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(R9-1-(2-Nitrobenzenesulfonyl)- andR§-1-(4-nitrobenzenesulfonyl)-3-methoxy-1,2,3,5-tetrahydro-4,1-
benzoxazepines are better substrates than 1-acyl-3-methoxy-1,2,3,5-tetrahydro-4,1-benzoxazepine deriva-
tives for the Lewis acid mediated condensation reaction with pyrimidine bases tdOgN«acetals.
Acetonitrile, stannic chloride, 58C, and a reaction time higher than 48 h are the optimum conditions for
such condensation reactions. Under these conditions, 5-fluorouracil preferably links to the aminalic carbon
through itsN-1"" position, while the attachment of the uracil fragment is throbg8"” or N-1" of the

cyclic or acyclic products, respectively. The causes that influence the course of the reactions are analyzed
and discussed. Examination of th& NMR spectra revealed the presence of a single form for the secondary
aminell and of two conformers for the tertiary sulfonamidésb, 9a,b, and10b and for the amidegd

and 13, with the following distribution: 7a, 59/41;7b, 53/47;9a, 52/48;9b, 59/41;10b, 56/44;7d,

50/50; 13, 80/20. On increasing the temperature, tHeNMR spectrum (DMSQdg) of 7b showed
coalescence at 111C. The torsional barrier determined@¢* value of 19.0+ 0.2 kcal*mot® (79.1+

1.0 kJ-mot1)] proved to be the highest ever observed for sulfonamide moieties.

Introduction Ry o_sOMe
X,Y-Acetals are functional groups consisting of aksarbon E;VC% OMe @(:g
atom attached to two heteroatom groups, where X and Y are Io! N\COCF3
heteroatoms such as oxygen, nitrogen, sulfur, phosphorus, and
so on and are widely utilized as versatile intermediates in organic 13 §1 fggz-geﬂrmgrgi 2
synthesis. The synthesis of the (RS)-N-containing-O,0-acetals ¢ Ry = CO(CHo1CHy
with different electron-withdrawing groups d¥-1 (la—e) or d Ry=COPh
N-4 (2) positions, respectivefyhas been previously reported. e Ry =COCF;
These compounds were designed to serve as scaffolds for thesubstitution product. In this process, the acid coordinates to a
preparation of 5-fluorouraciD,N-acetals. lone pair of one of the heteroatoms to cleave the oxygzmbon

Under acidic conditions, af@,0O-acetal can be activated to bond with the assistance of electron donation from a lone pair
generate an-heteroatom-substituted carbenium ion as a reactive of the other oxygen atom. It is obvious that the reaction of
intermediate, which reacts with a nucleophile to form a unsymmetricaD,O-acetals involves a chemoselective problem,
namely whether the endocyclic or the exocyclic oxygen atoms

* To whom correspondence should be addressed. Phed:-958-243849. are activated by the acid. In this case, these compounds can
Fa)éil)+D314£_5g:V‘i‘l?éi“‘5M_; Rodriguez-Serrano, F.. Gémez-vidal, 3. A; UNJErgo two types of reactions, i.e., substitution of the exocyclic
Marchal, J. A.; Aranega, A.; Gallo, M. A.; Espinosa, A.; Campos, J. M. 0Xygen atom by a nucleophile or ring-opening addition of a
Tetrahedron2004,60, 11547—11557. nucleophile. In this paper, we will describe the condensation
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SCHEME 1. “Normal” and “Abnormal” Derivatives U-containing O,N-acetals present antiproliferative activities
3a,b—10a,b and 7d, 1313, Respectively, Discussed in This against the same cell line that are only 2-fold less active than
Paper their corresponding 5-FU analogs (data not shown). This is an
“Normal" behavior outstanding fact that has not been previously reported in the
Ry R, Base literature, and these compounds may serve as prototypes for
[

the development of even more potent structures, probably

1ab — @ Base + @OH e endowed with a new mechanism of action. Herein, we report

o the first systematic study on the reactions of kheontaining-
0,0-acetalsla—e and 2 with uracils. Finally, some spectro-

3a,b Base =5-FU 7a,b Base=5-FU . N . .
4ab Base = 5-FU° 8ab Base = 5-FUS scopic rules are found that permit by comparison the establish-
5a’b Base=U 9ab Base=U ment of the type of aminalic bondN¢1'" or N-3') occurring in
6ab Base = U® 10a,b Base = U® O,N-acetalic regioisomefs.
“Abnormal” behavior Results and Discussion
1c ——  Low-yield complex mixture Reactions between the RS)-N-Containing O,0-Acetals

1b,a and the Pyrimidine Bases 5-FU and UTo start with,
the O,0-acetallb and 5-FU were used as substrate and
nucleophile with the aim to establish the best reaction conditions
N that could be applied later to the rest of the transformations.
e — @Q OMe Several variables have been changed such as the solvent, the
OMe ratio of the reagents, the temperature of addition of the reagents,
reaction temperature, and the nature of the Lewis acid [SnCl

1d —

H 5FU

1

CFs and Sc(OTHf)]. The variation of the conditions has been oriented
o oéJ\N/\ﬁs'FU toward t_he increment in the_ yields of the cyoﬁbN-acet_aIs to
(j;x OMe the detrlment_ Qf the acyclic ones, becquse of the increased
2 NH * ©\) biological activities of the formé® in relation to the latte?:6
oH The results are shown in Table 1.

All the reactions were carried out applying the same general
12 13 procedure: the silylating agents, 1,1,1,3,3,3-hexamethyldisila-
zane (HMDS) and trimethylsilyl chloride (TMSCI), and the
Lewis acid were added slowly in this order under an inert
atmosphere of argon, over a suspensiodm{1.0 equiv) and
reactions betweerla (and 1b) and the pyrimidine bases 5-FU (see Table 1 for the equivalents used) in the corresponding
5-fluorouracil (5-FU) and uracil (U). Each reaction leads to four solvent (5 mL/mmol oflb). Once the corresponding reaction
possible products such as the two cydigN-acetals in which ~ temperature was reached, the stirring was maintained during
the two pyrimidines are linked to the C-3 atom through their the time indicated (Table 1). The more influential factors turned
N-1" or N-3" atoms (compound8a,b—6a,b, Scheme 1) and out to be the acid Lewis, the reaction temperature and the
the two corresponding acyclid,N-acetals Tap—10ab, Scheme solvent. The use of Sng 150 °C, and MeCN as the solvent has
1). led to the best results.

In contrast to the “normal” behavior depicted by compounds  In recent years, scandium triflate has received considerable
la and 1b, the “abnormal” conduct is represented by acetals attention as a mild Lewis acid for an array of organic
1c—eand?2 in their reactions with 5-FU (Scheme 1). We refer transformationsbecause the catalyst is stable in water and is
to “normal” behavior as that followed by alkoxyheteroxep@nes reusable. Nevertheless, 1.04 equiv of Sc(@Ti) CHxCl, or
and according to it, a saturated seven-membé&rgdt-acetal in MeCN has not been enough to produce tBeN-acetals,
its reaction with 5-FU, after a reaction time of 24 h, gives rise predictably due to the acid consumption in the binding with
to the corresponding cyclic and acycligN-acetals; obviously,  the electron-rich groups that are in the substrates or in the
the “abnormal” one does not follow this pattern. Between the acetonitrile (Table 1).
two (RS)-O,0-acetaldc and 1d, the latter (with the benzoyl
moiety) leads to the acycli®,N-acetalrd, while 1c¢ (with the (3) For the numbering of the compounds, the atoms of the benzoxazepine
butanoyl fragment) does not react with the nucleophile 5-FU. and those of the aminobenzene ring are tagged with numbers without primes,

. . - . . the atoms of the Rgroup are numbered with primes, while the pyrimidine
CompoundLe (with the trifluoromethylacetyl moiety) gives rise  pases are numbered with double primes.
to the acyclidO,N-acetalllin which the benzylic oxygen atom (4) Saniger, E.; Campos, J. M.; Entrena, A.; Marchal, J. A.; Suarez, |.;
is methylated an@ gives rise to the acyclic 5-F®@,N-acetal ?g‘i‘r”aige%r (f\n'z;oﬁg"é‘g“iﬂ?f %‘?1 6’;“0'05' J.; Gallo, M. A.; Espinosa, A.
13, |n_a(_id|t|on tothe nonacetth _compoqtﬁi A” Of_the S'FL_J'_ (5) Campos, J. Mi; Saniger, E.'; Marchal, J. A.; Aiello, S.; Suérez, |;
containingO,N-acetals show in vitro antiproliferative activities Boulaiz, H.; Aranega, A.; Gallo, M. A.; Espinosa, &urr. Med. Chem.
against the MCF-7 human breast cancer cell line in the 2005,12, 1423—1438.

; (6) Saniger, E.; Campos, J. M.; Entrena, A.; Marchal, J. A.; Boulaiz,
submicromolar range (data not shown). Nevertheless, theH.;Arénega' A.: Gallo, M. A.: Espinosa, Aetrahedror2003,59. 8017—

8026.
(2) (a) Campos, J.; Pineda, M. J.; Gémez, J. A.; Entrena, A.; Truijillo, (7) (@) Yadav, J. S.; Subba Reddy, B. V.; Prabhakar Radeirahedron
M. A.; Gallo, M. A.; Espinosa, ATetrahedron1996,52, 8907—8924. (b) Lett. 2000,41, 7943—7946. (b) Corma, A.; GaagiH. Chem. Re»2003,

aThe experimental conditions imply the use of 5-FU or U, HMDS,
TMSCI, and an anhydrous solvent.

Campos, J.; Gomez, J. A;; Trujillo, M. A.; Gallo, M. A.; Espinosa, IA. 103, 4307—-4365. (c) Morikawa, O.; Yanagimoto, H.; Sakakibara, H.;
Farm. 1997,52, 263—269. (c) Campos, J.; Dominguez, J. F.; Gallo, M. Kobayashi, K.; Konishi, HTetrahedron Lett2004,45, 5731-5734. (d)
A.; Espinosa, ACurr. Pharm. Desigr2000,6, 1797—1810. De, S. K.; Gibbs, R. ATetrahedron Lett2005,46, 1811—1813.
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TABLE 1. Several Conditions Studied for the Optimization of the
Reaction between 1b and 5-F®&

(2)‘N02'06H4'?02 (2)‘N02'CGH4'?02

N N
- N\/;\OMe
OMe — Base OH
o} o]
1b

7b Base =5-FU
8b Base =5-FU°

(2)-N02-CGH4-?02 Base

3b Base =5-FU
4b Base = 5-FU®

reaction conditions Lewis acid

and products SnCl (1 M in CH.Cly) Sc(OTfy

obtained (4.0 equiv¥y (1.04 equivy

5-FU (equiv) 2.1 25 15
HMDS (equiv) 3.6 4.0 2.0
TMSCI (equiv) 3.6 4.0 2.0
solvent CHyxCl, CHxXCl, MeCN CHCl, MeCN
addition temp rt 0 0 0 0
of reagents (°C)
reaction temp (°C) 1t 20 50¢ 404 50¢
reaction time (h) 72 47 91 24 24
3b (yield, %) 5 15 no reaction obsd
4b (yield, %) 4 5
7b (yield, %) 13 18 24
8b (yield, %)
total cyclic 0 0.5 0.8
O,N-acetals/
total acyclic
O,N-acetals

JOC Article

TABLE 2. Comparison in the Ratio of Products Obtained in the
Condensation Reactions between la and 1b with 5-FU and3U

Ri Ri
N N
@(}W OMe — @(}M Base
0] o]

3a,b Base =5-FU
4a,b Base = 5-FU®

Ry Base

. N \/3\0Me
OH

7a,b Base = 5-FU
8a,b Base = 5-FU®

1a,b
aRy= SOz-CeH4-N02-(2)

b Rq = SO,-CeHa-NO,-(4) 5a,b Base=U 9a,b Base=U
6a,b Base = U® 10a,b Base = U®
reaction
conditions yield (%)
starting T time total cyclic total acyclic
0O,0-acetal pyrimidine (°C) (h) O,N-acetals O,N-acetals
la 5-FU 40 51 (23) (30)
3a(19)4a(4) 7a(30)8a(—)
U 50 67 (59) (12)
5a(26)6a(33) 9a(12)10a(-)
1b 5-FU 50 91 (20) (24)
3b(15)4b(5) 7b(24)8b(-)
U 50 69 (60) 13

5b (11)6b (49) 9b (11)10b(2)

a All of the reactions were carried out in the presence of the pyrimidine
base (2.5 equiv), Sng(4.0 equiv), TMSCI (4.0 equiv), and HMDS (4.0
equiv) in anhydrous MeCN.

a All the solvents were anhydrous, and the reactions were carried out 13 and 1b have served to determine the influence of the

under argon® When the reaction was performed using 2.5 equiv of SnCl
3.6 equiv of HMDS, and TMSCI and 2.1 equiv of 5-FU, at rt using-CH

as the solvent, no formation of the products was observN@. reaction
was detected when 1.04 equiv of Sc(QTfyas used, although there is
evidence of effective activation of acetals, bearing a nitro group, by catalytic
metal triflates (see ref 8Y.When the reaction temperature varies from 40
to 50 °C these conditions could be considered similar.

When the combination SngCH,Cl, was used at room
temperature, the only product obtained was the acy@li-
acetal7b with a 13% yield. On raising the reaction temperature
to 40 °C, the yield of this product was increased up to 18%,
and moreover, the formation of the cycli;N-acetals through
theN-1" (3b) andN-3" (4b) bonds was observed, although with

substituent on th&l-1 atom of the benzoxazepine moiety (the
2-nitrobenzenesulfonyl group against the 4-nitrobenzenesulfonyl
one) and the nucleophile used (5-FU against U) in the course
of the reaction. Some comparative data and their corresponding
to theoretical proposals are detailed as follows.

Several differences can be noticed on comparing the results
obtained with those previously attained with tR&-O,0-acetal
14? (SnCl/MeCNI/rt): (a) the higher yields ofRS)-1-(2,3-
dihydro-8H-1,4-benzodioxepin-3-yl)-5-fluorouratiin relation
to its benzoxazepine counterparts, and (b) the formation of cyclic
and acyclicO,N-acetals but with no formation of the corre-
sponding acycli®©,N-acetal in the former. Because of the fact
that both reaction conditions are comparable, such differences

low yields (5% and 4%, respectively, see Table 1). When the may be due to structural characteristics of BgD-acetalic
solvent was changed to MeCN, a general increase of the yieldssubstrates. Scheme 2 shows the reaction mechanism for the

of all the products was noticed, especially in the casgbofin

formation of17 (route A), 3a,b—6a,band7a,b, 8a, 9a,b, and

general, the increase in the temperature of the reaction augment40b (route B).

the yields of all the products obtained and in particular that of
the formation of the cycli®,N-acetals. This influence of the

temperature could be expected for any nucleophilic reaction.
On the other hand, basically there exist two reaction times:

The most distinctive feature between both rovdeandB is
one of the sites of coordination between SN@1 the two cases,
the second anchorage position is the exocyclic acetalic oxygen
atom) and the seven-membered ring: i.e., wher>O the

lesser and higher than 48 h, i.e., on increasing the reaction timechelate is established with the ether@al atom, leading t46

up to 48 h, there is no variation on the yields of the several

through cyclic oxocarbeniurh5; and when X= NSO,-CeHy-

final products as can be stated by TLC. No reaction was detectedNO-(2 or 4)- the other coordination location is the endocyclic

when 1.04 equiv of Sc(OTf)was used, although there is

acetalic oxygen atom (rout®) and not the sulfonyl nitrogen

evidence of effective activation of acetals, bearing a nitro group, atom because its basicity is very low. In this ca3&,b—6a,b

by catalytic metal triflate§. Those conditions that led to the

are formed through cyclic oxocarbenium ichga,b (route A),

best outcome (see Table 1) were used with the later reactionswhile acyclic oxocarbenium ionk3a,blead to7a,b,9a,b, and

(the three remaining combinations between@h®-acetalslab

10b (route B). Moreover, the following features ola,b

and the pyrimidine bases 5-FU and U). Table 2 shows a modulate the reactivity of their acetalic functional group: The

summary of all the results obtained.

Effect of the Isosteric ChangeO — N-EWG: Comparison
between la and 1b and 15The results obtained in the
formation of the 5-FU and ®,N-acetals from th®,0-acetals

(8) Sakai, N.; Hirasawa, M.; Hamajima, T.; Konakahara, TJ.JOrg.
Chem.2003,68, 483—488.

presence of bulky substituents close to the acetalic function in
benzoxazepines, such as the nitrobenzenesulfonyl group, might
hinder the approach of the Lewis acid (mainly to the exocyclic
acetalic oxygen atom) and the pyrimidine base, causing a
deceleration of the reaction and a decrease of the yields. On
the other hand, the centers with high electronic density, such
as the nitro or sulfonyl groups, are able to coordinate with the

J. Org. ChemVol. 71, No. 3, 2006 1045
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SCHEME 2. Differences in the Mechanistic Outcome between th®,0-Acetals 14, 1a, and 1b
AAAA \\SrlC]4
A o= :
— OMe —™
g @
X
C ClySn
Ry 52
oFE
5 i
0]
14 X=0
1a X =NSO,-CgHs-NO,-(2) \
1ib X = NSOz-CeH4-N02-(4)
SCHEME 3. Inability for the Formation of Benzoxazepines

3a,b—6a,b through Neighboring-Group Participation of the
Sulfonylamino Group of 1la,b

(2- or 4)NOyCeHy-80, Base & OF4INOzCeHa80;

18ab — Me _5¢ .
SnCly
19

Base

CNI
@QN?‘;C@ — 3a,b-6a,b

OTMS
20

OTMS

Lewis acid, consuming it. This could be the reason for the need

of high quantities of acid, which affect the regioselectivity, the
reaction rate and the yields. And finally, the electron-withdraw-
ing nature of the nitrobenzenesulfonyl group would prevent the
neighboring-group participation of tié1 atom of19 (Scheme

3) in the cyclization process through the aziridinium Ry as
has been stated for the formation of benzodioxepin 5arN-
acetals, through an oxyranium ién.

Effect of the Substituent on theN-1 Atom of the O,0O-
Acetals 1la and 1b and the Nucleophile in the Result§:rom
Table 2 the following consequences are inferred:

(1) The total yields in the formation of the cyclic and acyclic
O,N-acetals froniaare very similar to the ones obtained from
1b.

(2) The reactivity of U is superior to that of 5-FU, the former
giving rise to higher yields in the total formation of products
(72% and 73%) than the latter (56% and 44%), fribenand
1b, respectively.

(3) The ratio “cyclic O,N-acetals/acycli®©,N-acetals” ob-
tained in the reactions with 5-FU and U presents very similar
values forla and1b (0.8 for both substrates in their reactions
with 5-FU; 4.5 and 4.6, respectively, in their reaction with U).

SCHEME 4. Equilibrium between the & Complex 22,
Silylated Base 21, and SnGl

OoTMS OTMS
NN X snCl, N X
)\\ | N
T™MSO” °N TMSO™ "Ny
SnCI4
©
21a X=H 22a X=H
b X=F b X=F

any formation of acyclic 5-FU and @,N-acetals with N-3
aminalic bonds.

Formation of theo complexes between Lewis acids and
silylated bases is dependent on the acidity of the former as well
as on the basicity of the silylated heterocyclic bases. Although
the pk; values for silylated heterocyclic bases have not been
determined, the pKvalues of the closely related pyrimidine
bases can be used for purposes of comparison: the increase in
basicity from 5-FU (Ko = 7.93)9to U (pKa = 9.42)% explains
why 2,4-bis(trimethylsilyloxy)uracil (21a, Scheme 4) forms
strongeto complexes than 2,4-bis(trimethylsilyloxy)-5-FR1(b,
Scheme 4). Furthermore, in the equilibrium between t¢he
complex22a, silylated bas@laand SnCJ, the SnCJ will stay
close to the electron-rich center at tRel atom. In this slightly
dissociated form, thil-1 atom is still blocked and th¥-3 atom
is available. Then, thbl-3 atom reacts with the oxocarbenium
ion to form the “less common” cyclitl-3" U O,N-acetalfa
and6b in higher yields (33% and 49%, respectively) than the
corresponding cyclitN-1"" U O,N-acetalda and5b (26% and
11%, respectively). On the other hand, since k8 atom in
21bis sterically more encumbered than tNel atom, higher
yields are obtained in the formation of the cychiz1" 5-FU

In the two benzoxazepines, the yield of the acyclic compounds O,N-acetal8a and3b (19% and 15%) than the corresponding

is higher than that of the cyclic ones when 5-FU is used. The
contrary holds true when U is used.

(4) In the formation of the cycli©,N-acetals, 5-FU and U
differ in the position through which they establish the bonding
to the benzoxazepine rings. 5-FU mainly links throughNitg
atom, while U does so through it$3 atom. The ratio of cyclic
N-1"/N-3"O,N-acetal derivatives presents similar values from
laandlb (4.8 and 3.0, respectively). Nevertheless, the cyclic
derivatives of U present differeiN-1"/N-3" ratios fromlaand
1b (0.8 and 0.2, respectively), this being the only difference

cyclic N-3" 5-FU O,N-acetals4a and 4b (4% and 5%,
respectively).

Acetonitrile also competes with the silylated 5-FU base for
the Lewis acid SnGlto form the corresponding complexes.
Consequently, the most electron-ridkl atom of the silylated
5-FU is only partially blocked by complex formation with SaCl
so that the nucleophilibl-1 atom can react with the oxocarbe-

(9) Vorbriiggen, H.; Ruh-Pohlenz, C. Synthesis of nucleosides. In
Organic Reactions (New YorkPaquette, L. A., Ed.; John Wiley & Sons:
New York, 2000; Vol. 55, pp +630.

observed in the behavior of both benzoxazepines. There is hardly (10) Privat, E.; Sowers, LMutat. Res1996,354, 151—156.
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+0.399

FIGURE 1. Cyclic carbenium iondl7a (left) and 17b (right). The

distance between interacting groups and the charges on the positiv
carbon atom and the oxygen atoms of the nitro group are shown.
Calculations have been carried out by means of HF 6-31G* optimized

with Gaussiar?

nium ion to produce th&l-1" 5-FU O,N-acetal. If, however,
SnCl, blocks most of theN-1 atom of 5-FU bys-complex
formation, only the less basic and reactiv« atom is available
to condense with the oxocarbenium ion to give the “less
common”N-3" 5-FU O,N-acetal. Therefore, the ratio between

e

JOC Article

+0.438

FIGURE 2. Acyclic carbenium ionsl8a (left) and 18b (right). The
distance between interacting groups and the charges on the positive
carbon atom and the oxygen atoms of the nitro group are shown.
Calculations have been carried out by means of HF 6-31G* optimized
with Gaussiart?

The experimental results obtained are in line with this
hypothesis, and a lesser formation of products througiNti3e
atom is noticed in the reaction betwetamand U. 5-FU hardly
reacts through its slightly nucleophilid-3 atom. In short, the
interactions due to the nitro group result in higher yields of
products with arN-1"" aminalic bond and lesser ones with an

the free and the complex form of the silylated base is dependent@Minalic N-3 one derived fronia. Nevertheless, there is no

on the polarity of the solvent. The more nucleophilic solvent
acetonitrile, which formsr complexes with SnG} competes
with the silylated 5-FU bas21b for the electrophile to form
the o complex22b and simultaneously favors the formation of

the corresponding oxocarbenium ion. Consequently, more

stabilization by the nitro group in the oxocarbenium ion derived
from 1b, thus leaving the C-3 electron-deficient atom free for
the silylated pyrimidine approach and subsequent nucleophilic
attack (right-hand oxocarbenium ion, Figure 1).

On the other hand, an interaction might exist between the

silylated base and more oxocarbenium are present in acetonitrile cationic position and other electron-rich groups in the acyclic

and thus more of thBl-1"" 5-FU O,N-acetal88a,b (or 7a,b) are
formed. In short, due to its polarity acetonitrile will stabilize
the oxocarbenium ions and will improve both the solubility and
nucleophilicity of the pyrimidine.

Keeping in mind the structures of the two substratesind
1b, itis logical to think that any difference observed in behavior
during their transformation into th®,N-acetals is due to the

oxocarbenium ions, such as the oxygen atoms of the sulfonyl
groups (Figure 2) that could approach each other due to the
flexibility of the acyclic chains. This fact could explain the
practically null formation of acycli®©,N-acetals with aminalic
N-3" bonds (see Table 2).

Lewis Acid Mediated Reactions of RS)-1c—e with 5-FU.
N-Acyl compoundslc, 1d, and le were subjected to the

position of the nitro group on the benzenesulfonyl moiety. Figure nucleophilic attack of 5-FU in the presence of Sn@hd Sc-
1 shows the optimized geometry (ab initio) and the partial atomic (OTf)s. From the results of these three compounds, we can
charges of the possible oxocarbenium ions intermediates in thecompare the behavior of carbonyl derivatives veithydrogens

formation of compounds3a,b—6a,b, calculated using the
Hartree—Fock Hamiltonian at the 6-31G** level (Gaussian
98)12 In the intermediate derivated from compoufe, an

(1c) and without theml(d, 1e), as also with a high electrophilic
carbonyl group1d). Such reactions have not led to the expected
products, presumably due to the interferences caused by the

interesting attractive interaction occurs between one of the carbonyl groups in the evolution of the reaction. There has been

oxygen atoms of the 2-N{group (negatively charged) and the

reported a great capacity of coordination for the SriGlthe

electron-deficient carbon atom C-3. Such an attractive interactioncarbonyl groups of esters and amide@etween theN-
would constitute a steric hindrance for the nucleophilic attack containing©,0-acetalslc—e, only theN-benzoy! derivativeXd)

of the silylated pyrimidine, and it would specially affect the
attack through the more sterically hinderde3 position (left-
hand oxocarbenium, Figure 1).

(11) Beattie, I. R.; Rule, LJ. Chem. Socl964, 3267—3273.

(12) Gaussian 98, Revision A.7. Frisch, M. J.; Trucks, G. W.; Schlegel,
H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.;
Montgomery, J. A., Jr.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam,
J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.;
Barone, V.; Cossi, V.; Cammi, R.; Mennucci, V.; Pomelli, V.; Adamo, C;
Clifford, S.; Ochterski, V.; Petersson, V.; Ayala, P. Y.; Cui, Q.; Morokuma,
K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.;
Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R. L.;
Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.;
Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, W.;
Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon, M.; Replogle,
E. S.; Pople, J. A. Gaussian, Inc., Pittsburgh, PA, 1998.

afforded one of the expected compounds, though with a low
yield (5% of 7d using SnCJ and room temperature in MeCN).
When Sc(OTf) was used in MeCN at 40C the yield of the
acyclic O,N-acetal7d increased slightly (11%) but no cyclic
O,N-acetal was isolated. Compourd led to a low-yield
complex mixture of unidentified compounds.

Reactions were carried out at room temperature in order to
avoid amide breakdown. The amount of Lewis acid needed for
the reaction progress was lower than that for the nitrophenyl-
sulfonyl derivatives [3.0 equiv of Sngfor compoundslcand
1d and 1.4 equiv of SnGlor 0.6 equiv of Sc(OTH for 1d,
while in the case of the nitrobenzenesulfonamitlasnd 1b,

4.0 equiv of SnCJwere used (see Table 1)]. Compouteled
to the acyclic product (11) (yield 16%). The formation of the
unexpected compoundil might be explained by the initial
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SCHEME 5.
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formation of the nonisolated compoun&3, whose most
important characteristic is the presence of a very electrophilic
carbonyl group (CECO) and the nucleophilic OH group in the
same molecule (Scheme 5).
electrophilicity of the carbonyl group might be increased by
the coordination of the Lewis acid and the nucleophilicity of
the benzylic OH group by silylation. Other nucleophiles in the
reaction medium (stabilized methoxy ions) contribute to the
formation of acyclicO,N-acetalll. The Lewis acid mediated
nucleophilic attack to carbonyl groups has been repdftgte

In the reaction medium, the

Diaz-Gavilan et al.

have to be pointed out: (a) no cyclic 5-FO,N-acetal was
detected, and (b) together with the acydligN-acetall3, the
apolar nonacetalic compouri® was obtained in a 55% yield
(Scheme 1).

The formation ofL2 may be explained by silylation or SnCl
coordination to both the carbonyl oxygen and the acetalic
methoxy group and the subsequent elimination of methyl
trifluoroacetate and hydrochloric acid (Scheme 6).

Spectroscopic Analysis of Cyclic PyrimidineO,N-Acetals
3a,b—6a,b. Conformational information was obtained by
NOESY studies or8b and4b and NOEdiff studies oba and
6a. All these experiences have been carried out in acetgne-d
(400 MHz). The face of the molecule containing the H-3 proton
was denominated as.. Those protons that showed NOE
interaction with H-3awere designated as, while those that
were located on the opposite face of the molecule were
designated a8. The values of coupling constants between H-2
and H-3x confirm thetransdisposition between Hf2and H-3x
(ranging from 9.3 to 10.1 Hz) and ttoés disposition for H-2x
and H-3x (their coupling constants ranging from 1.8 to 2.2 Hz).
Accordingly, the denominations H-28nd H-2a have been
generalized to all the cyclic molecules for those H-2 atoms that
showed the higher and lower coupling constants withoi-3
respectively. In compoun@b, the interactions H{2—H-6"
(characteristic of al-1" aminalic bond), H-8—H-5a, H-54—

H-6 and H-31—H-2' have been detected by means of a NOESY
experience. The interaction H32H-6"" is compatible with our
previous findings according to which, in compourz# and
254 the seven-membered rings have a chair conformation with
the 5-FU fragments in equatorial positions, and the'tatbms
pointing out toward the heptagonal moiety.

Y
Ao

N

Hog Hg:

F[3(1 O

24 X=0Y=F
25 X=8 Y=H

Figure 3 depicts the NOESY interactions for compouBlds

proposed mechanism is depicted in Scheme 5. The proposedtb, and the NOEdiff ones for compoun8a and 6a.

structure ofl1 will be discussed later on (vide infra).

Lewis Acid Mediated Reaction of (RS)-2 with 5-FU.The
reaction was carried out with 5-FU (1.2 equiv), HMDS (1.2
equiv), TMSCI (1.2 equiv), Sngl(1.2 equiv), and anhydrous

On the other hand, resonance of H-B those compounds
in which N-1"" was linked to the acetal moiety appeared as a
double doublet of doublets (three coupling constants, withodd-2
H-24 and F). When pyrimidine was linked through &&3"

MeCN under argon at room temperature and 70 h of reaction atom, long distance coupling-H was not transmitted through

time (Scheme 6). Again, the quantities of the Lewis acid and

the carbonyl groups and H33appeared as a double doublet

the remaining reagents necessary for the reaction to take placdfrom H-2ocand H-2coupling)®
were lower than in the case of the nitrobenzenesulfonamide Tables 3 and 4 show théH and *C NMR data for

derivatives. The acyclic productl8) was obtained with a
moderate yield (33%) when stirring of the reaction was
continued for 70 h (after 24 h, most of the initial product
remained unchanged). It is worth comparing the stability of the
acyclicO,N-acetal23 (nonisolated, Scheme 5) at8 (Scheme
1). The stability ofl3 compared with the unstability &3 might

be explained by the lesser nucleophilicity of the phenolic OH
group in relation with the benzylic OH one for the attack on
the carbonyl group of the trifluoroacetyl moiety, whose elec-
trophilicity, is increased in the case 28 because of the aniline
nature of theN-1 atom that bears it. The two following facts

(13) Tsujimoto, T.; Murai, ASynlett2002,8, 1283—1284.
1048 J. Org. Chem.Vol. 71, No. 3, 2006

compounds3a,b—6ab. The unambiguous assignment of the
proton and carbon atoms were confirmed by HMQC5a
(acetone-gl 300 MHz).

Some common spectroscopic characteristics have been found
by comparing théH and3C NMR spectra (acetong) of 5-FU
and U cyclicO,N-acetals that present the sahil” or N-3"
aminalic bonding:

(1) The resonance signals corresponding to theSHad
H-3a atoms always resonate at higher fields for tRel”
aminalic compounds than for tHé-3" ones.

(14) Nifez, M. C.; Entrena, A.; Rodriguez-Serrano, F.; Marchal, J. A,;
Aranega, A.; Gallo, M. A.; Espinosa, A.; Campos, J. Tétrahedror2005
61, 10363—10369.
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FIGURE 3. Representation of the NOESY interactions (with double-tipped arrows) for comp@&imasd 4b and NOEdiff interactions (with
single-tipped arrows) for compounés and 6a.

TABLE 3. 'H NMR (rt) Data Obtained for the Cyclic O,N-Acetals 3a,b—6a,b

H-2a H-2p3 H-3a H-5a0 H-53 H-5" H-6"
Jao—25,
Joa—2p Joa—2p, J3o—2a Js—6, Jo—s5,
compd o Joa—3a 0 J2p-3a 0 J3o—F o Jsa—s5p 0 Jsa—s5p 0 J5'—NH o Je'—NH
3a 4.53 14.9 3.64 14.9 5.94 10.0 4.84 4.84 7.80 6.8
dd 2.1 dd 10.1 ddd 1.8 s s d
1.8
4a 4.44 15.1 4.55 15.0 6.20 9.4 4.78 4.78 7.69 6.1
dd 2.2 dd 9.3 dd 2.1 S S pt 5.4
3b 4.64 15.0 3.57 15.0 5.82 10.0 4.70 13.9 4.29 13.9 7.73 6.8
dd 2.0 dd 10.1 ddd 1.7 d d d
1.7
4hP 4.54 14.9 4.44 14.9 6.12 9.3 4.62 13.8 4.20 13.8 7.68 5.2
dd 2.2 dd 9.3 dd 2.0 d d d
ba 4.54 15.0 3.61 15.0 5.93 10.1 4.82 4.82 5.59 7.9 7.54 8.1
dd 2.1 dd 10.1 ddd 2.1 s S dd 1.3 d
6a 4.41 15.0 4.57 15.0 6.24 9.6 4,77 4.77 5.58 7.7 7.43 7.7
dd 1.8 dd 9.6 dd 1.9 S S d 1.6 dd 6.0
5be 4.42 15.1 3.60 14.9 5.74 8.5 4.75 13.8 4.35 13.8 551 8.1 7.53 8.1
dd NDA dd 10.1 bd d d d d
6b 4.41 15.0 4.26 15.0 6.03 7.8 4.69 13.7 4.25 13.3 5.56 7.6 7.43
dd 1.8 dd 9.4 dd NB d d d m

a Chemical shifts are expressed in ppm and the coupling constants (J) in hertz (Hz). Unless otherwise stated, the spectra were ruggn°Betome-
drops of CRQOD were added to the acetodg-¢ DMSO-¢s. 9 ND: Not determined.

TABLE 4. 13C NMR (rt) Data Obtained for the Cyclic O,N-Acetals 3a,b—6a,b

C-2 C-3 C-5 C-2 Cc-4" C-5" Cc-6"
compd‘ o) o) o) o) o) Ja—g 0 Jsi—g o) Jo'—F

3a 53.8 84.2 71.1 148.6 156.7 26.5 140.8 231.4 124.7 34.7
s s s s d d d

4P 53.8 ND 72.8 150.5 157.0 24.8 139.8 331.6 123.5 31.8
s s s d d d

3b 53.5 83.4 71.0 150.7 156.5 33.2 140.7 231.3 124.4 34.8
s s S s d d d

4h° 54.2 84.7 72.5 150.2 158.2 25.0 140.6 226.6 125.7 32.5
s S S S d d d

5a 54.0 84.1 71.1 150.0 162.6 102.2 140.2
S S S (S S s S

6a 54.3 84.4 71.8 151.0 162.8 100.5 140.8
S S S S S S S

5hd 53.6 83.8 70.8 150.7 163.4 102.5 141.4
s s s s s s s

6bd 53.8 83.6 71.5 151.4 163.2 100.5 142.3

S

S

S

S

S

S

S

a Chemical shifts are expressed in ppm and the coupling constiuitshertz (Hz). Unless otherwise stated, the spectra were run in acdioh&pectrum
registered in CDGlwith some drops of acetord ¢ Some drops of CBDD were added to the acetodg-¢ DMSO-ck.

(2) The resonance signals corresponding to theoHad
H-6" atoms always resonate at lower fields for My aminalic
compounds than for thN-3" ones.

(3) The coupling constant H-24-H-3always presents a
higher value inO,N-acetals with the aminalid-1" bond than
in compounds with the aminalid-3" one.

(4) The resonance signal corresponding to the C-5 atom
always appears at higher fields foyN-acetals with the aminalic
N-1" bond than in compounds with the aminahe3" one.

(5) The coupling constants C*4F and C-6—F always
present higher values {D,N-acetals with the aminalid-1" bond
than in compounds with the aminali¢-3" one.
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SCHEME 7. Synthesis of 26
NO,
0=8=0 OM Ho QMe
=S= e
& PhSH, K,CO4 N\)""s.FU
Cﬂ/ DMF, rt OH
OH when Z = 5-FU
7b Z=5FU 26 (41%)
27 Z=OMe

Spectroscopic Analysis of Acyclic PyrimidineO,N-Acetals.
The!H and3C NMR spectra of acyclitN-1-sulfonyl andN-1-

Diaz-Gavilan et al.

presence of two conformers at room temperature. As the only
difference betweefib and27 s the presence of the 5-FU moiety
in the former, instead of the methoxy group in the latter, the
existence of two conformers ifb can be inferred. The presence
of both sulfonamido and pyrimidine fragments is necessary.
Moreover, as the diastereotopic character of the hydrogen atoms
of the NCH moiety is shown in both compounds and 27,
this peculiarity is independent from tl@@ N-acetalic nature of
7d.

5-FU O,N-acetals with amN-1" aminalic bond were identified
from the coupling pattern of the aminalic proton as a ddd, due
to the H-3-H-2a, H-3—H-24 and H-3-F couplings. In the case
of U O,N-acetals the identification of thé¢-1"" aminalic bond

acyPs O,N-acetals at room temperature show the existence of Was carried out from the coupling pattern of H-&s a d, as a

two structures for each of the sulfonamidiegb, 9ab, and10b
and for each of the amidesd and 13, with the following
distribution: 7a, 59/41;7b, 53/47;9a, 52/48;9b, 59/41;10b,
56/44;7d, 50/50;13, 80/20. This fact does not occur in the
secondary amin@6 (Scheme 7), which appears as a single
structure. Compound6 was obtained by the elimination of the

consequence of its coupling with H-5".

The structure proposed fdrl is based on the analysis of its
IH and3C NMR. The existence of only one structure at room
temperature for this compound and the chemical shift of C-2
(6 46.46 ppm), not affected by the -M effect of the amide
moiety, suggest thalN-1" is unsubstituted. In26 with a

4-nitrobenzenesulfonyl group under the conditions reported by Sécondary amino group, C-2 appears &6.50 ppm, while in

Fukuyama et al® with a yield of 41% (Scheme 7).
The N-1-tertiary sulfonamide adopts certain orientations,

nonconvertible between each other, in such a way that two

conformers may be observed. Next we decided to stiktly

NMR high-temperature experiments in order to determine the

coalescence temperature of such a dynamic procé&ss From

the H-6", the aminalic and the benzylic protons, we have

calculated am\G* value of 19.04+ 0.2 kcal-mot? (79.14+ 1.0
kJ-mol1) using the Eyring equatidh!® at a coalescence
temperature (J of 110 °C for 7b. Slow rotation about the S\

bond in N,N-disubstituted nonafluorobutane-1-sulfonamides

have been detected by NMR measureméhfEhe torsional
barriers determined (62—71 kJ-mé) proved to be the highest

compounds substituted with electron-withdrawing groupings on
N-1, it appears between54.11 ppm and 51.47 ppm. On the
other hand, inll the benzylic carbon atom appears at lower
fields (6 74.06 ppm) than in the remaining of the acyd¢N-
acetals (betweed 60.59 ppm and 59.51 ppm in sulfonamides,

0 64.19 ppm in the amin26 ando 60.31 ppm in the benzamide
7d). This supports the linkage between the benzylic oxygen atom
to a group of a higher electron-releasing ability than the
hydrogen atom, as the methyl group. The MS and elemental
analysis finally confirm the proposed structure.

Conclusions

The 1-(2- or 4-nitrobenzenesulfonyl)substitu@dD-acetals

ever observed up to now for sulfonamide moieties; nevertheless,1a and 1b are better substrates for the Lewis acid mediated

the AG¢* value found for7b is considerable higher and is
comparable to those calculated for carboxylic acid amifles.

condensation reaction with pyrimidine bases than the corre-
sponding 1-acyl-O,0-acetals derivatives. Cyclic and acyclic

This is worth pointing out because the S atom of the sulfonamido O,N-acetalic products are obtained in the condensation reaction

moiety normally exhibits a much lower tendency stebond,

of 1a and 1b with 5-FU or U, in the presence of SnCand

and in consequence the barriers to rotation in sulfonamides areMeCN. Proportions differ according to the pyrimidine base used.
expected to be much lower than those of carboxylic acid amides.5-FU lead to the formation of a higher proportion of acyclic

Probably, the highly electron-withdrawing effect of the (4)-NO
group favors the dipolar resonance witk=S, in which the
positive charge is maximally transferred from the sulfur atom
of the sulfonamido group to the N atom. An important fact is
that the acyclidO,0-acetalic compoun®7' does not show the

(15) The study of the two isomers of the acydNeacyl derivatives is
complicated as there is the possibility of rotamers through\th€0 bond.

(16) Fukuyama, T.; Jow, C. K.; Cheung, Metrahedron Lett1995,
36, 6373—6374.

(17) Kemp, W.NMR in Chemistry. A Multinuclear Introductipihe
MacMillan Press Ltd.: London, 1986; pp 15868.

(18) The rate constankd) and the free energy of activationG.") at
the coalescence temperaturie)(were calculated using Gutowsky (1) and
Eyring (2) equations, respectivelw is the limiting frequency separation.
For equations (1) and (2), see ref 17.

k.= 7(Av)/~/2 Gutowsky eq 1
AGC* =19.12T(10.32+ log T, — log k) Eyring eq 2
(19) Lyapkalo, I. M.; Reising, H.-U.; Schéffer, A.; Wagner, Helv.
Chim. Acta,2002,85, 4206—4215.
(20) ki, M. Methods in Stereochemical Analysis. VVolume 1. Applications

of Dynamic NMR Spectroscopy to Organic ChemistZH Publishers:
Deerfield Beach, 1985.
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products than the cyclic ones, the opposite situation taking place
from U. 5-FU links preferably to the acetalic position through
its N-1" atom, while U does so through-3" or N-1" of the
corresponding cyclic and acyclic products, respectively. The
determination of which nitrogen atom of the pyrimidine bases
is involved in the aminalic bond can be deduced from the
multiplicities observed for certain signals in thé NMR spectra

or by means of NOESY or NOEdiff experiments. Moreover,
spectroscopic characteristics exist (chemical shifts and coupling
constants of certain hydrogen and carbon atoms) that permit
by comparison the establishment of the type of bonding
occurring in each of the members of a pair of the 5-FU or U
O,N-acetalic regioisomers.

Experimental Section

The general methods were the same as those previously
described.?* One-dimensional NOE-difference experiments were
performed by irradiation fo4 s in aseries of eight scans with

(21) Saniger, E.; Diaz-Gavilan, M.; Delgado, B.; Choquesillo, D.;
Gonzélez-Pérez, J. M.; Aiello, S.; Gallo, M. A.; Espinosa, A.; Campos, J.
M. Tetrahedron2004,60, 11453—11464.
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alternating on- and off-resonance. The irradiating power was set (dd, Jyem 28-20= 14.9 Hz,J23-35 = 2.2 Hz, 1H, H-3), 4.44 (dd,

low to achieve selectivity. The NOESY speétwere recorded
using a 256x 1024 data matrix and 256 time increments of each

Jyem 720 = 14.9 HZ, D435 = 9.3 Hz, 1H, H-21), 4.20 (d.Jgem 5-50
= 13.8 Hz, 1H, H-B); 13C NMR [(CDs),CO/drops CBOD, 100

16 scans (mixing time 0.5 s), in a phase-sensitive mode, and MHz] 6 (ppm) 158.2 (dJc—¢ = 25.0 Hz, C-4""), 140.6 (dJc—F =
processed with a Gauss apodization function. The HMQC spectra226.6 Hz, C-8), 151.4, 150.2, 147.6, 140.2 and 138.7 (C-5a, C-9a,

(inv4gs in the standard Bruker software) resulted from a 256
1024 data matrix size with 1664 scans pet; depending on the

C-1, C-4,C-2"), 130.9, 130.2, 129.5, 129.4 and 125.7 (CH-6, CH-
7, CH-8, CH-9), 125.7 (dJc_r = 32.5 Hz, C-6), 84.7 (CH-3),

sample concentration and inter-pulse delay of 3.2 ms and a 5:3:472.5 (CH-5), 54.2 (CH-2); HR LSIMS calcd for GeH1sN,O7FSNa

gradient combinatiof?

General Procedure for the Reaction betweenRS)-3-Methoxy-
1-(nitrophenylsulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxazepines and
Pyrimidine Bases. Method A. Synthesis of RS)-1-{2-[N-(2-
Hydroxymethylphenyl)-4-nitrobenzenesulfonamido]-1-methoxy-
ethyl}-5-fluorouracil 7b. A 1.0 M solution of SnCYCH,CI, (4.0
equiv) was added dropwise with stirring under argon at room
temperature to a suspensionldi (1 equiv) and 5-FU (2.1 equiv),
which contains TMSCI (3.6 equiv) and HMDS (3.6 equiv) in
anhydrous MeCN (5 mL/mmol afb'). After 72 h of stirring, the
reaction was quenched by the addition giCHand neutralization
with a 10% aqueous solution of NaHg@@nd extracted with EtOAc
(3 x 20 mL). The organic layers were pooled, dried {8@),

(M + Na)*t 485.0543, found 485.0545. Anal. Calcd fogd8;s
N40O;FS-0.65H0: C, 48.14; H, 3.46; N, 11.82. Found: C, 47.84;
H, 3.48; N, 12.01.

7b: elution by flash chromatography EtOAc/hexane:1.5/1, or
CH.Cl,/MeOH 0.2/10;Rs (2/1, EtOAc/hexane) 0.20; white solid;
mp 142—143C; (CDCk, rt isomer A (59%)jsomer B(41%))H
NMR (CDCl;, 300 MHz) 6 (ppm) 9.18 (bd Jyw-r = 4.6 Hz, 1H,
NH), 8.88 (bd,Juw—F = 4.3 Hz, 1H,NH), 8.34 (dJ3—» = J5—¢ =
8.8 Hz, 2H, H-3, 5), 8.33 (d,J3—» = Js—¢ = 8.8 Hz, 2H,H-3',
5", 7.80 (dJy—3 = Jg—5 = 8.8 Hz, 2H, H-2, 6), 7.76 (d,Jy—3 =
Jo—5 = 8.8 Hz, 2H,H-2', 6'), 7.72—7.68 (m, 1H1H), 7.47—-7.40
(m, 1H, 1H), 7.35 (d,Je'—r = 5.5 Hz, 1H, H-6), 7.22—7.18 (m,
1H, 2H), 6.49 (d,J = 7.8 Hz,1H), 6.44 (d,J = 7.8 Hz, 1H), 5.70

and filtered, and the solvent was removed under vacuum. The (ddd, Jcuchzn = 6.3 HZ, Jaminaiic c—r= 1.5 Hz, 1H, aminalic H),
residue was purified by flash chromatography under gradient elution 5.55 (ddd Jchchzn = 5.9 Hz, Jaminaiic cv-r= 1.6 Hz, 1H,aminalic

conditions using mixtures of Gi€l,/MeOH or EtOAc/hexane, and
7b was obtained (13% yield).

Method B. Synthesis of RS)-1-[1-(4-Nitrophenylsulfonyl)-
1,2,3,5-tetrahydro-4,1-benzoxazepine-3-yl]-5-fluorouracil 3b,
(RS)-3-[1-(4-Nitrophenylsulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxaze-
pine-3-yl]-5-fluorouracil 4b, and (RS)-1{2-[N-(2-Hydroxy-
methylphenyl)-4-nitrobenzenesulfonamido]-1-methoxyethyi-5-
fluorouracil 7b. The differences in relation to method A are the
following: 5-FU (2.5 equiv), TCS (4.0 equiv), HMDS (3.6 equiv),
temperature of addition of the reagents was@ the reaction
temperature was 4%C, and the reaction time 47 h. After the usual
workup, 3b (5%), 4b (4%), and7b (18%) were obtained.

Method C. The differences in relation to method B are the
following: the solvent was anhydrous MeCN and the reaction
temperature 50C. After the usual workup3b (15%), 4b (5%),
and7b (24%) were obtainedb: elution by flash chromatography
EtOAc/hexane 1/1, or Ci€l,/MeOH 0.2/10;R: (1/1, EtOAc/
hexane) 0.33; white solid; mp 17475°C; IH NMR [(CD3),CO,
300 MHz] 6 (ppm) 10.60 (bs, 1H, N), 8.47 (d,J3—» = Js—g =
8.9 Hz, 2H, H-3 5, 8.12 (d,Jo—3 = Js—5 = 8.9 Hz, 2H, H-2,
6'), 7.45—7.40 (m, 4H, H-6, 7, 8, 9), 5.82 (ddHs_2, = 10.0 Hz,
Jgﬂfzﬂ =17 HZ,J3/;7|: = 1.7 Hz, 1H, H'$), 4.70 (dngem 50—58—
13.9 Hz, 1H, H-50), 4.64 (dd)gem 2p-2¢ =15.0 Hz,Jp3-33 = 2.0
Hz, 1H, H-28), 4.29 (d,Jgem 5p-5¢= 13.8 Hz, 1H, H-B), 3.57 (dd,
Jgem 320 = 15.0 Hz, Jq-33 = 10.1 Hz, 1H, H-2); 3C NMR
[(CD3),CO, 75 MHz] 6 (ppm) 156.5 (dJc—r = 33.2 Hz, C-4),
140.7 (d,Jc—r = 231.3 Hz, C-B), 150.7, 148.5, 146.6, 139.0 and
137.4 (C-5a, C-9a, C-1', C-4', C-2""), 130.1, 129.6 and 129.1 (CH-
6, CH-7, CH-8, CH-9), 128.8 and 125.0 (CH-ZH-3', CH-5,
CH-6), 124,4 (dJc—¢ = 34.8 Hz, CH-6), 84.7 (CH-3), 72.5 (CH-
5), 54,2 (CH-2); HR LSIMS calcd for GoH1sN4O7FSNa (Mt+-Na)*
485.0543, found 485.0543. Anal. Calcd for;g8:sN4OFS
0.15H0: C, 49.07; H, 3.32; N, 12.05. Found: C, 49.46; H, 3.05;
N, 12.00.

4b: elution by flash chromatography EtOAc/hexane 1.5/1, or
CH,Cl,/MeOH 0.2/10;R; (2/1, EtOAc/hexane) 0.25; white solid;
mp 185.4-186.2°C; IH NMR [(CD3),CO/drops of CROD, 400
MHz] 6 (ppm) 9.90 (bs, M), 8.46 (d,J3—» = Js—¢ = 8.9 Hz, 2H,
H-3', 5), 8.08 (d,J2-3 = Jo—s = 8.9 Hz, 2H, H-2', ), 7.40—
7.35 (m, 4H, H-6,7,8,9), 6.12 (dddzs-—2o = 9.3 Hz,J35-25 = 2.0
Hz, 1H, H-3p), 4.62 (dJgem sa-s53= 13.7 Hz, 1H, H-5), 4.54

(22) (a) States, D. J.; Haberkorn, R. A.; Ruben, DJ.JMagn. Reson.
1982,48, 286—292. (b) Macura, S.; Wiithrich, K.; Ernst, R. R.Magn.
Reson.1982,47, 351—357.

(23) Hurd, R. E.; John, B. KJ. Magn. Reson1991,91, 648—653.

H), 4.82-4.63 (m, 4H, benzylic Hhenzylic H, 4.15 (dd Jgem ncH2
= 14.0 Hz,J3_9 = 5.8 Hz, 1H,NCH,), 3.98 (dd,Jgem nchz= 14.5
Hz, Jg—g = 6.4 Hz, 1H, NCH), 3.60 (dd,Jgem ncHe = 14.5 Hz,
Jg_g = 6.2 Hz, 1H, NCH), 3.51 (dd,Jgem NCH2 = 13.9 HZ,Jg_g =
5.8 Hz, 1H,NCH,), 3.32 (s, 3H, OMe), 3.29 (s, 3HDMe), 3.10
(bs, 1H, OH), 2.85 (bb, 1HOH); 133C NMR (CDCk, 100 MHz)d
(ppm) 156.8 (dJc—r = 26.4 Hz, C-4""), 156.6 (dlc—r = 26.5 Hz,
C-4"), 150.5, 150.3 and 149.7 (C;Z-2", C-4; C-4'), 142.5, 142 4,
142.4, 142.3, 136.4 and 135.4 (CQ;1, C-1',C-1', C-2,C-2),
141.5 (d,Jc—r = 239.0 Hz, C-8), 141.3 (d,Jc—¢ = 238.4 Hz,
C-5"),131.5,131.3,130.0, 129.6, 129.4, 128.8, 128.7, 126.8, 126.6,
124.4 and 124.3, (CH-aromatics), 122.4 Jd,r = 33.7 Hz, CH-
6" or CH-6"), 122.1 (dJc—r = 33.9 Hz,CH-6"or CH-6"), 84.8
and 84.8 (aminalic CHaminalic CH, 60.6 and 60.5 (benzylic GH
benzylic CH), 57.2 and 57.0 (OM&DMe), 54.1 and 53.4 (NCH
NCH,); (DMSO-a;, rt, isomer A (slightly predominantjsomer B)
IH NMR (DMSO-ds, 400 MHz)6 (ppm) 11.80 (bs, N), 8.38 (d,
Jg'_z' = J5'_6' = 8.9 Hz, H-3', 50r H-3', 5'), 8.37 (d,ng_z' = J5'_5'

= 8.9 Hz, H-3, 5 or H-3', 5'), 7.90—7.82 (m), 7.587.56 (m),
7.40—7.35 (m), 7.197.13 (m), 6.72 (dJ = 7.9 Hz), 6.60 (dJ =
7.65 Hz), 5.52 (ptJ; = 5.0 Hz,J, = 6.3 Hz, aminalic H oaminalic
H), 5.31 (t,J = 5.3 Hz,aminalic Hor aminalic H), 5.14 (tJcH20H

= 5.4 Hz, (H or OH ), 4.56—4.38 (m, benzylic Hpenzylic H),
4.01 (dd,Jgem ncH2= 14.4 Hz,J3 9 = 7.0 Hz, NCH or NCH,),
3.87 (d,J = 6.1 Hz,NCH, or NCH,), 3.74 (dd,Jgem ncH2= 14.3
Hz, Js—9 = 4.9 Hz, NCH or NCH,), 3.14 (s, OMe olOMe), 3.08
(s, OMe or OMe); (DMSO-¢, 110°C) 'H NMR (DMSO-d;, 400
MHz): 6 (ppm) 11.40 (bs, N, 8.34 (d,J = 8.8 Hz), 7.88 (dJ =
8.2 Hz), 7.66 (d,J = 6.3 Hz), 7.58 (dJ = 7.7 Hz), 7.36 (tJ =
7.5Hz), 7.17 (tJ = 7.6 Hz), 6.78 (bs), 5.47 (bs, 1H, aminalic H),
4.68 (bs, 1H, ®), 4.46 (bs, 2H, benzylic H), 3.97 (ddgem ncH2
= 14.8 Hz,Jg—9 = 6.7 Hz, NCH), 3.86 (ddd Jgem ncH2= 14.8 Hz,
Js—9 = 5.2 Hz, NCH), 3.15 (s, OMe); HR LSIMS calcd for
CooH190N4OgFSNa (Mt+-Na)*t 517.0805, found 517.0805. Anal. Calcd
for C,oH10N4OsFS: C, 48.58; H, 3.87; N, 11.33. Found: C, 48.60;
H, 3.75; N, 11.38.

Method D. According to the general procedure, but using Sc-
(OTf)3 (1.04 equiv), 5-FU (1.5 equiv), TCS (2.0 equiv), HMDS
(2.0 equiv), the temperature of addition of the reagents w&s, 0
the reaction temperature £, and the reaction time 24 h, no
reaction was observed.

Method E. According to method D, but using anhydrous MeCN
as the solvent, and the reaction temperatureGo reaction was
observed.

Method C. Synthesis of RS)-1-[1-(2-Nitrophenylsulfonyl)-
1,2,3,5-tetrahydro-4,1-benzoxazepine-3-yl]-5-fluorouracil 3a,
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(RS)-3-[1-(2-Nitrophenylsulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxaze-
pine-3-yl]-5-fluorouracil 4a, and (RS)-1{2-[N-(2-Hydroxy-
methylphenyl)-2-nitrobenzenesulfonamidg-1-methoxyethyl)-5-
fluorouracil 7a. Following method C with a reaction time of 51
h, the reaction betweeta! and 5-FU gave the following results.
3a: elution by flash chromatography EtOAc/hexane 2/1, or,CH
Cly; Re (2/1, EtOAc/hexane) 0.3%: (10/0.25, CHCI,/MeOH) 0.38;
white solid; mp 178.1-179.2C; yield 19%;'H NMR [(CDj),-
CO, 300 MHz]é (ppm) 10.60 (bs, 1H, N), 8.12—7.96 (m, 3H,
H-PhSQ), 7.90 (dddJ; = 7.8 Hz,J, = 6.4 Hz,J; = 2.4 Hz, 1H,
H-PhSQ), 7.51 (dd,J;, = 7.4 Hz,J, = 1.8 Hz, 1H), 7.40 (dddJ,
=J,=7.4Hz,J3=1.4Hz, 1H), 7.33 (ddd); = J, = 7.7 Hz,J;

= 1.8 Hz, 1H), 7.09 (dd); = 7.8 Hz,J, = 1.4 Hz, 1H), 5.94 (ddd,
Jgﬁfzu = 10.0 HZ,J3/372ﬁ =1.8 HZ,J3ﬁ7|: = 1.8 Hz, 1H, H-:ﬁ),
4.84 (s, 2H, H-5), 4.53 (ddlgem 25-20= 14.9 Hz,Jop-33= 2.1 Hz,
1H, H-2p), 3.64 (ddJgem 25-24= 14.9 Hz,J54 33 = 10.1 Hz, 1H,
H-2a); 13C NMR [(CD3),CO, 75 MHz]d (ppm) 156.7 (dJc-F =
26.5 Hz, C-4"), 148.6 and 147.9 (C-&hd C-2"), 140.8 (dJc-F
= 231.4 Hz, C-8), 139.2, 138.3, and 133.2 (C-5a, C-9a and'{;-1
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131.6,131.4,130.2, 130.1, 130.0, 129.6, 129.4, 129.4, 128.0, 127.9,

124.2 and 124.2 (CH-aromatics), 123.3 Jd,- = 33.9 Hz, CH-
6" or CH-6"), 123.0 (dJc-r = 34.0 Hz,CH-6"or CH-6""), 84.7
and 84.1 (aminalic Caminalic C), 59.5 (benzylic Chenzylic C),
56.0 and 55.9 (OMe, ®e), 54.0 and 53.3 (NCKI NCH,); HR
LSIMS calcd for GoH19N4OgFSNa (M + Na)™ 517.0805, found
517.0805. Anal. Calcd for £gH1JN4OgFS: C, 48.58; H, 3.87; N,
11.33; S, 6.48. Found: C, 48.88; H, 3.75; N, 11.37; S, 6.20.

Method C: Synthesis of RS)-1-[1-(2-Nitrophenylsulfonyl)-
1,2,3,5-tetrahydro-4,1-benzoxazepine-3-yljuracil 5a, (RS)-3-[1-
(2-Nitrophenylsulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxazepine-
3-ylluracil 6a, and (RS)-1-{2-[N-2-Hydroxymethylphenyl)-2-
nitrobenzenesulfonamido]-1-methoxyethyl)uracil 9aFollowing
method C with a reaction time of 67 h, the reaction betw&an
and U gave the following results:

5a: elution by flash chromatography EtOAB; (10/0.3, CH-
Cl,/MeOH) 0.25; pale yellow solid; mp 179—18C; yield 27%;
IH NMR [(CD3),CO, 300 MHz]d (ppm) 10.20 (bs, 1H, N), 8.13
(dd,J; = 7.8 Hz,J, = 1.2 Hz, 1H, H-PhSg), 8.03—7.89 (m, 3H,

135.3, 132.8, 131.5, 130.2, 129.5, 128.9, 128.5 and 125.0 (CH-6,H-PhSQ), 7.50 (dd,J; = 7.3 Hz,J, = 1.8 Hz, 1H), 7.40 (dddJ;

CH-7, CH-8, CH-9, CH-3', CH-4', CH-5', CH-6"), 124.7 @ ¢
= 34.7 Hz, C-6"), 84.2 (CH-3), 71.1 (GFp), 53.8 (CH-2); HR
LSIMS calcd for GgH1sN4O;FSNa (M + Na)" 485.0543, found
485.0543. Anal. Calcd for gH;sN40O/FS-1.76HO: C, 46.19; H,
3.78; N, 11.34; S, 6.49. Found: C, 46.59; H, 3.49; N, 11.51; S,
6.51.

4a: elution by flash chromatography EtOAc, or g&,/MeOH
6/0.1; R: (10/0.5, CHCI,/MeOH) 0.46; white solid; mp 171.6—
172.6°C; yield 4%;'H NMR [(CD3),CO, 300 MHz]d (ppm) 9.80
(bs, 1H, NH), 8.06—7.97 (m, 3H), 7.90 (ddd; = 7.9 Hz,J, =
6.3 Hz,Js = 2.6 Hz, 1H), 7.47 (ddJ, = 7.4 Hz,J, = 1.8 Hz, 1H),
7.37 (dddJ; = J, = 7.4 Hz,J3 = 1.4 Hz, 1H), 7.30 (dddJ, = J,
= 7.6 Hz,J; = 1.8 Hz, 1H), 7.05 (ddJ, = 7.7 Hz,J, = 1.3 Hz,
1H),), 6.20 (ddJsp—2q = 9.4 Hz,J35-23 = 2.1 Hz, 1H, H-3), 4.78
(s, 2H, H-5), 4.55 (ddJgem 25-2¢= 15.0 HZ,Jp0—35 = 9.3 Hz, 1H,
H-2a), 4.44 (dd Jyem 320 = 15.1 Hz,Jp5-33 = 2.2 Hz, 1H, H-3);
13C NMR [CDClg/drops of (CR),CO, 75 MHz]6 (ppm) 157.0 (d,
Je-F = 24.8 Hz, C-4), 150.5 and 147.9 (Ct2and C-2"), 139.8
(d, Jc—F = 331.6 Hz, C-B), 139.1, 134.2 and 128.6 (C-5a, C-9a

and C-1), 134.4,132.2, 131.8, 130.5, 129.4, 129.0 and 124.7 (CH-

6, CH-7, CH-8, CH-9, CH-3CH-4, CH-5, CH-6), 123.5 (d Jc—F
= 31.8 Hz, CH-6"), 72.8 (CH5), 53.8 (CH-2); HR LSIMS calcd
for CioH1sN4O/FSNa (M+ Na)*™ 485.0543, found 485.0542. Anal.
Calcd for GoH1sN4OsFS: C, 49.35; H, 3.27; N, 12.12; S, 6.93.
Found: C, 49.40; H, 3.40; N, 12.41; S, 6.92.

7a: elution by flash chromatography EtOAc, or gE,/MeOH
6/0.1; R (10/0.5, CHCI,/MeOH) 0.36; white solid; mp 179180
°C; yield 30%; (CDCydrops of (CDR).CO, rt, isomer A (53%),
isomer B(47%))H NMR [CDCly/drops of (CR),CO, 300 MHz]
o (ppm) 9.75 (bs, 1H, NH), 9.58 (bs, 1NH), 7.67—7.53 (m, 3H,
3H), 7.44—7.10 (m, 4H4H), 7.31 (d Js—r = 6.0 Hz, 1H, H-Bor
H-6"), 7.28 (d,Js—r = 5.8 Hz, 1H,H-6""or H-6""), 6.93—6.89 (M,
1H, 1H), 5.55 (dddJnchzchH = 5.7 HZ,Jaminaic 1-F = Nondetermined,
1H, aminalic H oraminalic H), 5.49 (dddJncHzch = 6.1 Hz,
Jaminaiic H—F = 1.8 Hz, 1H, aminalic H omaminalic H), 4.57 (d,
Jgem benzyic v= 13.0 Hz, 1H, benzylic H obenzylic H), 4.49 (d,
Jgem benzylic v= 13.0 Hz, 1H, benzylic H obenzylic H), 4.47 (d,
Jgem benzyic v= 13.0 Hz, 1H, benzylic H obenzylic H), 4.30 (d,
Jgem benzylic v= 13.0 Hz, 1H, benzylic H obenzylic H), 4.13 (dd,
Jgem NCH2 = 14.6 HZ:JNCHZCH = 6.3 Hz, 1H,NC|‘l2), 411 (dd,
\Jgem NCH2 = 15.2 Hz, IncHocH = 6.8 Hz, 1H, NCH), 3.92 (dd,
\]gem NCH2 = 15.1 HZ;\]NCHZCH = 5.9 Hz, 1H, NCH), 3.79 (dd,
‘Jgem NcHe = 14.7 Hz,IncHoch = 5.9 Hz, 1H,NCH2), 3.24 (S, 3H,
OMe), 3.20 (s, 3H, OMe); [(CB).CO, rt, major isomer (51%),
minor isomer(49%)] 3C NMR [(CDs),CO, 75 MHz]6 (ppm) 156.6
(d, Jc—r = 26.9 Hz, C-4), 150.0, 150.0 and 148.2 (C-2C-2",
C-2',C-2"), 142.8, 142.2, 135.6, 131.1 and 130.5 (@11, C-1',
C-1', C-2,C-2), 141.2 (dJc—F = 225.0 Hz, C-B or C-5"), 141.0
(d, Jc—r = 225.0 Hz, C-58 or C-5"), 135.0, 135.0, 131.8, 131.8,
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=J,=7.4Hz,J;= 1.4 Hz, 1H), 7.33 (ddd}; = J, = 7.6 Hz,J3
= 1.8 Hz, 1H), 7.11 (ddJ; = 7.8 Hz,J, = 1.4 Hz, 1H), 5.93 (dd,
J3ﬁ72a =10.1 HZ,Jgﬁfzﬁ = 2.1 Hz, 1H, H-$), 5.59 (dd,\]5"76” =
7.9 Hz,Js—nn = 1.3 Hz, 1H, H-5"), 4.82 (s, 2H, H-5), 4.54 (dd,
Jgem 28—2¢ = 15.0 Hz, Jop-35 = 2.1 Hz, 1H, H-$), 3.61 (dd,
Jgem 26—20 = 15.0 Hz, Jpq—3 = 10.1 Hz, 1H, H-2); 13C NMR
[(CD3),CO, 75 MHz]6 (ppm) 162.6 (C-4""), 150.0 and 148.0 (C-
2', C-2"), 140.2 (CH-6"), 139.2 and 138.2 (C-9a, ';-133.3 (C-
5a), 135.2,132.8 and 131.5 (CH—Ph$130.1, 129.4, 128.9 and
128.6 (CH-6, CH-7, CH-8, CH-9), 124.9 (CHPhSQ), 102.2 (CH-
5™, 84.1 (CH-3), 71.1 (CH5), 54.0 (CH-2); proton and carbon
atom shifts are confirmed by a HMQC study; HR LSIMS calcd
for CigH16N4O;SNa (M + Na)™ 467.0637, found 467.0637. Anal.
Calcd for GgH16N40O;S-0.78H20: C, 49.78; H, 3.86; N, 12.22; S,
6.99. Found: C, 50.18; H, 4.13; N, 12.59; S, 6.80.

6a: Elution by flash chromatography with EtOAc, or with GH
Cl,/MeOH 10/0.2;Rs (10/0.4, CHCI,/MeOH) 0.47; pale yellow
solid; mp 158-159°C; yield 33%;H NMR [(CD3),CO, 300 MHZz]
o (ppm) 9.90 (bs, 1H, N), 8.06—7.94 (m, 3H, HPhSQ), 7.88
(ddd,J; = 7.8 Hz,J, = 6.1 Hz,J; = 2.8 Hz, 1H, H-PhSQ), 7.45
(dd,J; = 7.3 Hz,J, = 1.8 Hz, 1H), 7.35 (ddd}; = J, = 7.4 Hz,
J; = 1.5 Hz, 1H), 7.29 (dddJ; = J, = 7.6 Hz,J; = 1.9 Hz, 1H),
7.05 (dd,J; = 7.7 Hz,J, = 1.4 Hz, 1H), 6.24 (ddJ3s-2, = 9.6
Hz, Jgﬁfz/; = 1.9 Hz, 1H, H-Sﬁ), 5.58 (dd]5“76” =7.7Hz,J5_nH
= 1.6 Hz, 1H, H-5), 4.77 (s, 2H, H-5), 4.57 (ddlgem 2524 =
15.0 Hz,J2-33 = 9.6 Hz, 1H, H-2a), 4.41 (ddJgem 2p-20= 15.0
Hz, Jo5-35 = 1.8 Hz, 1H, H-3); 13C NMR [(CD5),CO, 75 MHz]
J (ppm) 162.8 (C-4), 148.0 (C-2), 151.0 and 148.0 (C-2C-2"),
140.8 (CH-6""), 139.8 and 138.8 (C-9a, Q;1.33.7 (C-5a), 135.0,
132.7, 131.2, 130.2, 129.2, 128.7, 128.3 and 124.9 (CH-6, CH-7,
CH-8, CH-9, CH-3', CH-4', CH-5', CH-6'), 100.5 (CH-5"), 84.4
(CH-3), 71.8 (CH-5), 54.3 (CH-2); HR LSIMS calcd for
CiH16N4O;SNa (M+ Na)" 467.0637, found 467.063. Anal. Calcd
for CigH16N40O;S-2.24H0: C, 47.08; H, 4.23; N, 11.57; S, 6.61.
Found: C, 47.47; H, 4.00; N, 11.85; S, 6.55.

9a: elution by flash chromatography GEI,/MeOH 10/0.3;Rs
(10/0.4, CHCI,/MeOH) 0.40; pale yellow solid; mp 9798 °C;
yield 12%; ((C2),CO, rt, isomer A (52%)jsomer B(48%)) H
NMR [(CD3),CO, 300 MHz]d (ppm) 10.10 and 10.05 (2bs, 2H,
NH, NH), 7.94—7.14 (m, 8H8H), 7.50 (d,Js'—5» = 8.2 Hz, 1H,
H-6"orH-6"), 7.41 (d Jer—s» = 8.0 Hz, 1H,H-6""or H-6""), 5.69 (t,
Jo—g = 6.3 Hz, 1H, aminalic H oaminalic H), 5.65 (ddJs—g" =
8.0 Hz,Jsv—ny = 1.8 Hz, 1H, H-5 or H'5”), 5.60 (ty‘JNCHZCH =
6.2 Hz, 1H, aminalic H oaminalic H), 5.56 (ddJs'—¢ = 8.2 Hz,
Js'—nw = 1.8 Hz, 1H, H-5"0or H-5"), 4.69 (dd Jgem benzyiic = 13.6
Hz, Jch2on = 4.2 Hz, 1H, benzylic H obenzylic H), 4.55 (dd,
Jgem benzyiic v= 13.4 Hz,J7—on = 4.3 Hz, 1H, benzylic H obenzylic
H), 4.39 (dd,Jgem benzylic v= 13.7 Hz,Jchzon= 4.1 Hz, 1H, benzylic
H or benzylic H), 4.29 (ddJgem benzylic v= 13.5 Hz,Jcroon = 4.0
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Hz, 1H, benzylic H orbenzylic H), 4.24—3.99 (m, 6H, NCGH
NCH,, OH, OH), 3.29 (s, 3HOMe), 3.26 (s, 3H, OMe)};3C NMR
[(CD3),CO, 75 MHz] 6 (ppm) 162.5 (C-4, C-4"), 151.4, 151.2
and 148.2 (C-2, C-2", C-2',C-2'), 142.9, 142.3, 135.5, 131.1 and
130.6 (C-1,C-1, C-1',C-1', C-2,C-2), 139.1 and 138.9 (CH-6
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4.82 (d,Jgem ncHz= 12.8 Hz, 1H benzylic H), 4.73—4.61 (m, 3H,
H-7, benzylic H), 4.11 (ddJgemncH2 = 14.0 Hz,Jg9 = 6.2 Hz,
1H, NCHz), 3.99 (dd,Jgem ncHz= 14.5 Hz,IncHzcH = 6.2 Hz, 1H,
NCHQ), 3.62 (dd,Jgem NcHe = 14.5 Hz, Inchoch = 6.6 Hz, 1H,
NCHz), 3.58 (dd,Jgem NCH2 = 13.9 Hz, IncH2cH = 5.6 Hz, 1H,

CH-6"), 135.0, 134.9, 131.8, 131.7, 131.6, 131.4, 130.1, 129.8, NCH,), 3.29 (s, 3H, OMe), 3.25 (s, 3HhMe);13C NMR [(CDs)»-
129.5, 129.4,129.3, 128.0, 124.2 and 124.2 (CH-aromatics), 102.9CO, 75 MHz]6 (ppm) 162.5 (C-4""), 151.3, 151.1 and 150.6 (C-

(CH-5", CH-5"), 84.1 and 83.6 (aminalic Gminalic C), 59.5
(benzylic C,benzylic C), 55.8 and 55.8 (OM&Me), 54.3 and
53.5 (NCH, NCHy); HR LSIMS calcd for GoH,oN4OgSNa (M +
Na)t 499.0900, found 499.0899. Anal. Calcd fopgB,0N40sS-

0.27HO0: C, 49.91; H, 4.30; N, 11.64; S, 6.66. Found: C, 50.31;

H, 4.63; N, 11.46; S, 6.99.

Method C: Synthesis of RS)-1-[1-(4-Nitrophenylsulfonyl)-
1,2,3,5-tetrahydro-4,1-benzoxazepine-3-yljuracil 5b, RS)-3-
[1-(4-Nitrophenylsulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxaze-
pine-3-yljuracil 6b, (RS)-1-{2-(N-(2-Hydroxymethylphenyl)-4-
nitrobenzenesulfonamido]-1-methoxyethyluracil 9b, and (RS)-
3{2-[N-(2-Hydroxymethylphenyl)-4-nitrobenzenesulfonamido]-
1-methoxyethyl}uracil 10b.Following method C with a reaction
time of 69 h, the reaction betwed! and U gave the following

results.5b: elution by flash chromatography EtOAc/hexane 1.5/1,

or CH,Cl,/MeOH 10/0.1;R¢ (10/0.3, CHCI,/MeOH) 0.30; white
solid; mp 255-257°C; yield 11%;*H NMR (DMSO-ds, 300 MHZz)
0 (ppm) 11.45 (bs, 1H, N), 8.43 (d,J3—» = Js—¢ = 8.8 Hz, 2H,
H-3', 5), 8.12 (d,J>—3 = Js¢—5 = 8.8 Hz, 2H, H-2', 6, 7.48—
7.45 (m, 1H), 7.4%£7.34 (m, 2H), 7.19-7.16 (m, 1H), 5.74 (bd)
=8.5Hz, 1H, H-B), 5.51 (d, §-—¢- = 8.1 Hz, 1H, H-5), 4.75 (d,
Jgemsa—58 = 13.8 Hz, 1H, H-5), 4.42 (ddJgem 2520 = 15.1 Hz,
Jop-3 = not det., 1H, H-B), 4.35 (d,Jgemsp-5¢= 13.7 Hz, 1H,
H-5), 3.60 (dd Jyem -2 = 14.9 Hz,J5,—33 = 10.1 Hz, 1H, H-2\);
13C NMR (DMSO-d;, 75 MHz): ¢ (ppm) 163.4 (C-4"), 150.7 and
150.4 (C-4'and C-2""), 146.2, 139.4 and 137.7 (C-5a, C-9a,¢-1

130.7, 130.1, 129.1 and 128.3 (CH-6, CH-7, CH-8, CH-9), 129.2

and 125.7 (CH-2 CH-3, CH-5, CH-6), 102.5 (CH-5), 83.8 (CH-
3), 70.8 (CH-5), 53.6 (CH-2); HR LSIMS calcd for GeH16N4O7-
SNa (M + Na)" 467.0637, found 467.0637. Anal. Calcd for
Ci1oH16N40;S-0.89H0O: C, 49.56; H, 3.89; N, 12.17; S, 6.96.
Found: C, 49.17; H, 3.76; N, 12.02; S, 6.81.

6b: elution by flash chromatography EtOAc/hexane 1.5/1, or

CH,Cl,/MeOH 10/0.3;R: (10/0.4, CHCI,/MeOH) 0.30; white solid;
mp 276.9-277.9°C dec; yield 49%;'H NMR (DMSO-ds, 300
MHz) & (ppm) 11.20 (bs, 1H, NH), 8.41 (dg_» = Js_¢ = 8.9
Hz, 2H, H-3', 8), 8.09 (d,J»_3 = Jy_s = 8.9 Hz, 2H, H-2', 6,
7.44—7.33 (m, 4H), 7.15—7.12 (m, 1H), 6.03 (dd,= 7.8 Hz,J,
= not det., 1H, H-38), 5.56 (dJs'_g» = 7.6 Hz, 1H, H-5"), 4.69
(d, Jgem s0—55= 13.7 Hz, 1H, H-5), 4.41 (ddlgem 24-20= 15.0 Hz,
Jz/jfgﬁ = 1.8 Hz, 1H, H-z), 4.26 (dd,Jgem 28—2a= 15.0 HZ,Jzafgﬂ
= 9.4 Hz, 1H, H-21), 4.25 (d,Jgem sp-5a= 13.3 Hz, 1H, H-5)*C
NMR (DMSO-ds, 75 MHz) 6 (ppm) 163.2 (C-4), 151.4 and 150.6
(C-4, C-2"), 146.5, 139.8 and 138.1 (C-5a, C-9a, ¢-1130.7,

2", C-2", C-4',C-4"), 143.8, 143.6, 143.4 and 143.1 (CQ-1,
C-1',C-1"), 139.1 (CH-8), 138.9 CH-6"), 136.6 and 135.8 (C-2,
C-2), 129.7, 129.4, 129.3, 129.1, 128.2, 127.9, 127.8, 124.5 and
124.3 (CH-aromatics), 102.€H-5"), 102.8 (CH-5"), 84.3 (ami-
nalic C), 83.8 &minalic C), 59.9 (benzylic Cbhenzylic C), 55.9
(OMe), 55.8 (OMe), 53.9 (NC}), 53.8 (NCH,); HR LSIMS calcd

for CygH20N4OsSNa (M + Na)™ 499.0900, found 499.0900. Anal.
Calcd for GoH20N40sS+0.43H0: C, 49.61; H, 4.34; N, 11.57; S,
6.62. Found: C, 50.02; H, 4.33; N, 11.33; S, 6.40.

10b: elution by flash chromatography EtOAc, or gH,/MeOH
10/0.4;R; (10/0.5, CHCl,/MeOH) 0.13; white solid; mp 214218
°C dec; yield 2%; ((CB),CO/drops of CROD, rt, isomer A (56%),
isomer B(44%))'H NMR (CDCly/drops of CROD, 300 MHz)d
(ppm) 8.43 (dJ3—2 = Js—¢ = 8.8 Hz, 4H, H-3, 5, H-3',5"), 7.93
(d, J2'73' = J6'75' =8.9 HZ, 2H, H'Z', Q, 7.89 (d,.]z'fg' = J5'75' =
8.8 Hz, 2H,H-2', 6'), 7.69—7.65 (m, 1H1H), 7.44—7.30 (m, 2H,
2H), 7.19 (dddJ; = J, = 7.7 Hz,J3 = 1.6 Hz, 1H orlH), 7.15
(ddd,Jd; =3, = 7.7 Hz,J3= 1.6 Hz, 1H orlH), 6.74 (m, 1H1H),
6.02 (bt, 1H), 5.92 (bt1H), 5.56 (bd,J = 7.6 Hz, 1H), 5.43 (bd,
J=7.6 Hz,1H), 4.79—4.63 (m, 4H, benzylic henzylic H), 4.52
(dd,Jgem NCH2=— 14.3 sz‘]NCHZCH =6.3 Hz, 1H, NCH), 4.41 (dd,
Jgem ncHz2 = 14.9 Hz, Inchoch = 6.5 Hz, 1H,NCH2), 4.33 (dd,
Jgem NCH2 = 14.8 Hz, INcHocH = 5.2 Hz, 1H,NCH2), 4.23 (dd,
Jgem ch2= 14.2 HZ;\JNCHZCH = 5.4 Hz, 1H, NCH), 3.17 (S, 3H,
OMe), 3.12 (s, 3H, OMe); HR LSIM calcd for 56H,0N4OgSNa
(M + Na)*t 499.0900, found 499.0899. Anal. Calcd fopoB20-
N4GsS: C,50.42; H, 4.23; N, 11.76; S, 6.73. Found: C, 50.32; H,
4.33; N, 11.48; S, 6.49.

Lewis Acid Mediated Reaction between RS-N-Acyl-3-
methoxy-1,2,3,5-tetrahydro-4,1-benzoxazepines with 5-FU.
Method F: Synthesis of RS)-1-{ 2-[N-(2-Hydroxymethylphenyl)-
benzamido]-1-methoxyethy}-5-fluorouracil 7d. A suspension of
1d (1 equiv) and 5-FU (1.2 equiv) in anhydrous MeCN (5 mL/
mmol of 1d) was prepared under argon. The mixture was cooled
to 0°C, and TMSCI (1.2 equiv) and HMDS (1.2 equiv) were then
added dropwise. Still at 0C, SnC}, (a 1 M solution in CHCI,,

1.4 equiv) was slowly added. After removing the cooling bath, the
temperature was allowed to reach rt and was maintained for 48 h.
The reaction mixture was then cooled and dilutedd} and solid
NaHCQO; was added until neutralization. The aqueous layer was
then extracted, first with EtOAc, and second with £, and the
organic layers were pooled, dried (#$2), filtered, and evaporated
under vacuum. The residue was purified by flash chromatography,
EtOAc, or CHCl/MeOH 10/0.4;R; (10/0.3, CHCI,/MeOH) 0.25;

130.0, 129.0 and 128.2 (CH-6, CH-7, CH-8, CH-9), 129.1 and 125.6 light yellow solid; mp 137138 °C; yield of 7d 5%.

(CH-2', CH-3', CH-5', CH-6"), 100.5 (CH-5""), 83.6 (CH-3), 71.5
(CH,-5), 53.8 (CH-2); HR LSIMS calcd for GgH1gN4O;SNa (M
+ Na)* 467.0637, found 467.0637. Anal. Calcd forgB:sN40O;S:

0.30H0: C, 50.55; H, 3.75; N, 12.41; S, 7.10. Found: C, 50.95;

H, 4.12; N, 12.51; S, 7.26.

9b: elution by flash chromatography EtOAc/hexane 2/1, o,CH
Cl/MeOH 10/0.3;R; (10/0.4, CHCIl,/MeOH) 0.43; white solid;
mp 110.9—11TC; yield 11%; (CDC}, rt isomer A (59%)jsomer
B (41%))'H NMR (CDCls, 300 MHz)6 (ppm) 9.50 (bs, 1H, NH),
9.30 (bs, 1HNH), 8.34 (d,Js—» = Js—¢ = 8.8 Hz, 2H, H-3', 5,
8.32 (d,J3—» = Js—¢ = 8.7 Hz, 2H,H-3',5'), 7.81 (d,Jp—3 =
J6'75' =8.8 Hz, 2H, H-2', @, 7.75 (d,J2'73' = J6'75v =8.8 Hz, 2H,
H-2', 6'), 7.71—7.67 (m, 1H1H), 7.45—7.39 (m, 1H1H), 7.32
(d, Jg»—s~ = 8.1 Hz, 1H, H-6"), 7.25—7.16 (m, 1F2H), 7.23 (d,
Jo—5= 8.0 Hz, 1H,H-6"), 6.52 (d,J = 7.4 Hz,1H), 6.45 (dJ =
7.4 Hz, 1H), 5.84 (dJs»—¢» = 8.1 Hz, 1H, H-5"), 5.74—5.68 (m,
2H, H-5", aminalic H), 5.51 (tJo—g = 5.9 Hz, 1H,aminalic H),

Method G: Synthesis of 7d.According to method F, the
following conditions have been changed: Sc(QT{f).6 equiv),
5-FU (1 equiv), TMSCI (1.0 equiv), HMDS (1.0 equiv), the
temperature of addition of the reagent8@ reaction temperature
40°C, and reaction time 26 h. Yield afd: 11%; (CDC¥/drops of
CD;0D, rt, isomer A (50%)jsomer B(50%))*H NMR (CDCly/
drops of CROD, 300 MHz)d (ppm) 7.48—6.94 (m, 19H, CH-
aromatics), 6.70 (dJ = 7.8 Hz, 1H, CH-aromatic), 5.84 (pt, 2H,
aminalic H,aminalic H), 4.574.47 (m, 3H, benzylic 1H doenzylic
1H, 1H of NCH,, 1H of NCH), 4.43 (d,Jgem benzyiic H= 13.2 Hz,
1H, benzylic H orbenzylic H), 4.35 (dJgem benzyic v= 12.8 Hz,
1H, benzylic H orbenzylic H), 4.18 (dJgem benzyic v= 13.2 Hz,
1H, benzylic H orbenzylic H), 3.77 (dd)gem ncHz= 14.2 HzZ,Jg 9
= 7.1 Hz, 1H, NCH or NCH,), 3.57 (dd,Jgem ncH2 = 14.2 Hz,
JNCHZCH = 4.7 Hz, 1H, NCH or NC"lz), 3.25 (S, 6H, OMeOMe),
13C NMR (CDClk/drops of CQOD, 75 MHz)¢6 (ppm) 171.8 and
171.5 (C-1'C-1"), 157.6 (dJc—r = 35.0 Hz, C-4"or C-4'""), 157.4

J. Org. ChemVol. 71, No. 3, 2006 1053



JOC Article

(d, Jc-r=35.3 Hz, C-4"0or C-4"), 150.4 and 150.3 (C-2G-2"),
141.2 (d,Jc—r = 315.4 Hz, C-58 or C-5"), 140.9 (dJc-r = 316.2
Hz, C-5' or C-5"), 140.4, 140.2, 137.7, 137.3 and 134.7 (G311,
C-2,C-2 C-2, C-2), 130.3, 130.2, 130.1, 129.4, 128.8, 128.7,
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and 146.4 (C-2, C-1), 141.1 (dJo_r = 236.9 Hz, C-B), 129.6,
117.6 and 110.6 (CH-3, CH-4, CH-5, CH-6), 124.8 (C-2), 123.3
(d, Jo_r = 33.4 Hz, CH-6), 85.9 (CH-9), 64.2 (benzylic C), 57.4
(OMe), 46.5 (NCH); HR LSIM calcd for GaH1:N04F (M + H)*

128.5,128.4,128.2,128.1, 127.8 and 127.7 (CH-aromatics), 123.6310.1203, found 310.1203. Anal. Calcd for48:6N304F0.07-

(d, Jo—r = 44.7 Hz, CH-6 or CH-6"), 123.0 (dJc—r = 44.2 Hz,
CH-6" or CH-6""), 84.3 and 83.8 (OMe&)Me), 60.3 (benzylic C,
benzylic C), 56.6 and 56.5 (OM@Me), 51.9 and 51.5 (NCH
NCH;); HR LSIMS calcd for GH,0N3OsFNa (M + Na)* 436.1285,
found 436.1285. Anal. Calcd forgH,oN3OsF: C, 61.01; H, 4.88;
N, 10.16. Found: C, 61.27; H, 4.85; N, 10.35.

Method H: Synthesis of RS)-1-{ 1-Methoxy-2-[2-(methoxy-
methyl)phenylamino]ethyl} -5-fluorouracil 11.According to method
F, the following conditions have been changed: Si{8I0 equiv),
TMSCI (3.0 equiv), HMDS (3.0 equiv), addition temperature of
the reagents OC, reaction temperature rt, and reaction time 54 h.
11: 16% yield; elution by flash chromatography EtOAc/hexane
1/1.5, or CHCI,/MeOH 10/0.5;R; (1/1, EtOAc/hexane) 0.29H
NMR (CDCl;, 300 MHz) 6 (ppm) 8.40 (bs, 1H, NH-3, 7.46 (d,
Jo—f = 5.9 Hz, 1H, H-6), 7.21 (dddJ; = J, = 7.8 Hz,J3 = 1.6
Hz, 1H), 7.05 (bs,) = 7.1 Hz, 1H), 6.73-6.67 (m, 2H), 5.74 (dt,
JN(;HQ(;H =5.0 HszaminaIic CH-F— 1.7 Hz, 1H, aminalic H), 5.10
(bs, 1H, NH), 4.44 (s, 2H, benzylic H), 3.48 (ddncHzch = 4.9
Hz, Jchz—nn = 2.1 Hz, 2H, NCH), 3.42 and 3.30 [25, 6H, aminalic
and benzylic OMe groups}éC NMR (CDCk, 100 MHz) 6 (ppm)
156.5 (d,Jc—f = 27.3 Hz, C-4""), 149.3 and 146.6 (C;2C-1),
140.8 (d,Jc—r = 237.6 Hz, C-5""), 130.4, 129.8, 117.6 and 110.5
(CH-3, CH-4, CH-5, CH-6), 123.4 (dlc—¢ = 33.3 Hz, CH-6"),
122.1 (C-2), 86.0 (aminalic C), 74.1 (benzylic C), 57.6 and 57.3
(aminalic OMe, benzylic MeO), 46.5 (NG} °F NMR (CDClk,
280 MHz, ref CFCJ) 6 (ppm) —164.5 (pt); HR LSIMS calcd for
CisH1gNz04FNa (M + Na)* 346.1179, found 346.1179. Anal. Calcd
for CisH1gN3O4F: C, 55.72; H, 5.61; N, 13.00. Found: C, 56.02;
H, 5.73; N, 13.12.

Elimination of the 4-Nitrobenzenesulfonamide Moiety: Syn-
thesis of R9)-1-[2-(2-Hydroxymethylphenylamino)-1-methoxy-
ethyl]-5-fluorouracil 26. A solution of 7b (1 equiv) was prepared
in DMF (5 mL/mmol of 7b), and then KCO; (3 equiv) and

H,O: C, 54.14; H, 5.24; N, 13.53. Found: C, 54.54; H, 5.20; N,
13.57.

Method I: Synthesis of 4,5-Dihydro-1,4-benzoxazepine 12
and (RS)-1-{ 2-[N-(2-Hydroxyphenylmethyl)-N-trifluoroacetyl-
amino]-1-methoxyethyl}-5-fluorouracil 13. The procedure was
similar to method A, but changing the quantities of the reagents:
the startingO,0-acetal wa®2, TMSCI (1.2 equiv), HMDS (1.2
equiv), 5-FU (1.2 equiv). The suspension was cooled%0 Before
the addition of SnGI(1.4 equiv, 1 M in CHCI,). The temperature
reached rt, and the reaction time was 70 h. The residue was purified
by flash chromatography under gradient elution conditions using
mixtures of CHCIl,/MeOH from 125/1 to 150/1, and the isolation
of two compounds was achieved?2 (55% yield, elution with CH
Cl,/MeOH 125/1; white solid; mp 170-3172.3°C; R (EtOAc/
hexane 1/2= 0.52) andl3 (33% yield, elution with MeOH/CHELCI,
1/150; white solid; mp 202203°C; R; (EtOAc/hexane 1/ 0.26).

12: 'H NMR [(CD3),CO, 400 MHz]é (ppm) 8.98 (s, 1H, NH),
7.32 (d,J = 0.7 Hz, 1H), 7.22 (dddJ; = J, = 9.0 Hz,J; = 1.6

Hz, 1H), 7.08 (s, 1H), 6.97 (m, 2H), 6.87 = 7.4 Hz, 1H), 5.40

(s, 2H, H-5);13C NMR [(CD3),CO, 100 MHz]é (ppm) 155.74 (C-

9a), 130.51, 129.75, 129.04, 125.42, 120.69 and 116.14 (CH-2, CH-
3, CH-6, CH-7, CH-8, CH-9), 123.20 (C-5a), 46.57 (£5); HR
LSIMS calcd for GHyNO 147.0684, found 147.0684.

13: (CD30D, rt, isomer A (80%)isomer B(20%)) 'H NMR
(CD30D, 400 MHz)6 (ppm) 7.73 (dJe¢—r = 6.2 Hz, 1H, H-6),
7.67 (d,Jo'—r = 6.3 Hz, 1H,H-6""), 7.21—-7.14, 7.09—7.07, 6.88—
6.81 (m,4H, 4H), 5.906-5.87 (ddd, 2Haminalic H, aminalic H),
4.79—4.67 (m, 3H2 benzylic Hs1H, benzylic H), 3.79-3.74 (m,
3H, NCH;, benzylic H, NCH), 3.61 (dd,Jgem NcHe = 14.2 Hz,
IncHacH = 4.4 Hz, 2H,NCH,, NCH,), 3.35 (s, 6H,OMe, OMe);
13C NMR (CD50D, 100 MHz)6 (ppm) 160.2 C-1'), 159.3 (d,Jc—r
= 35.8 Hz,C-4", C-4"), 156.9, 151.6 and 1513-@", C-2",C-1,
C-1), 142.6 (dJc—r = 233.4 Hz, C-5"), 142.3 (dJc—r = 233.4

thiophenol (1.1 equiv) were added. The reaction was stirred at roompz c-5"), 131.2, 130.4, 120.7 and 116.2 (CH-2, CH-3, CH-4, CH-
temperature for 2.5 h. The reaction mixture was then diluted with 5) 130.7,129.9, 121.0 and 116@H-2, CH-3, CH-4, CH-5), 124.6

water and the aqueous layer extracted with,Chl and EtOAc.
The organic layers were pooled, dried ¢S&y), filtered, and

(d,Jc-r=33.0 Hz,CH-6"), 124.3 (d, CH-6"), 121.9 (C-6), 117.9
(g, Jc—F = 285.1 Hz,C-2') 86.2 (aminalic C), 84.8 (aminalic C),

evaporated under vacuum. The residue was purified by flash 57 4 (OMe), 57.4 (OMe), 50.3, 47.8 and 47.8 GHHR LSIMS
chromatography using mixtures of using EtOAC as eluant or cajcd. for GeH;sNsOsFsNa (M + Na)+ 428.0846, found 428.0846.

mixtures of CHCI,/MeOH 10/0.14: R¢ (10/0.2, CHCI,/MeQH)
0.13; white solid; mp 8787.4; yield 0f27 41%;'H NMR (CDCly/
drops CROD, 300 MHz)6 (ppm) 10.00 (bs, 1H, NH-3"), 7.44 (d,
Jor—r = 5.8 Hz, 1H, H-6), 7.19 (dddJ; = J, = 7.7 Hz,J3 = 1.3
Hz, 1H), 7.03 (ddJ, = 7.3 Hz,J, = 1.5 Hz, 1H), 6.76-6.64 (m,
2H), 5.73 (m, 1H, aminalic H), 5.20 (bs, 1H,HY, 4.61 (d,
Jgem benzylic H— 12.8 Hz, 1H, benzylic H), 4.55 (d]gem benzylic H=
12.3 Hz, 1H, benzylic H), 3.54—3.42 (m, 2H, NG}13.40 (s, 3H,
OMe); 13C NMR (CDCk/drops CROD, 100 MHz)d (ppm) 150.1
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Anal. Calcd for G/H17FsN3Os: C, 48.69; H, 4.09; N, 10.02.
Found: C, 48.71; H, 4.13; N, 10.06.
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