thermovar Kofler hot stage apparatus. IR spectroscopy: Perkin-Elmer
16PC. FT-IR spectroscopy: Mattson Unicam 5000. NMR spectros-
copy: Varian Gemini 200*H = 200 MHz,*3C = 50.3 MHz), Bruker

AM 360 (*H = 360 MHz, 3C = 90.5 MHz), Bruker advance DRX
500 (H = 500.13 MHz,3C = 125.8 MHz); chemical shifd in ppm
relative to tetramethylsilane) (= 0 ppm) or CHC} for H (6 = 7.26
ppm) and CDJ for 3C (0 = 77.0 ppm). MS: Vacuum Generators
Micromass VG 70/70E and DS 11-250; Cl (QHEI (70 eV); m/z

(%), FAB: in 2-nitrobenzyl alcohol with Ar at 8 KV. High-resolution
mass spectra (HRMS) were recorded on a FTICR mass spectrometer
Bruker 4.7T BioApex Il. Optical rotation: Perkin-Elmer 241 MC.
Elementary analysis: llse Beetz, Microanalytisches Laboratorium,
D-8640 Kronach (Germany).

Caution: Sulfonyl azides are capable of exploding, it is strongly
recommended to apply standard safety rules and to use a safety shield.

Procedure A.DLP (20 mg, 0.05 mmol) was added eyer h to a
refluxing solution of the iodide (1.0 mmol) and ethanesulfonyl azide
(0.31 mL, 3.0 mmol) in heptane/chlorobenzene (1:1, 4 mL) under N
The reaction was monitored by GC or TLC. Upon completion, the
solvent was removed under reduced pressure and the residue was
purified by FC (hexane/AcOEt).

Procedure B.DLP (20 mg, 0.05 mmol) was added eyer h to a
solution of the iodide or the dithiocarbonate (1.0 mmol) and ethane-
sulfonyl azide (0.52 mL, 5.0 mmol) in chlorobenzene (2 mL) at 100
°C under N. The reaction was monitored by GC or TLC. Upon
completion, the solvent was removed under reduced pressure and the
residue was purified by FC (hexane/AcOEt).

Procedure C. A solution of iodide (1.0 mmol), benzenesulfonyl
azide (550 mg, 3.0 mmol), and (BSn) (0.76 mL, 1.5 mmol) in
benzene (2 mL) was irradiated at room temperature with a 300 W sun
lamp placed 10 cm from the reaction vessel. The reaction was monitored
by TLC. Upon completion, the solvent was removed under reduced
pressure, the crude product was filtered through silica gel (hexane, then
hexane/AcOEt), and the combined fractions were concentrated in vacuo.
The residue was purified by FC (hexane/AcOEt).

Procedure D.DTBHN? (5 mg, 0.03 mmol) was added every 2 h
to a solution of the iodide or the dithiocarbonate (1.0 mmol),
benzenesulfonyl azide (550 mg, 3.0 mmol), ands®w (0.76 mL,

1.5 mmol) in benzene (2 mL) at reflux under.Nlhe reaction was
monitored by TLC. Upon completion, the solvent was removed under
reduced pressure, the crude product was filtered through silica gel
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(hexane, then hexane/AcOEt), and the combined fractions were
concentrated in vacuo. The residue was purified by FC (hexane/AcOEt).

Procedure E.DLP (20 mg, 0.05 mmol) was added eyet h to a
refluxing solution of the iodide (1.0 mmol) in dry benzene (40 mL)
under N. The reaction was monitored by TLC. Upon completion, the

dli and Renaud

1 (major, more polar): colorless crystals. Mp 4. *H NMR (500
MHz, CDCL) 6 4.93-4.89 (n, 1H), 4.5+-4.43 (m, 1H), 2.22-2.16
(m, 2H), 2.07 6 3H), 1.98-1.82 (m, 4H), 1.76-1.70 (m, 2H). 3C
NMR (50 MHz) 6 170.0, 69.9, 34.5 (2CHj, 30.1, 29.8 (2CH), 21.1.

1 (minor, less polar): colorless oitH NMR (500 MHz) 6 4.84—

solvent was removed under reduced pressure and the residue wag.79 m, 1H), 4.34-4.26 (m, 1H), 2.28-2.19 (n, 2H), 2.03-1.90 (M,
dissolved in chlorobenzene (2 mL). Ethanesulfonyl azide was added 4H), 2.02 §, 3H), 1.571.50 (n, 2H). *3C NMR (50 MHz) 6 169.9,

(0.52 mL, 5.0 mmol) and the reaction mixture was heated at°000
Further portions of DLP (20 mg, 0.05 mmol) were added every 1 h.

69.4, 35.6 (2Ch), 31.1 (2CH), 28.8, 21.1.
1 (mixture of diastereomers): IR (neat) 2949, 2864, 1734, 1442,

Upon completion, the solvent was removed under reduced pressure1363, 1244, 1037 crm. MS (El, 70 eV)miz (%) 268 (M, 12), 141

and the residue was purified by FC (hexane/AcOEt).

Procedure F1* DLP (20 mg, 0.05 mmol) was added eyéx h to a
refluxing solution of the iodide (1.0 mmol) in dry benzene (40 mL)
under N. The reaction was monitored by TLC. Upon completion, the

(M — 1, 86), 127 (24), 99 (91), 81 (100), 53 (18). Anal. Calcd for

CgH1310, (268.09): C, 35.84; H, 4.89. Found: C, 35.86; H, 4.93.
4-Azidocyclohexyl Acetate (2). 2was prepared according to

procedure A frond (268 mg, 1.0 mmol) and DLP (278 mg, 0.7 mmol).

solvent was removed under reduced pressure and the residue wasyo successive FC (hexane/AcOEt 90:10) ga\@54 mg, 84%) as a

purified by FC (hexane/AcOEt).

Procedure G2 DLP (8 mg, 0.02 mmol) was added eyez h to a
refluxing solution of the dithiocarbonate (1.0 mmol) and the olefin (2.0
mmol) in dry 1,2-dichloroethane (1 mL) under.Nrhe reaction was
monitored by TLC or*H NMR. Upon completion, the solvent was

removed under reduced pressure and the residue was purified by FC

(hexane/AcOEt).

1-Ethanesulfonyl Azide.A solution of NaN (9.48 g, 0.146 mol)
in H,O (60 mL) was added dropwise at @ to a solution of
ethanesulfonyl chloride (8.9 mL, 94.0 mmol) in acetone (200 mL). The

mixture was stirred overnight at room temperature. The acetone was

removed under reduced pressure and the resulting aqueous phase w
extracted with AcOEt (200 mL), washed with® (2 x 100 mL), 5%
N&CO; (2 x 100 mL), and water (% 100 mL), dried over MgS@

and concentrated in vacuo. The residue was purified by distillation under

reduced pressure (0.8 mbar) and gave 1-ethanesulfonyl azide (11.08
87%) as a colorless liquid. Bp 6C (0.8 mbar). & 1.29. IR (neat)
2987, 2947, 2887, 2137, 1458, 1359, 1288, 1157, 1049, 781 éhh
NMR (360 MHz, CDC}) 6 3.35 @, J= 7.3 Hz, 2H), 1.51¢(J=7.3

Hz, 3H).%3C NMR (50 MHz, CDC}) 50.5, 8.0. MS (ClI, Ch) m/z (%)
136 (MH", 100), 93 (M — Nas, 20). Anal. Calcd for @HsNzO.S
(135.14): C, 17.78; H, 3.73; N, 31.09. Found: C, 17.83; H, 3.81; N,
31.00.

Benzenesulfonyl Azide. Caution: Pure benzenesulfonyl azide
decomposes rapidly but quietly upon warming to approximately 105
°C but crude product detonatesolently upon heating> Benzene-
sulfonyl azide was prepared according to previous procedure from
benzenesulfonyl chloride (12.05 mL, 94.0 mmol) and N#&®48 g,
0.146 mmol). The residue was purified by precipitation in hexap&/Et
10:1 at—78 °C and gave benzenesulfonyl azide (15.9 g, 92%) as a
colorless liquid. Physical and spectral data were in accordance with
literature dat&.IR (neat) 2347, 2129, 1583, 1477, 1450, 1369, 1313,
1298, 1171, 1087, 1024, 999, 750, 684 émH NMR (360 MHz,
CDCl) 6 7.96 {d, J = 7.3 Hz, 2H), 7.741 J = 7.3 Hz, 1H), 7.63
J = 7.3 Hz, 2H).

4-lodocyclohexyl Acetate (1). 1was prepared according to a
literature proceduf® from 4-hydroxycyclohexyl acetafé.Triphenyl-
phosphine (7.08 g, 27.0 mmol) and imidazole (1.84 g, 27.0 mmol) were
successively dissolved in GBI, (72 mL). The resulting mixture was
cooled to 0°C and b (6.85 g, 27.0 mmol) was added portionwise. The
solution was stirred 10 min at room temperature. A solution of
4-hydroxycyclohexyl acetate (2.36 g, 18.0 mmol) in £t} (18 mL)
was cannuled to the yellow resulting suspension. After the solution
was stirred fo 1 h atroom temperature, # (50 mL) was added. The
aqueous layer was extracted with &H (50 mL). The combined
extracts were washed with 10% 603 (50 mL), dried over MgSQ
and concentrated in vacuo. The solid residue was condensed on silic
gel and purified by FC (hexane/AcOEt 9:1) to afford an yellow oil as
a 83:17 mixture of the iodidel and the 4-acetoxycyclohexene.
Elimination of the alkene was achieved by bulb-to-bulb distillation{80
90 °C, 1 mbar) to affordl (2.59 g, 54%) as a 59:41 mixture of two
isomers {H NMR).

(25) Dermer, O. C.; Edmison, M. T.. Am. Chem. Sod.955 77, 70.
(26) Lange, G. L.; Gottardo, GSynth. Commuril99Q 20, 1473.
(27) Endo, K.; Seya, K.; Hikino, HTetrahedron1987, 43, 2681.

54:46 mixture of two isomerstfl NMR). Colorless oil.

2 (major, less polar):*H NMR (500 MHz, CDC}) ¢ 4.87-4.83
(m, 1H), 3.56-3.51 (n, 1H), 2.05 §, 3H), 1.88-1.81 (n, 2H), 1.78-
1.73 (n, 4H), 1.68-1.62 (m, 2H). *3C NMR (125 MHz)¢ 170.5, 69.4,
57.9, 27.6 (2Ch), 27.1 (2CH), 21.3.
2 (minor, more polar):*H NMR (500 MHz) 6 4.78-4.72 (m, 1H),
3.47-3.41 (m, 1H), 2.051.97 (n, 4H), 2.03 §, 3H), 1.53-1.44 (m,
4H). 3C NMR (125 MHz) 6 170.4, 70.9, 58.5, 28.6 (2GH 28.4
(2CHp), 21.3.

2 (mixture of diastereomers): IR (neat) 2947, 2868, 2096, 1734,
1448, 1369, 1244, 1043, 908 cinMS (CI, CHy) m/z (%) 184 (MH',

%), 156 (M— Na, 14), 141 (19), 124 (17), 114 (9), 96 (100), 81 (67),

68 (26). Anal. Calcd for gH13N3O, (183.21): C, 52.45; H, 7.15; N,
22.94. Found: C, 52.37; H, 7.12; N, 22.89.
4-lodo-1-[(4-methylphenyl)sulfonyl]piperidine (3). A solution of
1-[(4-methylphenyl)sulfonyl]-4-piperidinyl 4-methylbenzenesulfonate
(2.04 g, 5.0 mmol), prepared from 3-hydroxypiperidine according to a
literature procedur& Nal (971 mg, 6.5 mmol), and HMPA (3.8 mL,
21.7 mmol) in benzene (13 mL) was stirred oh at 70°C under N.
The crude mixture was dissolved in,&t(50 mL), washed with brine
(2 x 30 mL), 5% NaS;0;3 (20 mL), and brine (20 mL), dried over
MgSQ,, filtered, and concentrated under reduced pressure. The crude
material was purified by FC (hexane/AcOEt 80:20, then 70:30) followed
by recrystallization (CEClz/hexane) to affor@® (1.06 g, 58%) as white
needles. Mp 148149°C (from CH.Cl,/hexane). IR (KBr) 2972, 2920,
2868, 1597, 1475, 1442, 1342, 1307, 1244, 1184, 1163, 1082, 1047,
1006, 925, 852, 814, 738, 678, 650, 574, 549 tmH NMR (360
MHz, CDCk) ¢ 7.64 @, J = 8.2 Hz, 2H), 7.34¢, J = 8.2 Hz, 2H),
4.29 Quint, J = 6.4 Hz, 1H), 3.17qt, J = 11.6, 5.2 Hz, 2H), 2.98d{,
J=11.3, 5.2 Hz, 2H), 2.44s( 3H), 2.19-2.07 (n, 4H). 3C NMR (50
MHz, CDCk) 6 143.7, 133.2, 129.7 (2CH), 127.6 (2CH), 45.6, 36.4
(2CH,), 25.5 (2CH), 21.5. MS (ClI, CH) nm/z (%) 365 (M, 12), 238
(M — 1, 100), 184 (71), 155 (95), 139 (11), 91 (99), 65 (45). Anal.
Calcd for G2H16INO,S (365.23): C, 39.46; H, 4.42; N, 3.84. Found:
C, 39.57; H, 4.45; N, 3.88.
4-Azido-1-[(4-methylphenyl)sulfonyl]piperidine (4).(a) Prepared
according to procedure A fro® (365 mg, 1.0 mmol) and DLP (239
mg, 0.6 mmol): Two successive FC (hexane/AcOEt 85:15) ¢42e7
mg, 81%) as a white solid. Mp 635 °C (from CHCl./hexane). IR
(KBr) 2955, 2924, 2843, 2090, 1595, 1332, 1257, 1165, 1093, 1024,
939, 819, 729, 677, 650, 590, 549 tn*H NMR (500 MHz, CDC})
0 7.64 d, J=8.2 Hz, 2H), 7.33¢, J = 8.2 Hz, 2H), 3.53-3.48 (m,
1H), 3.28-3.23 (n, 2H), 2.92-2.86 (n, 2H), 2.44 §, 3H), 1.97-1.92
(m, 2H), 1.76-1.69 [, 2H). **C NMR (125 MHz, CDC}) 6 143.7,
133.1, 129.7 (2CH), 127.6 (2CH), 56.1, 43.3 (2;t29.9 (2CH), 21.5.

S (CI, CHy) m/z (%) 281 (MHt, 100), 253 (M— N, 83), 238 (70),

7 (31). Anal. Calcd for ©@H16N4O,S (280.34): C, 51.41; H, 5.75; N,
19.98. Found: C, 51.37; H, 5.71; N, 20.04.

(b) Prepared according to procedure C fr8rf183 mg, 0.5 mmol),
PhSQN; (275 mg, 1.5 mmol), and (B8n) (0.38 mL, 0.75 mmol):
The reaction was completed after 2 h. Filtration (hexane then hexane/
AcOEt 85:15) and FC (hexane/AcOEt 85:15) gavE€l08 mg, 77%).

(28) Shanklin, J. R., Jr.; Johnson, I. C. P.; Proakis, A. G.; Barrett, R. J.
J. Med. Chem1991 34, 3011.
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(c) Prepared according to procedure D fr8r865 mg, 1.0 mmol),
PhSQON; (550 mg, 3.0 mmol), (Bs&n) (0.76 mL, 1.5 mmol), and
DTBHN (10 mg, 0.06 mmol): Filtration (hexane then hexane/AcOEt
85:15) and FC (hexane/AcOEt 85:15) ga¥€249 mg, 89%).

(d) Prepared according to procedure D fraé(365 mg, 1.0 mmol),
PhSQN; (550 mg, 3.0 mmol), (Bssn) (0.76 mL, 1.5 mmol), and
DTBHN (87 mg, 0.50 mmol) added 5% every 1 h: Filtration (hexane

then hexane/AcOEt 85:15) and FC (hexane/AcOEt 85:15) gave a 58:

42 nonseparable mixture &6 and 4 containing4 (89 mg, 32%
according to'H NMR).

4-lodohexahydrobenzofuran 2(3)-one (5). 5was prepared ac-
cording to procedure F from 2-cyclohexen-1-yl 2-iodoacelaté266
mg, 1.0 mmol) and DLP (40 mg, 0.1 mmol). FC (hexane/AcOEt 3:1)
gave5 (236 mg, 89%) as a 5.4:1 mixture of two isometid NMR).
Physical and spectral data were in accordance with literature’tata.

exa5 (major, less polar)!H NMR (360 MHz, CDC}) 6 4.47 @, J
= 3.7 Hz, 1H), 3.85ddd J = 12.2, 10.6, 4.0 Hz, 1H), 2.87 1H),
2.70 @d, J=17.4, 6.7 Hz, 1H), 2.54d, J = 17.1 Hz, 1H), 2.43-2.36
(m, 1H), 2.32-2.22 (, 1H), 2.04-1.92 (n, 1H), 1.75-1.61 (n, 1H),
1.59-1.49 (m, 2H).

endo5 (minor, more polar):'H NMR (360 MHz, CDC}) 6 4.51
(dt, J = 10.4, 6.4 Hz, 1H), 4.29dt, J = 12.8, 4.9 Hz, 1H), 3.18n{,
1H), 2.67 @d, J = 17.3, 13.1 Hz, 1H), 2.55d¢d, J = 17.3, 8.2 Hz,
1H), 2.43-2.36 (m, 1H), 2.32-2.22 (m, 1H), 2.04-1.92 (m, 1H), 1.75-
1.61 (m, 1H), 1.59-1.49 {n, 2H).

4-Azidohexahydrobenzofuran 2(31)-one (6).(a) Prepared accord-
ing to procedure B frond (266 mg, 1.0 mmol) and DLP (339 mg,
0.85 mmol). Filtration (hexane/AcOEt 80:20 then 70:30) and FC
(hexane/AcOEt 75:25 for the first isomer and hexane/AcOEt 70:30 for
the second isomer) gavi&(145 mg, 80%) as a 74:26 mixture of two
isomers (GC andH NMR).

exo6 (major, less polar): colorless ottH NMR (360 MHz, CDC})

0 4.62 dt, J = 3.4, 3.7 Hz, 1H), 3.16ddd J = 10.2, 11.3, 4.0 Hz,
1H), 2.69 @d, J=17.0, 6.4 Hz, 1H), 2.59( J = 17.4 Hz, 1H), 2.24
2.17 (m, 2H), 2.12-2.04 (n, 1H), 1.8%1.72 (n, 1H), 1.66-1.50 (M,
2H), 1.47-1.35 (m, 1H). *C NMR (125 MHz) ¢ 175.9, 79.1, 60.6,
41.2, 36.0, 28.7, 26.8, 18.5.

endo®é (minor, more polar): colorless oitH NMR (360 MHz) 6
4.54 @dt, J = 8.2, 5.5 Hz, 1H), 3.81ddd, J = 9.1, 5.8, 4.0 Hz, 1H),
2.87-2.78 {m, 1H), 2.50 @, J = 8.1 Hz, 2H), 2.0%+1.78 (M, 3H),
1.74-1.57 (n, 2H), 1.47-1.25 (n, 1H).*C NMR (125 MHz)5 175.8,
77.6, 58.4, 38.7, 30.5, 27.5, 25.8, 17.3.

exo6 andendo6 (mixture of diastereomers): IR (neat) 2941, 2870,
2106, 1778, 1452, 1423, 1346, 1257, 1153, 1091, 1006, 945, tns
(Cl, CHs) m'z 182 (MH*, 65), 154 (23), 139 (100), 123 (38), 108 (56),
94 (55), 81 (31), 69 (11), 61 (16). Anal. Calcd forgHziN3O,
(181.19): C, 53.03; H, 6.12; N, 23.19. Found: C, 53.10; H, 6.19; N,
23.12.

(b) Prepared according to procedure E from 2-cyclohexen-1-yl
2-iodoacetatd 7 (266 mg, 1.0 mmol) and DLP (40 mg, 0.1 mmol). In
presence of EtSfs, DLP (339 mg, 0.85 mmol) was added portionwise
over 17 h. Filtration (hexane/AcOEt 80:20 then 70:30) and two
successive FCs (hexanefBt50:50) gaves (144 mg, 80%) as a 74:26
mixture of two isomers (GC and isolated).

4-lodo-1-methyloctahydro-2H-indol-2-one (7). 7was prepared ac-
cording to procedure F fromi-(2-cyclohexen-1-yl)-2-ioddN-methyl-
acetamide (837 mg, 3.0 mmol) and DLP (180 mg, 0.3 mmol). FE(Et
AcOEt 9:1) gaver (640 mg, 76%) as a 3.2:1 mixture of two isomers

(*H NMR). Physical and spectral data were in accordance with literature

data?®

exo¥ (major): *H NMR (360 MHz, CDC}) 6 4.06 ddd J = 10.7,
8.9, 4.0 Hz, 1H), 3.55dt, J = 4.9, 4.6 Hz, 1H), 2.862.73 (m, 1H),
2.77 6, 3H), 2.53-2.34 (m, 2H), 2.36-1.09 (n, 6H).

endo¥ (minor): *H NMR (360 MHz, CDC}) 6 4.33 dt, J = 13.1,
5.0 Hz, 1H), 3.43dt, J = 10.7, 6.4 Hz, 1H), 2.962.85 (m, 1H), 2.80
(s, 3H), 2.53-2.34 (m, 2H), 2.30-1.09 n, 6H).

4-Azido-1-methyloctahydro-2H-indol-2-one (8). 8was prepared
according to procedure B from (279 mg, 1.0 mmol) and DLP (358
mg, 0.90 mmol). Filtration (EO/AcOEt 50:50 then 5:95) and FC (B

(29) Curran, D. P.; Tamine, J. Org. Chem1991 56, 2746.
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AcOEt 5:95) gave3 (150 mg, 77%) as a 80:20 mixture of two isomers
(*H NMR). Brown oil.

exa8 (major): *H NMR (500 MHz, CDC}) ¢ 3.63 @dt, J = 13.1,
6.4 Hz, 1H), 3.24ddd, J = 13.9, 14, 5.9 Hz, 1H), 2.76(3H), 2.43-
2.39 (M, 2H), 2.171.79 (, 3H), 1.74-1.62 (n, 2H), 1.52-1.08 (n,
2H). 13C NMR (125 MHz)6 174.8, 60.8, 58.1, 38.2, 36.3, 28.5, 26.9,
25.6, 18.4.

ende8 (minor): *H NMR (500 MHz) 6 3.70 @t, J = 19.1, 6.8 Hz,
1H), 3.45 @It, J = 14.4, 8.9 Hz, 1H), 2.825( 3H), 2.35-2.29 (n, 2H),
2.17-1.79 (n, 3H), 1.74-1.62 (m, 2H), 1.52-1.08 (n, 2H).13C NMR
(125 MHz) 6 173.3, 59.4, 59.0, 36.9, 30.5, 27.8, 26.8, 25.9, 20.0.

ex08 andendo8 (mixture of diastereomers): IR (neat) 2939, 2866,
2096, 1691, 1425, 1398, 1253, 1107, 976, 950 trviS (CI, CHy)
m/z 195 (MH*, 100), 182 (3), 167 (6), 152 (71), 124 (7), 110 (5), 89
(16), 70 (11), 61 (19). Anal. Calcd forgH14N4O (194.23): C, 55.65;
H, 7.27; N, 28.84. Found: C, 55.61; H, 7.23; N, 28.75.

5-lodo-2-adamantanone (9). 9was prepared in two steps from
2-adamantanone according to a literature proce#fePhysical and
spectral data were in accordance with literature data: Mp&&®°C
(lit.3* mp 83-85 °C). 'H NMR (360 MHz, CDC}) 6 2.88-2.73 (m,
6H), 2.52-2.47 [, 2H), 2.19-2.06 (m, 5H). 13C NMR (50 MHz,
CDCl;) 6 214.2, 52.4 (2Ch), 50.6, 50.1 (2CH), 41.2, 37.4 (2GH
31.6.

5-Azido-2-adamantanone (10). 10was prepared according to
procedure A fron® (276 mg, 1.0 mmol) and DLP (140 mg, 0.35 mmol).
Two successive FCs (hexane/AcOEt 85:15) gave a mixtufdaind
EtSON; (47:53) containindl0 (166 mg, 87%) according tdH NMR.
Ethanesulfonyl azide was eliminated upon standing for one night under
vacuum (6x 102 bar) andlOwas isolated (147 mg, 77%) as colorless
crystals. Mp 73-76 °C. IR (KBr) 2932, 2862, 2093, 1722, 1452, 1356,
1252, 1061, 887, 663 cm. *H NMR (500 MHz, CDC}) 6 2.68-2.64
(m, 2H), 2.37-2.34 (m, 1H), 2.15-1.95 (n, 10H).*3C NMR (125 MHz,
CDCly) 6 215.0, 57.3, 46.4 (2CH), 41.8 (2GH 40.4, 37.9 (2Ch),
29.0. MS (CI, CH) m/z 192 (MH", 100), 164 (17), 149 (70). Anal.
Calcd for GoH13N3sO (191.23): C, 62.81; H, 6.85; N, 21.97. Found:
C, 62.91; H, 6.79; N, 21.83.

Diethyl 2-(3-lodopropyl)-2-methylmalonate (11).A suspension of
diethyl 2-(3-bromopropyl)-2-methylmalonate (2.74 g, 9.27 mmol),
prepared from dimethyl methylmalonate and 1,3-dibromopropane
according to a literature procedétand Nal (2.78 g, 18.5 mmol) in
acetone (30 mL), was heated at reflux for 24 h. The reaction mixture
was evaporated and the resulting oil was dissolved ¥ E100 mL)
and washed with FD (50 mL). The organic layer was separated and
washed with HO (20 mL), 10% NaS;0s (30 mL), and brine, dried
over MgSQ, and concentrated in vacuo. The residue was purified by
FC (hexane/AcOEt 95:5) to affortil (2.8 g, 88%) as a colorless oil.
IR (neat) 2982, 1730, 1464, 1379, 1302, 1253, 1157, 1105, 1022, 862
cm L IH NMR (360 MHz, CDC}) ¢ 4.18 @, J = 7.15 Hz, 4H), 3.29
(t, J= 6.7 Hz, 2H), 1.98-1.93 (n, 2H), 1.84-1.77 (m, 2H), 1.41 §,
3H), 1.25 ¢, J = 7.15 Hz, 6H).2*C NMR (50 MHz, CDC}) ¢ 171.8
(2C), 61.2 (2CH), 52.9, 36.4, 28.5, 19.9, 13.9 (2@KI5.7. MS (El,

70 eV)m/z 343 (M + 1, 36), 297 (23), 269 (14), 215 (100), 187 (16),
141 (38), 113 (20), 85 (30), 69 (38). Anal. Calcd for1K;9O4
(342.17): C, 38.61; H, 5.60. Found: C, 38.55; H, 5.49.

Diethyl 2-(3-Azidopropyl)-2-methylmalonate (12). 12vas prepared
according to procedure B frorhl (342 mg, 1.0 mmol) and DLP (995
mg, 2.5 mmol). Two successive FCs (hexane/AcOEt 90:10) followed
by Lobar (hexane/AcOEt 95:5) gave (63 mg, 24%) as a colorless
oil. IR (neat) 2984, 2941, 2098, 1732, 1452, 1381, 1255, 1188, 1116,
1022, 860 cm'. *H NMR (500 MHz, CDC}) ¢ 4.19 @, J= 7.15 Hz,
4H), 3.29 ¢, J = 6.75 Hz, 2H), 1.92dt, J = 8.05, 4.5 Hz, 2H), 1.66
1.52 (n, 2H), 1.42 6, 3H), 1.25 ¢, J = 7.15 Hz, 6H).2*C NMR (125
MHz, CDClk) 6 172.0 (2C), 61.3 (2C}h}, 53.3, 51.4, 32.8, 24.0, 19.9,
14.0 (2CH). MS (ClI, CH,) m/z 258 (MH*, 100), 230 (10), 215 (60),
201 (19), 184 (35), 174 (25), 156 (37), 110 (10), 84 (10), 56 (35).

(30) Geluk, H. W.Synthesid972 374.

(31) Adcock, W.; Trout, N. AJ. Org. Chem1991, 56, 3229.

(32) Astles, P. C.; Ashton, M. J.; Bridge, A. W.; Harris, N. V.; Hart, T.
W.; Parrott, D. P.; Porter, B.; Riddel, D.; Smith, C.; Williams, RJJMed.
Chem.1996 39, 1423.
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Anal. Calcd for GiH1N3O4 (257.29): C, 51.35; H, 7.44; N, 16.33.
Found: C, 51.46; H, 7.42; N, 16.22.
6-lodohexahydro-2H-cyclopenta[b]furan-2-one (13). 13wvas pre-

dli and Renaud

(m, 2H), 1.52-1.22 (m, 8H), 1.44 , J = 7.3 Hz, 3H), 0.88(( J = 7.3
Hz, 3H).13C NMR (50 MHz, CDC}) 6 212.9, 118.8, 69.8, 49.6, 33.4,
31.2,30.2, 28.6, 26.4, 22.2, 14.6, 13.7, 13.4. MS (El, 70@##)273

pared in one step from 2-(2-cyclopenten-1-yl)acetic acid according to (M, 15), 240 (16), 184 (10), 152 (95), 123 (100), 110 (17), 89 (74), 69
a literature procedur®.Physical and spectral data were in accordance (63), 55 (52). Anal. Calcd for GH23NOS; (273.45): C, 57.10; H, 8.48;

with literature dat&®34Mp 34—35 °C (lit.>* mp 35-36 °C). *H NMR
(360 MHz, CDC}) 6 5.20 d, J = 6.1 Hz, 1H), 4.47¢, J = 4.9 Hz,
1H), 3.2+-3.12 (m, 1H), 2.89 ¢id, J = 18.6, 9.75 Hz, 1H), 2.522.40
(m, 1H), 2.38 @d, J = 18.6, 2.1 Hz, 1H), 2.232.01 {(m, 2H), 1.63-
1.56 (M, 1H).

6-Azidohexahydro-H-cyclopenta[b]furan-2-one (14)(a) Prepared
according to procedure B froi3 (252 mg, 1.0 mmol) and DLP (338

N, 5.12. Found: C, 57.24; H, 8.49; N, 5.03.

4-Azidodecanenitrile (19).Prepared according to procedure B from
18(273 mg, 1.0 mmol) and DLP (319 mg, 0.80 mmol). Two successive
FCs (hexane/AcOEt 95:5) gad® (164 mg, 85%) as a colorless oil.
IR (neat) 2931, 2858, 2247, 2100, 1460, 1346, 1267'cAd NMR
(500 MHz, CDC}) 6 3.46-3.41 (m, 1H), 2.49-2.46 (n, 1H), 1.9+
1.84 m, 1H), 1.75-1.53 n, 3H), 1.48-1.24 (m, 8H), 0.89 {, J =

mg, 0.85 mmol). Filtration (hexane/AcOEt 80:20 then 70:30) and FC 6.95 Hz, 3H).1*C NMR (125 MHz, CDC}) 6 118.9, 61.1, 34.1, 31.6,

(hexane/BO 50:50) gaveld (101 mg, 60%) as a 84:16 mixture of
two isomers {H NMR). Colorless oil.

exa14 (major): 'H NMR (500 MHz, CDC}) 6 4.73 d, J = 6.9
Hz, 1H), 4.14 §(br), 1H), 3.07-3.00 (0, 1H), 2.84 (id, J = 18.6,
10.4 Hz, 1H), 2.31dd, J = 18.6, 2.9 Hz, 1H), 2.232.13 n, 1H),
2.07-1.95 (m, 1H), 1.89-1.83 {m, 1H), 1.78-1.51 (n, 1H).*C NMR
(125 MHz) 6 175.8, 77.6, 58.4, 38.7, 30.5, 27.5, 25.8.

endel4 (minor)*H NMR (500 MHz) 6 5.00 ¢, J = 3.6 Hz, 1H),
2.29 @d, J = 17.7, 2.1 Hz, 1H) characteristic signals.

exo-14 and endod4 (mixture of diastereomers): IR (neat) 2962,
2876, 2102, 1780, 1462, 1359, 1255, 1161, 1031, 931, 889.dvi5
(Cl, CHs) m/z 168 (MHT, 32), 127 (100), 109 (79), 94 (36), 81 (26),
67 (23). HRMS for GHgNsNaO, [MNa']: calcd 190.0592; found
190.0586.

(b) Prepared according to procedure D fra8Y126 mg, 0.5 mmol),
PhSQNs (275 mg, 1.5 mmol), Bgdre (0.38 mL, 0.75 mmol), and
DTBHN (32 mg, 0.18 mmol). Filtration (hexane then hexane/AcOEt
85:15) and FC (hexane/& 85:15) gavel4 (46 mg, 55%) as a 84:16
mixture of two isomers'H NMR).

9-(Hydroxymethyl)-2-iodo-4-oxatricyclo[4.2.1.8Jnonan-5-one (15).
15was prepared in two steps froois-endaebicyclo[2,2,1]hept-5-ene-
2,3-dicarboxylic anhydride according to a literature procedufe.

30.1, 28.9, 25.8, 22.5, 14.2, 14.0. MS (CI, gz 195 (MH*, 100),
167 (15), 152 (34), 123 (5), 97 (4), 83 (15), 69 (4), 54 (3). Anal. Calcd
for CioH1gN4 (194.28): C, 61.82; H, 9.34; N, 28.84. Found: C, 61.75;
H, 9.45; N, 28.76.

Ethyl 5-Ethoxy-4-[(ethoxycarbothioyl)sulfanyl]pentanoate (20).
20 was prepared according to procedure G from ethyl 2-[(ethoxy-
carbothioyl)sulfanyl]acetate (2.08 g, 10.0 mmol, easily prepared from
ethyl iodoacetate and potassium ethyl xanthogenate), allyl ethyl ether
(5.69 mL, 50.0 mmol) and DLP (1.19 g, 3.0 mmol) in 1,2-dichloro-
ethane (10 mL). FC (hexane/AcOEt 92:8) g&@(1.52 mg, 52%) as
a yellow oil. IR (neat) 2980, 2870, 1736, 1446, 1375, 1228, 1111, 1047,
856 cmt. *H NMR (360 MHz, CDC}) 6 4.64 @, J = 7.3 Hz, 2H),
4.13 @, J= 7.3 Hz, 2H), 3.99-3.92 (m, 1H), 3.68 @d, J = 10.0, 4.25
Hz, 1H), 3.57-3.44 (n, 3H), 2.56-2.42 (m, 2H), 2.29-2.20 (n, 1H),
1.99-1.88 (m, 1H), 1.42 ¢, J = 7.3 Hz, 3H), 1.25% J = 7.3 Hz, 3H),
1.19 ¢ J = 7.3 Hz, 3H).13C NMR (50 MHz, CDC}) 6 213.8, 172.8,
71.9, 69.9, 66.5, 60.3, 49.8, 31.6, 26.3, 14.9, 14.1, 13.7. MS (El, 70
eV) m'z295 (M + 1, 20), 250 (11), 249 (94), 172 (94), 161 (16), 143
(12), 127 (22), 98 (100), 85 (86), 59 (14). Anal. Calcd fap0.S,
(294.42): C, 48.95; H, 7.53. Found: C, 48.89; H, 7.42.

Ethyl 4-Azido-5-ethoxypentanoate (21). 2ivas prepared according
to procedure B fron20 (295 mg, 1.0 mmol) and DLP (339 mg, 0.85

Physical and spectral data were in accordance with literature data: Mpmmol). Filtration (hexane/AcOEt 90:10) and two successive FCs

127-129°C (lit.*® mp 125-127 °C). *H NMR (360 MHz, CDC})
5.18 @, J = 5.2 Hz, 1H), 4.16d, J = 2.7 Hz, 1H), 3.83¢d, J = 11.6,
8.2 Hz, 1H), 3.76-3.71 (m, 1H), 3.27 {d, J = 4.8, 1.2 Hz, 1H), 2.76
2.71 (n, 2H), 2.52-2.46 (m, 1H), 2.43d, J = 11.6 Hz, 1H), 2.11
(s(br), 1H), 1.90 @(br), J = 11.6 Hz, 1H).
9-(Hydroxymethyl)-2-azido-4-oxatricyclo[4.2.1.8Jnonan-5-one
(16). 16was prepared according to procedure B frb5(294 mg, 1.0

(hexane/AcOEt 95:5) gavel (144 mg, 67%) as a colorless oil. IR
(neat) 2978, 2931, 2874, 2102, 1736, 1446, 1377, 1271, 1178, 1120,
1031, 860 cmt. *H NMR (500 MHz, CDC}) 6 4.14 @, J = 7.15 Hz,

2H), 3.59-3.45 {n, 5H), 2.49-2.38 (n, 2H), 1.89-1.82 (m, 1H), 1.74-

1.66 (, 1H), 1.26 {, J = 7.15 Hz, 3H), 1.21( J = 7.05 Hz, 3H)1%C

NMR (125 MHz, CDC}) 6 172.8, 73.0, 66.8, 60.8, 60.5, 30.6, 26.1,
15.0, 14.1. MS (CI, Ck) m/z 216 (20), 188 (17), 173 (37), 142 (30),

mmol) and DLP (219 mg, 0.55 mmol). Two successive FCs (hexane/ 129 (60), 114 (20), 100 (100), 85 (23), 70 (10), 59 (29). Anal. Calcd

AcOEt 50:50, then 40:60) gavé6 (118 mg, 56%). Colorless oil,
contaminated by traces of unseparable byproductsvit %). IR (neat)
3429, 2978, 2889, 2102, 1780, 1466, 1359, 1251, 1161, 1030, 970 cm
H NMR (500 MHz, CDC}) 6 4.55 d, J = 5.05 Hz, 1H), 3.84q, J
=1.75 Hz, 1H), 3.82dd, J = 11.6, 8.1 Hz, 1H), 3.72dd, J = 11.45,
7.35 Hz, 1H), 3.3+3.39 (m, 1H), 2.73 @idd, J = 10.7, 4.9, 0.85 Hz,
1H), 2.57 §, 1H), 2.53-2.47 (n, 1H), 2.21 6 (br), 1H), 2.03 @it, J =
11.45, 1.6 Hz, 1H), 1.66d( J = 11.5 Hz, 1H).2*C NMR (125 MHz,
CDCls) 6 178.7, 85.0, 63.5, 60.2, 46.6, 45.5, 43.3, 40.8, 34.6. MS (ClI,
CH,) m/z 210 (MH*, 100), 192 (28), 167 (28), 154 (4), 137 (5), 123
(17), 110 (59), 93 (17), 81 (20), 74 (31), 56 (6). HRMS faiHz:N30;
[MH™]: calcd 210.0878; found 210.0876.
S-[1-(2-Cyanoethyl)heptyl] O-Ethyl Carbonodithioate (18). 18
was prepared according to procedure G figiftyanomethyl)O-ethyl
carbonodithioaf& (1.61 g, 10.0 mmol), 1-octene (3.14 mL, 20.0 mmol),
and DLP (160 mg, 0.4 mmol) in 1,2-dichloroethane (10 mL). FC
(hexane/AcOEt 94:6) gaviB (2.48 g, 91%) as a yellow oil. IR (neat)
2930, 2858, 2249, 1452, 1219, 1112, 1051, 856%ciAH NMR (360
MHz, CDCL) 6 4.66 @, J = 7.3 Hz, 2H), 3.85-3.77 (m, 1H), 2.501(
J = 7.3 Hz, 2H), 2.172.08 (m, 1H), 2.03-1.92 (n, 1H), 1.7+-1.64

(33) Fissekis, J. D.; Markert, B. Al. Am. Chem. S0d.966 31, 2945.

(34) Clive, D. L.; Kdé, V. N. J. Org. Chem1981, 46, 231.

(35) Bailey, D. M.; Johnson, R. B. Org. Chem197Q 35, 3574.

(36) Janssen, A. J. M.; Klunder, A. J. M.; ZwanenburgTBtrahedron
1991, 47, 5513.

(37) Dinizo, S. E.; Freerksen, R. W.; Pabst, W. E.; Watt, DJ.SAm.
Chem. Soc1976 41, 2846.

for CgH17N303 (215.25): C, 50.22; H, 7.96; N, 19.52. Found: C, 50.34;
H, 7.93; N, 19.51.

Ethyl 5-(Acetyloxy)-4-[(ethoxycarbothioyl)sulfanyl]pentanoate
(22). 22was prepared according to procedure G from ethyl 2-[(ethoxy-
carbothioyl)sulfanyl]acetate (1.47 g, 7.0 mmol), allyl acetate (1.52 mL,
14.0 mmol), and DLP (80 mg, 0.20 mmol) in 1,2-dichloroethane (5
mL). FC (hexane/AcOEt 85:15) ga?? (1.60 g, 74%) as a yellow olil.

IR (neat) 2982, 1739, 1446, 1379, 1222, 1112, 1037, 854 cthl
NMR (360 MHz, CDC}) 6 4.64 @, J = 7.3 Hz, 2H), 4.31dd, J =
11.3, 4.9 Hz, 1H), 4.23dd, J = 11.3, 6.0 Hz, 1H), 4.14¢ J = 7.3
Hz, 2H), 4.05-3.98 (m, 1H), 2.57-2.41 fn, 1H), 2.21-2.12 (n, 1H),
2.08 6, 3H), 1.98-1.87 (m, 1H), 1.42 ¢, J = 7.3 Hz, 3H), 1.261 J

= 7.3 Hz, 3H).13C NMR (50 MHz, CDC}) ¢ 212.6, 172.4, 170.4,
70.2,65.4, 60.5, 48.7, 31.4, 25.9, 20.6, 14.1, 13.6. MS (El, 70&¥/)
309 (M+ 1, 8), 249 (100), 187 (35), 161 (22), 145 (15), 127 (25), 99
(19), 85 (12), 55 (8). Anal. Calcd forgH200sS, (308.41): C, 46.73,;

H, 6.54. Found: C, 46.84; H, 6.47.

Ethyl 4-Azido-5-acetyloxypentanoate (23). 23vas prepared ac-
cording to procedure B from@2 (308 mg, 1.0 mmol) and DLP (339
mg, 0.85 mmol). Filtration (hexane/&x 85:15) afforded a mixture of
23 and EtSGON3;. Removal of EtS@N; at 55-60 °C by a stream of
nitrogen and FC (hexaned&x 85:15) gave23 (165 mg, 72%) as a
colorless ail. IR (neat) 2984, 2941, 2112, 1739, 1450, 1369, 1228, 1180,
1045, 862 cm*. *H NMR (500 MHz, CDC}) 6 4.23 dd, J = 11.5,

3.9 Hz, 1H), 4.15¢, J = 7.15 Hz, 2H), 4.08dd, J = 11.5, 7.65 Hz,
1H), 3.70-3.65 (n, 1H), 2.51-2.41 (m, 2H), 2.11 §, 3H), 1.9+-1.84
(m, 1H), 1.76-1.68 (m, 1H), 1.27 {, J = 7.15 Hz, 3H)13C NMR (125
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MHz, CDCL) 6 172.5, 170.5, 66.3, 60.7, 59.8, 30.3, 26.0, 20.6, 14.1.
MS (CI, CHy) m/z 230 (37), 202 (13), 187 (24), 170 (41), 160 (65),
142 (23), 128 (13), 114 (100), 96 (33), 72 (16). Anal. Calcd for
CoH1sN304 (229.23): C, 47.16; H, 6.60; N, 18.33. Found: C, 47.27;
H, 6.54; N, 18.30.
3-(Acetyloxy)-2-[(acetyloxy)methyl]-6-[(ethoxycarbothioyl)sul-
fanyl]tetrahydro-2 H-pyran-4-yl-acetate (24) A solution of HBr (33%
in AcOH, 16 mL) was added dropwise to a solution of 3,6-bis-
(acetyloxy)-2-[(acetyloxy)methyl] tetrahydrd<2pyran-4-yl acetate (3.32
g, 10.0 mmol) in CHCI; and the mixture was stirred at@ for 90
min under N. The reaction mixture was poured onto ice and extracted
with CH.Cl; (2 x 20 mL). The organic layer was washed with saturated
NaHCG; (2 x 30 mL) and brine, dried over MgSQand concentrated
in vacuo. The residue was immediately treated by potassium ethyl
xanthogenate (2.4 g, 15.0 mmol) in acetonitrile (52 mL) at room
temperature. After 6 h, ¥0 (30 mL) was added and the aqueous phase
was extracted with CKCl, (2 x 30 mL). The organic layer was dried
over MgSQ and concentrated in vacuo. The residue was purified by
FC (hexane/AcOEt 70:30) to affo@i(2.4 mg, 62%) as a white solid.
For analytical purposes, a sample was recrystallized from EtOH at 4
°C. Mp 98-99°C (lit.®¢ mp 99-100°C). [a]p?* —34.8 € 0.615, CHC})
[lit. %8 [a]p?® —32 (CHCLCHCL)]. IR (neat) 3016, 2959, 2885, 1730,
1458, 1369, 1309, 1242, 1041, 964, 916, 812, 605'ctl NMR (360
MHz, CDCk) 6 5.47 @dd, J = 12.5, 2.1 Hz, 1H), 5.12ddd, J = 9.5,
10.7, 5.2 Hz, 1H), 5.02t(J = 9.4 Hz, 1H), 4.65d¢, J = 7.3 Hz, 1H),
4.27 dd, J=12.5, 5.2 Hz, 1H), 4.10dd, J = 12.5, 2.1 Hz, 1H), 3.75
(ddd, J= 9.7, 4.9, 2.1 Hz, 1H), 2.47fld J = 12.5, 5.2, 2.1 Hz, 1H),
2.07 6, 3H), 2.05 6, 3H), 2.04 6, 3H), 1.98 @d, J = 23.3, 12.5 Hz,
1H), 1.42 ¢, J = 7.3 Hz, 3H).23C NMR (50 MHz, CDC}) 6 210.0,

170.6,170.1, 169.6, 82.0, 76.3, 71.6, 70.3, 68.3, 62.2, 34.6, 20.8, 20.7,

20.6, 13.6. MS (El, 70 eV)n/z 273 (M — SCSOEt, 35), 213 (100),

171 (11), 153 (95), 111 (87), 97 (9), 61 (4). Anal. Calcd fegH,0sS,

(394.45): C, 45.67; H, 5.62. Found: C, 45.67; H, 5.54.
3-(Acetyloxy)-2-[(acetyloxy)methyl]-6-azidotetrahydro-2-pyran-

4-yl-acetate (25)(a) Prepared according to procedure B frad(394

mg, 1.0 mmol) and DLP (358 mg, 0.9 mmol): Two successive FCs

(hexane/AcOEt 75:25) gav@5 (232 mg, 74%) as a white solid. For

analytical purposes, a sample was recrystallized from EtOH°&.4

Colorless crystals. Mp 9193 °C. [a]p?°® + 249.3 € 0.355, CHCY).

IR (neat) 2982, 2960, 2112, 1743, 1454, 1383, 1230, 1101, 1076, 1053,

972,918 cm*. *H NMR (500 MHz, CDC}) ¢ 5.53 dd, J= 4.2, 1.35

Hz, 1H), 5.21 ddd J = 11.3, 9.4, 5.1, 0.4 Hz, 1H), 5.08, 0 = 9.6

Hz, 1H), 4.32 (d, J = 12.6, 5.1 Hz, 1H), 4.144.10 (n, 2H), 2.17

(ddd J = 13.2, 5.4, 1.5 Hz, 1H), 2.105(3H), 2.05 6, 3H), 2.01 §,

3H), 1.85 @dd J = 13.2, 11.4, 4.7 Hz, 1H)}*C NMR (125 MHz,

CDCl3) 6 170.6, 170.0, 169.7, 86.6, 70.1, 68.7, 68.3, 62.0, 34.2, 20.8,

20.7, 20.6. MS (Cl, Ck) m/z 316 (MH", 1), 273 (23), 256 (25), 228

(12), 213 (100), 186 (15), 168 (8), 153 (49), 126 (5), 111 (5). Anal.

Calcd for GoH17N307 (315.28): C, 45.72; H, 5.43; N, 13.33. Found:

C, 45.75; H, 5.32; N, 13.21.

(b) Prepared according to procedure D frad(395 mg, 1.0 mmol),
PhSQN; (550 mg, 3.0 mmol), (BsBn) (0.76 mL, 1.5 mmol), and
DTBHN (26 mg, 0.15 mmol) added by (5.2 mg, 0.03 mmol) portions
every 90 min. Filtration (hexane then hexane/AcOEt 75:25) and FC
(hexane/AcOEt 75:25) gav#b (219 mg, 70%).

4-Bromo-1-[(4-methylphenyl)sulfonyl]piperidine (26).A solution
of 1-[(4-methylphenyl)sulfonyl]-4-piperidinyl 4-methylbenzenesulfonate
(2.04 g, 5.0 mmol) and LiBr (1.08 mg, 12.5 mmol) in DMF (20 mL)
was stirred for 36 h at 58C under N. The crude mixture was dissolved
in EO (50 mL), washed with water (& 30 mL) and brine (20 mL),
dried over MgSQ filtered, and concentrated under reduced pressure.
The crude material was purifed by FC (hexane/AcOEt 85:15) to afford
26 (1.19 g, 75%) as white needles. Mp 14143 °C. IR (KBr) 2964,
2924, 2874, 1597, 1477, 1444, 1344, 1309, 1244, 1207, 1161, 1091,
1051, 1008, 927, 858, 812, 744, 713, 696, 651, 578, 551 .cthl
NMR (500 MHz, CDC}) 6 7.65 {d, J = 8.3 Hz, 2H), 7.34¢, J = 8.2
Hz, 2H), 4.26-4.22 (m, 1H), 3.19 @ldd J = 12, 8.1, 3.5 Hz, 2H), 3.10
(ddd J=12, 7.0, 3.8 Hz, 2H), 2.445(3H), 2.22-2.16 (m, 2H), 2.08-

(38) Maki, T.; Nakamura, H.; Tejima, S.; Akagi, them. Pharm. Bull.
1965 13, 764.
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2.02 (M, 2H).3C NMR (90 MHz, CDC}) 6 143.7, 133.2, 129.7 (2CH),
127.6 (2CH), 47.8, 43.7 (2Gi{ 34.6 (2CH), 21.5. MS (CI, CH) m/z
(%) 318 (MH", 77), 320 (MH', 78), 238 (100). Anal. Calcd forgH1e
BrNO,S (318.23): C, 45.29; H, 5.07. Found: C, 45.22; H, 5.11.
2-(3-lodopropyl)-1H-isoindolone-1,3(2)-dione (27).A suspension
of 2-(3-bromopropyl)-H-isoindolone-1,3(&)-dione (2.67 g, 10.0
mmol), prepared from phthalimide potassium salt and 1,3-dibromo-
propane according to a literature procediirand Nal (3.38 g, 22.5
mmol) in acetone (30 mL) was heated at reflux for 24 h. The reaction
mixture was concentrated and the resulting oil was dissolved,@ Et
(100 mL) and washed with 4 (50 mL). The organic layer was
separated and washed with® (20 mL), 10% NaS;03 (30 mL), and
brine, dried over MgS@ and concentrated in vacuo. The residue was
purified by FC (hexane/AcOEt 85:15) to affo?d (2.27 g, 73%), as a
white solid. Mp 8789 °C. IR (KBr) 2978, 2924, 1763, 1703, 1612,
1462, 1435, 1402, 1371, 1330, 1305, 1197, 1170, 1085, 1055, 993,
958, 868, 723, 530 cm. *H NMR (360 MHz, CDC}) ¢ 7.86 dd, J =
5.5, 3.2 Hz, 2H), 7.73dd, J = 5.5, 3.2 Hz, 2H), 3.78t(J = 6.8 Hz,
2H), 3.17 ¢, J = 6.8 Hz, 2H), 2.25quint, J = 6.8 Hz, 2H).2*C NMR
(90 MHz, CDCE) 6 168.1 (2C), 134.0 (2CH), 131.9 (2C), 123.2 (2CH),
38.5, 32.5, 1.16. MS (CI,ChHim/z 316 (MH", 100), 188 (96), 160 (18).
HRMS for Ci3;H1:NO,I [MH *] 315.9836, found 315.9828.
2-(3-Azidopropyl)-1H-isoindolone-1,3(#)-dione (28). Prepared
according to procedure C frog¥ (158 mg, 0.5 mmol), PhS®; (275
mg, 1.5 mmol), and (Bssn) (0.38 mL, 0.75 mmol): The reaction
was completed after 8 h. Filtration (hexane then hexane/AcOEt 85:15)
and FC (hexane/AcOEt 85:15) ga28 (35 mg, 30%). Colorless oil.
IR (neat) 2941, 2874, 2102, 1772, 1712, 1614, 1468, 1437, 1396, 1375,
1261, 1138, 1039, 899, 721 ct'H NMR (500 MHz, CDC}) 6 7.86
(dd, J=5.5, 3.0 Hz, 2H), 7.73dd, J = 5.5, 3.0 Hz, 2H), 3.79t(J =
6.8 Hz, 2H), 3.38% J = 6.8 Hz, 2H), 1.96 quint, J = 6.8 Hz, 2H).
13C NMR (125 MHz, CDC}) 6 168.3 (2C), 134.1 (2CH), 132.0 (2C),
123.3 (2CH), 49.1, 35.4, 28.1. MS (CI,GHn/z 231 (MH*, 2), 199
(10), 188 (15), 174 (40), 160 (19), 148 (7), 57 (100). Anal. Calcd for
C11H10N4O; (230.22): C, 57.39; H, 4.38; N, 24.34. Found: C, 57.43;
H, 4.31; N, 24.35.

(b) Prepared according to procedure D fram(158 mg, 0.5 mmol),
PhSQN; (275 mg, 1.5 mmol), (Bs8n) (0.38 mL, 0.75 mmol), and
DTBHN (104 mg, 0.6 mmol) added by (17 mg, 0.1 mmol) portions
every 1 h: Filtration (hexane then hexane/AcOEt 85:15) and FC
(hexane/AcOEt 85:15) gaveB (39 mg, 34%).

3,5-Bis(Acetyloxy)-2-[(acetyloxy)methyl]-6-[(ethoxycarbothioyl)-
sulfanyl] tetrahydro-2 H-pyran-4-yl-acetate (29).Acetobromoet-p-
glucose (2.5 g, 6.0 mmol) was treated by potassium ethyl xanthogenate
(1.44 g, 9.0 mmol) in acetonitrile (30 mL) at room temperature under
No. After 3 h, HO (30 mL) was added and the agueous phase was
extracted with CHCI, (2 x 30 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The residue was purified by FC
(hexane/AcOEt 70:30 then 60:40) to aff@8@(2.34 g, 86%) as a syrup.
The residue was recrystallized from EtOH at@. White solid. Mp
78-80 °C (lit.“*mp 75-76 °C). [a]p?° +33.6 € 0.530, CHC}) [lit.4°
[a]p'® +30 (CHCE)]. IR (neat) 2995, 2951, 1755, 1730, 1433, 1367,
1298, 1280, 1236, 1215, 1085, 1043, 913, 895, 814'chd NMR
(500 MHz, CDC}) 6 5.47 @, J = 10.6 Hz, 1H), 5.32t( J = 9.3 Hz,
1H), 5.18 ¢id, J = 10.6, 9.2 Hz, 1H), 5.12dd, J = 10.2, 9.4 Hz, 1H),
4.65 @, J= 7.1 Hz, 1H), 4.25dd, J = 12.5, 4.9 Hz, 1H), 4.13dd, J
= 12.5, 2.2 Hz, 1H), 3.84ddd J = 10.2, 4.9, 2.3 Hz, 1H), 2.0%(
3H), 2.04 §, 3H), 2.03 6, 3H), 2.01 §, 3H), 1.42 ¢, J = 7.1 Hz, 3H).
3C NMR (125 MHz, CDC¥) 6 210.0, 170.6, 170.1, 169.4, 169.3, 85.8,
76.5,74.0, 70.7, 68.5, 68.3, 61.7, 20.7 (25120.6 (2CH), 13.6. MS
(Cl, CHs) m/z 331 (MH" — HSCSOEt, 100), 271 (14), 169 (56), 109
(13), 61 (16). Anal. Calcd for GH24010S; (452.49): C, 45.13; H, 5.35.
Found: C, 45.13; H, 5.43.

3,5-Bis(Acetyloxy)-2-[(acetyloxy)methyl]-6-azidotetrahydro-#-
pyran-4-yl-acetate (30). 30was prepared according to procedure D
from 29 (453 mg, 1.0 mmol), PhSM™; (550 mg, 3.0 mmol), (BsBn)
(0.76 mL, 1.5 mmol), and DTBHN (31 mg, 0.18 mmol) added by (5

(39) Quici, S.; Manfredi, A.; Pozzi, G.; Cavazzini, M.; Rozzoni, A.
Tetrahedron1999 55, 10487.

(40) Akagi, M.; Tejima, S.; Haga, M.; Sakata, @hem. Pharm. Bull.
1963 11, 1082.



4726 J. Am. Chem. Soc., Vol. 123, No. 20, 2001

mg, 0.03 mmol) portions every 90 min. Filtration (hexane, hexane/
AcOEt 70:30 then 60:40) and FC (hexane/AcOEt 70:30) gz04L39

dli and Renaud

3.08-3.04 (2.35%); 4.254.22 (EtOCHOG) — 5.28-5.27 (1.59%),
2.20-2.14 (6.58%); 3.553.48 (CHCHHOCH)— 5.28-5.27 (4.38%),

mg, 37%) as a white solid. For analytical purpose, a sample was 3.81-3.74 (9.60%); 3.083.04 (MeOOC®) — 5.28-5.27 (2.52%),

recrystallized from EtOH at 4C. Colorless crystals. Mp 162103°C.
[o]p?2 +172.1 € 0.380, CHCJ). IR (neat) 2966, 2118, 1753, 1431,
1369, 1236, 1111, 1066, 1043, 918 ¢imtH NMR (500 MHz, CDC})
05.60 @, J= 4.3 Hz, 1H), 5.39¢ J = 9.7 Hz, 1H), 5.05¢ J = 10.1
Hz, 1H), 4.95 @d, J = 10.1, 4.4 Hz, 1H), 4.27dd, J = 12.5, 4.6 Hz,
1H), 4.18-4.12 (m, 2H), 2.11 §, 3H), 2.10 §, 3H), 2.03 §, 3H), 2.02
(s, 3H).3C NMR (125 MHz, CDC}) 6 170.5, 169.9 (2C), 169.4, 86.1,
70.1, 69.6, 69.5, 67.8, 61.5, 20.7, 20.6, 20.5 (3CHMS (CI, CHy)
mvz 331 (MH" — HNj3, 100), 314 (14), 271 (27), 169 (52), 139 (14).
Anal. Calcd for G4H19N3Og (373.32): C, 45.04; H, 5.13; N, 11.26.
Found: C, 45.13; H, 5.06; N, 11.16.

Methyl 3-(2-Cyclohexen-1-yloxy)-3-(ethyloxy)-2-iodopropanoate
(31). To a solution of 2-cyclohexen-1-ol (1.1 mL, 11.0 mmol) and
methyl E)-3-ethoxy-2-propenoate(1.69 g, 13.0 mmol) in dry CkCl,

(10 mL) was addetl-iodosuccinimide (2.92 g, 13.0 mmol) portionwise
at 0°C under N. After 30 h at room temperature, the reaction mixture
was diluted with CHCI, (20 mL), washed with water (20 mL), 10%
NaS;03 (20 mL), and brine, dried over MgSQand concentrated in
vacuo. The residue was purified by FC (hexane/AcOEt 95:5 then 90:
10) to afford31 (2.94 g, 86%) as a 50:50 mixture of two isomeMd (
NMR). Orange oil. IR (neat) 3028, 2934, 1740, 1437, 1373, 1346, 1304,
1253, 1203, 1103, 1039, 941, 727 ¢im*H NMR (360 MHz, CDC})

0 5.90-5.82 M, 2H, two diastereomers), 5.#5.62 (, 2H, two
diastereomers), 5.0d,(J = 2.7 Hz, 1H, one diast.), 5.041,(J = 2.7

Hz, 1H, one diastereomer), 4.44, (LH, one diastereomer), 4.48, (
1H, one diastereomer), 4.2@.13 (n, 2H, two diastereomers), 3.74
(s, 6H, two diastereomers), 3.7B.57 (n, 4H, two diastereomers),
2.08-1.47 {m, 12H, two diastereomers), 1.25 ¢H, two diastereomers).
13C NMR (90 MHz, CDC}) 6 169.6 (two diastereomers), 131.5 (one

3.71-3.66 (4.89%); 2.262.14 (2.40%); 2.262.14 (MeOOCH-
CHCHN;) — 4.25-4.22 (5.64%), 3.083.04 (2.42%)C NMR (125
MHz) 6 172.1, 105.4, 77.4, 64.3, 60.0, 55.1, 52.3, 45.8, 29.1, 27.5,
18.8, 15.332 (mixture of diastereomers): IR (neat) 2941, 2870, 2100,
1738, 1439, 1377, 1201, 1095, 1010 ¢mMS (ClI, CH;) m/z 270
(MH*, 4), 224 (100), 195 (12), 181 (13), 153 (17), 136 (8). Anal. Calcd
for C12H19N304 (269.30): C, 53.52; H, 7.11; N, 15.60. Found: C, 53.62;
H, 7.10; N, 15.69.
3-lodo-2-[(3-methyl-2-butenyl)oxy]tetrahydro-2H-pyran (33). To
a solution of 3-methyl 2-buten-1-ol (1.0 mL, 10.0 mmol) and 3,4-
dihydropyran (1.1 mL, 12.0 mmol) in dry GBI, (10 mL) was added
N-iodosuccinimide (2.25 g, 10.0 mmol) portionwise-&80 °C under
N.. After 3 h, the reaction mixture was diluted with @El, (20 mL),
washed with water (20 mL), 10% M&0Os (20 mL), and brine, dried
over MgSQ, and concentrated in vacuo.The residue was purified by
FC (hexane/RD 90:10) to afford33 (2.76 g, 93%). Colorless oil. IR
(neat) 2945, 2853, 1439, 1377, 1354, 1201, 1122, 1068, 1018, 941,
868 cntl. 'H NMR (360 MHz, CDC}) 6 5.36 ¢, J = 6.8 Hz, 1H),
4.66 d, J=5.4 Hz, 1H), 4.21dd, J= 11.7, 6.8 Hz, 1H), 4.123.96
(m, 3H), 3.58 (ldd J = 11.8, 7.3, 3.2 Hz, 1H), 2.422.34 (m, 1H),
2.06-1.97 (n, 1H), 1.8%1.71 (m, 1H), 1.76 § 3H), 1.69 6 3H),
1.63-1.52 (m, 1H).3C NMR (90 MHz, CDC}) ¢ 137.9, 120.0, 101.3,
64.4, 63.4, 32.7, 29.5, 25.7, 25.5, 18.0. MS (Cl,{Lh/z 297 (MH*,
1), 211 (18), 70 (100). Anal. Calcd for;@4,710, (296.15): C, 40.56;
H, 5.79. Found: C, 40.63; H, 5.74.
3-(1-Azido-1-methylethyl)hexahydro-4H-furo[2,3-b]pyran (34).
34 was prepared according to procedure D fridd{296 mg, 1.0 mmol),
PhSQNj3; (550 mg, 3.0 mmol), (BsBn) (0.76 mL, 1.5 mmol), and
DTBHN (11 mg, 0.06 mmol). Filtration (hexane then hexane/AcOEt

diastereomer), 131.1 (one diastereomer), 127.1 (one diastereomer), 126.70:30) and FC (hexane/AcOEt 80:20) ga® (193 mg, 91%) as a
(one diastereomer), 101.4 (one diastereomer), 100.5 (one diastereomer)1:39 mixture of two isomersl NMR). Colorless oil. IR (neat) 2939,
72.1 (one diastereomer), 71.1 (one diastereomer), 60.6 (one diastere2887, 2100, 1450, 1371, 1263, 1149, 1037, 953, 897'cthl NMR
omer), 60.1 (one diastereomer), 52.7 (one diastereomer), 52.6 (one(500 MHz, CDC}) 6 5.23 d, J = 3.5 Hz, 1H, one diastereomer), 5.02
diastereomer), 29.6 (one diastereomer), 27.9 (one diastereomer), 24.9d, J = 3.8 Hz, 1H, one diastereomer), 4.16 J = 8.9 Hz, 1H, one
(one diastereomer), 24.8 (one diastereomer), 21.3 (one diastereomer)diastereomer), 4.0@¢, J= 11.0, 7.9 Hz, 1H, one diastereomer), 3:92

21.0 (one diastereomer), 18.9 (one diastereomer), 18.4 (one diastere3.87 (m, 1H, one diastereomer), 3.9Q, @ = 7.9 Hz, 1H, one

omer), 15.0 (one diastereomer), 14.9 (one diastereomer). MS (G), CH
m/z 257 (50), 225 (39), 207 (10), 131 (33), 103 (20), 97 (82), 82 (100),
69 (9). HRMS for GoH20lO4 [MH*]: calcd 355.0408; found 355.0402.
Methyl 4-Azido-2-(ethyloxy)octahydro-1-benzofuran-3-carbox-
ylate (32). 32was prepared according to procedure D fr8in(354
mg, 1.0 mmol), PhS&N; (550 mg, 3.0 mmol), (BsBn) (0.76 mL, 1.5
mmol), and DTBHN (11 mg, 0.06 mmol). Filtration (hexane then

diastereomer), 3.803.75 (m, 2H, two diastereomers), 3.6B.63 (n,

1H, one diastereomer), 3.44dd J = 11.5, 10.7, 2.6 Hz, 1H, one
diastereomer), 2.332.28 (m, 2H, two diastereomers), 2.40.38 {n,

10H, two diastereomers), 1.39, @H, one diastereomer), 1.31 (s, 3H,
one diastereomer), 1.3, (3H, one diastereomer), 1.27 (s, 3H, one
diastereomer)3C NMR (90 MHz, CDC}) 6 102.2, 101.2, 69.0, 64.6,
64.2, 62.7, 60.9, 60.3, 50.4, 47.9, 39.6, 36.3, 26.7, 25.5, 24.8, 24.5,

hexane/AcOEt 80:20) and three successive FCs (hexane/AcOEt 95:523.9, 23.2, 20.8, 20.1. MS (Cl, CHm/z 212 (MH", 21), 184 (44),

90:10 then 80:20) gavd2 (207 mg, 77%) as a 53:47 mixture of two
diastereomersi NMR). Colorless oil.32a(less polar}:H NMR (500
MHz, CDCkL) 6 5.48 {d, J = 4.9 Hz, 1H), 4.324.29 {n, 1H), 3.76
(qd, J=9.5, 7.1 Hz, 1H), 3.755 1H), 3.50 fd, J = 9.5, 7.1 Hz, 1H),
3.31ddd J=12.1, 10.6, 4.3 Hz, 1H), 3.12i¢, J = 6.6, 4.9 Hz, 1H),
2.20 @dd J = 10.5, 6.6, 3.5 Hz, 1H), 2.682.00 (n, 2H), 1.68-1.45
(m, 3H), 1.36-1.27 (m, 3H), 1.19 {, J = 7.1 Hz, 3H). NOE difference
spectra fo32a(less polar) (500 MHz): 5.495.47 (EtOCGH) — 3.74—
3.76 (5.27%), 3.363.29 (3.55%); 4.324.29 (EtOCHO®!) — 3.14—
3.11 (4.08%), 2.222.17 (6.53%); 3.363.29 (\sCH) — 5.49-5.47
(3.52%); 3.14-3.11 (MeOOCE) — 5.49-5.47 (1.56%), 4.324.29
(3.24%); 2.22-2.17 (6.17%); 2.222.17 (MeOOCHEICHN;) —
4.32-4.29 (5.78%); 3.143.11 (7.60%)**C NMR (125 MHz)6 171.5,
104.8, 77.1, 64.3, 58.0, 55.2, 52.1, 47.6, 30.2, 26.8, 18.8, 15.2.
32b (more polar): *H NMR (500 MHz, CDC}) 6 5.28 @, J = 1.9
Hz, 1H), 4.25-4.22 (n, 1H), 3.78 d, J = 9.5, 7.1 Hz, 1H), 3.74¢
1H), 3.68 @dd J = 10.9, 9.5, 4.3 Hz, 1H), 3.52y¢, J = 9.5, 7.1 Hz,
1H), 3.06 ¢, J = 2.2 Hz, 1H), 2.18qdd, J = 9.3, 4.8, 2.5 Hz, 1H),
2.06-1.95 (n, 2H), 1.671.53 (n, 3H), 1.43-1.36 (n, 3H), 1.22 ¢, J
= 7.1 Hz, 3H). NOE difference spectra f82b (more polar) (500
MHz): 5.28-5.27 (EtOGH) — 4.25-4.22 (1.34%), 3.553.48 (4.70%),

(41) Tietze, L.-F.; Meier, H.; Voss, ESynthesisl988 274. Weiguny,
J.; Schiger, H. J.Liebigs Ann. Cheml994 225.

169 (62), 154 (28), 139 (100), 100 (50), 71 (17), 98 (29), 58 (18).
Anal. Calcd for GoH17N3O, (211.26): C, 56.85; H, 8.11; N, 19.89.
Found: C, 56.83; H, 8.20; N, 19.94.
3-lodo-2-(2-propenyloxy)tetrahydro-2H-pyran (35). To a solution.
of allylic alcohol (0.68 mL, 10.0 mmol) and 3,4-dihydropyran (1.1 mL,
12 mmol) in dry CHCI, (10 mL) was addedN-iodosuccinimide (2.25
g, 10.0 mmol) portionwise at30 °C under N. After 3 h, the reaction
mixture was diluted with CkCl, (20 mL), washed with water (20 mL),
10% NaS;03 (20 mL), and brine, dried over MgS{Qand concentrated
in vacuo. The residue was purified by FC (hexang)E0:10) to afford
35 (2.56 g, 95%). Colorless oil. IR (neat) 2945, 2851, 1435, 1377,
1352, 1201, 1122, 1068, 1026, 943, 866, 696 tmH NMR (360
MHz, CDCk) ¢ 5.99-5.88 (n, 1H), 5.33 ¢, J = 17.2 Hz, 1H), 5.21
(d, J=10.4 Hz, 1H), 4.68d, J = 5.4 Hz, 1H), 4.26¢d, J = 12.7,5.4
Hz, 1H), 4.14-3.96 (m, 3H), 3.59 (idd J = 11.3, 7.7, 3.6 Hz, 1H),
2.43-2.34 {n, 1H), 2.071.97 (m, 1H), 1.82-1.73 (n, 1H), 1.63-
1.53 (n, 1H).13C NMR (90 MHz, CDC}) 6 133.9, 117.3, 101.4, 68.8,
63.3, 32.6, 29.2, 25.5. MS (CI, GHm/z 269 (MH", 1), 211 (100),
141 (90), 101 (22), 85 (21), 72 (14), 56 (6). Anal. Calcd fgHGIO-
(268.09): C, 35.84; H, 4.89. Found: C, 35.95; H, 4.84.
3-(Azidomethyl)hexahydro-4H-furo[2,3-b]pyran (36). 36 was
prepared according to procedure D frd36 (268 mg, 1.0 mmol),
PhSQON3; (550 mg, 3.0 mmol), (Bssn) (0.76 mL, 1.5 mmol), and
DTBHN (70 mg, 0.40 mmol) added by (5.2 mg, 0.03 mmol) portions
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every 1.5 h. Filtration (hexane then hexane/AcOEt 70:30) and FC 1H), 1.64-1.50 (m, 2H), 0.31 §, 6H).3C NMR (125 MHz, CDC}) 6

(hexane/AcOEt 80:20) gav@6 (77 mg, 42%) as a 85:15 mixture of
two isomers, respectively (GC). Yellow oénde36 (major): *H NMR
(500 MHz, CDC}) 6 5.23 @, J = 3.5 Hz, 1H), 4.01% J = 8.3 Hz,
1H), 3.83-3.74 (n, 2H), 3.64-3.59 (M, 1H), 3.45 @d, J = 7.7 Hz,
1H), 3.36 €id, J = 8.0 Hz, 1H), 2.642.56 (m, 1H), 2.15-2.09 (m,
1H), 1.92-1.82 (n, 1H), 1.77-1.67 (n, 1H), 1.60-1.49 (n, 2H). 2°C
NMR (125 MHz, CDC}) 6 101.7, 68.3, 61.5, 50.2, 40.6, 36.3, 22.8,
19.6.exe-36 (minor): *H NMR (500 MHz, CDC}) 6 5.02 @, J= 3.3
Hz, 1H), 4.29 {, J = 8.7 Hz, 1H), 3.69dd, J = 8.6, 7.2 Hz, 1H)
characteristic signal$3C NMR (125 MHz, CDC4) ¢ 101.8, 71.3, 64.4,
53.5, 41.7, 38.3, 22.6, 20.%2nde36 and exc-36 (mixture of dia-

130.2,130.0, 67.1, 32.3, 24.9, 19:41.9 (2CH;), —13.9. MS (ClI, CH)
m/z 297 (MH*, 10), 296 (M, 27), 281 (7), 199 (4), 169 (32), 161 (35),
97 (7), 81 (100). Anal. Calcd for ¢El1710Si (296.25): C, 36.49; H,
5.78. Found: C, 36.42; H, 5.71.
3-Azido-2-[(trimethylsilyl)methyl]cyclohexanol (39). 39was pre-
pared according to procedure D fr@# (282 mg, 0.95 mmol), PhS8;
(550 mg, 3.0 mmol), (BsBn) (0.76 mL, 1.5 mmol), and DTBHN (16
mg, 0.09 mmol). The reaction mixture was diluted in benzene (15 mL),
treated with MeLi 1.6 M in BEO (3.2 mL, 5.0 mmol) at ®C and
stirred 30 min at room temperature under. Nhe resulting solution
was dissolved in EO (50 mL) and washed with saturated M (30

stereomers): IR (neat) 2939, 2876, 2098, 1452, 1275, 1149, 1026, 952,1). The organic layer was separated and washed with brine, dried

898 cnrl. MS (CI,CHy) m/z 184 (MHT, 21), 156 (100), 141 (35), 125
(35), 111 (24), 95 (55), 82 (43), 56 (8). Anal. Calcd fosHzsN3O-
(183.21): C, 52.45; H, 7.15; N, 22.94. Found: C, 52.29; H, 7.10; N,
22.76.

(2-Cyclohexen-1-yloxy)(iodomethyl)dimethylsilane (37)Jnder N,
(bromomethyl)chlorodimethylsilane (1.36 mL, 10.0 mmol) was added
dropwise to a solution of 2-cyclohexen-1-ol (1 mL, 10.0 mmol),
triethylamine (1.55 mL, 11.0 mmol), and DMAP (122 mg, 1.0 mmol)
in CH.Cl, (20 mL) at 0°C and stirred at room temperature for 1 h.
The crude mixture was dissolved in @, (50 mL), washed with
saturated NHCI (30 mL) and brine (2< 30 mL), dried over NgSQy,

filtered, and concentrated under reduced pressure. The crude materia

was purified by FC (hexane/f2 95:5) to afford the intermediate

over MgSQ, and concentrated in vacuo. Filtration (hexane then hexane/
AcOEt 80:20) and FC (hexane/AcOEt 80:20) ga@8x144 mg, 67%)
as a 86:14 mixture of two isomer¥H{ NMR). Colorless oil.

39 (major): *H NMR (360 MHz, CDC}) 6 3.96 @r s, 1H), 3.34
(td, J = 10.4, 4.0 Hz, 1H), 2.062.01 (n, 1H), 1.9+1.25 (, 7H),
0.89 dd, J=14.9, 4.5 Hz, 1H), 0.70dd, J = 14.9, 9.9 Hz, 1H), 0.05
(br s, 9H). 13C NMR (125 MHz, CDC}) 6 69.7, 63.3, 42.9, 32.3, 18.8
(3 CHy), —0.7 (3 CH).

39 (minor): *H NMR (500 MHz, CDC}) 6 3.64-3.73 (n, 1H)
characteristic signat’C NMR (125 MHz, CDC}) 6 71.2, 64.5, 39.8,
£0-6, 15.7 (3 ChH), —0.7 (3 CHy).

39 (mixture of diastereomers): IR (neat) 3427, 2943, 2098, 1448,

bromide (2.35 g, 94%). A suspension of the bromide (1.24 g, 5.0 mmol) 1415, 1357, 1249, 1151, 1064, 991, 854, 760, 690'cMS (CI, CHy)
and Nal (7.49 g, 50.0 mmol) in acetone (25 mL) was heated at reflux Mz 228 (MH", 5), 212 (10), 200 (20), 184 (24), 110 (38), 96 (100),

for 24 h. The reaction mixture was dissolved in@&t100 mL) and

81 (10), 56 (10). Anal. Calcd for GHxN:OSi (227.38): C, 52.82; H,

washed with HO (50 mL). The organic layer was separated and washed 9-31; N, 18.48. Found: C, 52.88; H, 9.23; N, 18.47.

with H,O (20 mL), 10% NgS;0;3 (30 mL), and brine, dried over

MgSQ,, and concentrated in vacuo. The residue was purified by FC

(hexane/BO 95:5) to afford37 (1.45 g, 98%). Colorless oil. IR (neat)
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