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In [1 ], we showed that the reac t ion  of 1- (~-bromobuty l )urac i l  (I) with the Na salt  of p-toluenesulfonamide 
(II) p roceeds  via the format ion  of 2-oxopyr imido [1,2-b]perhydro-5,10-oxazepine (III), the oxazepine r ing of 
which is easi ly  opened by nucieophilic reagents  

(m) 

In the present  work,  we have studied the reac t ion  of (II) with a number  of other N-(ce-bromoalkyl)uraci ls  
and found that the d i rec t ion  of the reac t ion  depends chiefly on the length of the alky[ chain in the s tar t ing N-ice- 
b romoalkyl )urac i l .  Thus, when 3- (o) -bromopropyl ) -6-methylurac i l  (IV) is reac ted  with (II) in abs .  DMF, (IV) 
undergoes  in t ramolecuIar  cycl izat ion to  fo rm 2-oxo-4-methylpyr imido[2 ,3-b  ]perhydro-  7,1-oxazine (V), the 
oxazine r ing of which is quite Stable and can only be hydrolyzed to fo rm 3-(co-hydroxypropyl)-6-methyiuraci l  
(VI) by prolonged boiling 
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The IR spec t rum of a solution of (V) in CCI 4 has one band at 1691 cm -I in the PC =O region and no absorpt ion 
in the VN-H reg ion .  The position of kmax (278,5 rim) in the UV spect rum of a solution of (V) in CHCI~ is 
cha rac t e r i s t i c  of 3 -a lky l -2 -a lkoxy-3 ,4 -d ihydro-4 -pyr imidones  [2]; this  conf i rms  the s t ruc tu re  of (V). In the 
IR spec t rum of a solid sample of NIL vC =O bands appear  in the 1630-1715 cm -i  region,  VN-H bands in the 
3100-3180 cm -I region,  and vO- H bands at 3335 cm -I .  

In t ramolecular  cycl izat ion does not take place if the N-aikyI chain in the s tar t ing haloalkyluraci l  con-  
Lains 5 CH2 groups .  When 3 - (~-bromopenty l ) -6 -methy lurac i [  (VII) is reac ted  with (iI) in n-butanol,  the only 
product  isolated is 3- lie- (p-toluenesulfonamido)pentyl ] -6-methylurac i I  (VIII) 
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In the IR spec t rum of (VIII), the v C =O absorpt ion bands appear  at 1645 and 1715 cm -1 ; the vs and Vas bands 
of the SO z group appear  at  1160 and 1321 cm - l ,  respect ive ly ;  and VNH appears  at 3100-3280 cm - l .  

The most  complicated reac t ion  is that between (1I) and the mono-N-(~-bromobuty l )u rac i l s ,  which, in 
anionic f o r m ,  can undergo in t ramoleeular  cycl izat ion to fo rm a labile oxazepine r ing.  In this case ,  the com-  
position and yield of the reac t ion  products  depends both on the reac t ion  conditions and on which N atom in the 
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pyrimldine ring carries the haloaIkyl substituent In the starting haloatkyluraciI. Thus, reaction of (I) with 
(If) in ab s. DMF give s 9,18,19,20-tetraoxo- 1,6 ,i 0,15 -tetranzatricyc to [13.3.1.16,10]eic o sa- 7,16-diene (IX) and 
the Na salt of 1-(~-hydroxybutyt)-2-(p-toluenesulfonamido)-4-pyrlmidone (X) in yields of 79 and 0.3%, re- 
spectively. When this reaction is carried out in n-butanol [t], the yields of (IX) and (X) are 10.0 and 5.7%, 
respectively 

NH Diem N --(C112)4 - - N ~ ' I  

N / ~  + (~I) > [ k.N~O',' �9 
L(CH-~ L L{CII2)iBr-j ] (CH,)4 l 
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(III) l.' lqNaSO~P. 
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The higher yield of (IX) obtained by reaction in DMF is evidently due to the low degree of soIvation of 
the anion by this aprotlc solvent, which favors intermolecular reaction between two anions of (1). The IR 
spectra of (IX) and (X) were identical to those of the samples obtained in [1]. 

l~eaction of 3-(~-bromobutyl)-6-methyluraell (XI) with (If) in abs. n-butanol gives 3-[co-(p-toluenesul- 
fonamldo)butyl]-6-methyluracil (XIII), 2-butoxy-3-(~-hydroxybutyl)-6-methyl-4-pyrlmldone (XIV), 2-(p- 
toluenesulfonamldo)-3- (e-hydroxybutyD-6-methy I-4-pyrimidone ~), and 3- (co-hydroxybutyl)- 6-methy lura- 
ell  (XVD : 

' ( ~ H ~ O  lz)'Br + NaHNSO~ ~'C~Ib~ + )'NIiSO2R 

H~ (II) H H~C "~ ~ "~ H 
(X[) I~ sCjH,CH3-p (XII) (XIIi) 

HsC*" ~ xOC.H,-m HaC/~NNa~qO,B H:,C v "~ 

(xlv) {xv) txvl) 

The intermediate in this reaction is 2-oxo-4-methylpyrimldo [2,3-b ]perhydro- 7, l-oxazepine (XII), the 
pyrimidlne ring of which is in the o-quinone form, which is energetically more favorable than the p-quinone 
form in (Ill). Consequently, C~II)will be more inert wRh respect to nucleophillc reagents and can evidently 
remain In the reaction mixture In partially unchanged form. During subsequent chromatographic separation 
of the mixture on AI~O3, (XII) is decomposed by water to form (XVI). 

In the IR spectrum of (XIII), the v C =O bands appear in the 1630-1705-cm -t region and the VNH bands of 
the pyrimidine ring appear at 3120 and 3190 cm-i. The stretching bands of the sulfonamlde group appear at 
1162 (vsSO2), 1333 (VasSO2) , and 3290 em -i (VNH). The IR spectrum of (XIV), like the spectrum of l-(~- 
hydroxybutyi)-2-butoxy-4-pyrimidone in [1]. has one vC =O band at 1665 cm -I and a broad strong band with a 
maximum at 3450 cm -I (vOH). The position of Xma x (270 rim) in the UV spectrum of (XIV) in CHCI 3 is char- 
acteristic of 3-alkyl-2-alkoxy-3,4-dihydro-4-pyrimidones [2]. In accordance with its structure, the IR spec- 
trum of (XV) has one vC =O band (1712 cm -I) and a VOH band at 3400 cm -i. The stretching bands of the sul- 
fonamlde group appear at 1136 (v s SO2), 1340-1380 (Vas SO2), and 3240 cm -I (VNH). In the UV spectrum of a 
solution of (XV) in 0.1 N HCI, the position of ~max at 251 nm fits In with data for analogous structures in [3,4]. 
The Ii~ spectrum of (XVI) has PC=O bands at 1710 and 1736 cm -I, VNH at 3100-3250 cm -I, and vOH at 3355 
cm -I . 

When we performed this same reaction in DMF, aswould be expected, we obtained 7,16-dimethyl-9,18,19, 
2 0-tetraoxo-l,6,10,15-tetraazatricyclo [13.3.1.16.10]eicos a_ 7,16-dlene (XVII) and the product (XVI) described 
above. As well as {XVI), we also isolated N,N-bis[~-(2,4-dioxo-6-methyl-l,2,3,4-tetrahydro-3-pyrimidinyl)- 
bury I ]-p-tolu ene su Ifonamide (XVIII) 
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The la t ter  i s  evidently fo rmed  by r eac t ion  of the anion of the initiatty formed (XlII), which is  solvated 
v e r y  litt le in DMF, with the in te rmedia te  (XII) through the C 7 a tom of the oxazepine r ing,  since a t t ack  at the 
2-C a tom of the 0yr imidine  r ing  is  s t e r i ea l ly  hindered in th is  c a s e .  The v C =O bands in the IB spec t rum of 
(XVII) appea r  in the 1620-1690-cm -1 region,  which is  in accord  with the absorpt ion  of (IX) and with the data 
on 1 ,3 -b i s - a lky lu r ac i l s  in [5]; t he re  is  no absorp t ion  in the VNH and UGH reg ions .  In the IR spec t rum of 
(XVIII) t he re  a r e  a number  of bands in the vC =O region  (1610-1720 cm-1); the Vs and Vas bands of the SO 2 
g r~ap  a n , e a r  at 1166 and 1335 em -1, r e spec t ive ly ;  and VHN bands  appear  at  3195 and 3250 e m  -1. The UV 
soec t r a  of solut ions of (XVIII) in CHCI 3 and 001 N KOH each have only one long-wave absorp t ion  max imu m (at 
261 and 273 nm,  r e spec t ive ly ) ,  which ru l e s  out the possibi l i ty  of (XVIII) having the a l t e rna t ive  s t ruc tu re  (XIX), 
in which the two pyr imidine  r i ngs  a r e  nonequivalent .  The p r e sence  of two VNH bands in the IR spec t rum of a 
solid sample  of (XVIII) is  evidently due to different  types  of hydrogen bonds 

0 ~ N(CH~)~NHSO~R 
HacAN~o Q 

[~ CH~),--N~NH 
(XIX) O~'~CII~ 

EXPERIMENTAL 

The IR spec t ra  were  r eco rded  with a UR-10  spec t ropho tomete r ;  so l i d s  were  used a s  mul ls  in mine ra l  
oil and liquids were  used a s  f i lms  between KBr p la tes .  The UV spec t r a  were  r eco rded  with a Specord UV- 
VIS spec t ropho tome te r .  Column ch romatography  was ca r r i ed  out on neutra l  AI20 ~ (activity II).  The constants  
of the compounds  obtained a r e  given in Table 1. 

2 -Oxo-4 -me thy lpy r imido [2 ,3 -b ]pe rhyd ro -7 ,1 -oxaz ine  (V). A solution of 4.2 g of (II) in 100 ml of abs .  
DMF was t r ea t ed  with 5.4 g of (IV) and s t i r r ed  at 70-80~ for  8 h. The DMF was dis t i l led  off in vacuo; the 
r e s idue  t r ea t ed  with CHC13; and t he s o l u t i on f i l t e r ed ,  evapora ted  and chromatographed  on A1203. The column was 
e l u t e d s u c e e s s i v e l y w i t h p e t r o l e u m  ether ,  CHC13 (0.5 l i ter ) ,  and methanol  (0.5 l i ter) .  The CHC13 was evapora ted  
off, the r e s idue  t r ea t ed  with e the r ,  and the prec ip i ta te  f i l tered off to give 2.2 g of (V), mp 87-89~ (from 
CHCI 3 - - p e t r o l e u m  e ther ) .  The r e s idue  r ema in ing  a f t e r  evapora t ing  off the methanol  was t r ea t ed  with ben -  
z e n e -  CHCI~ (1:1) ,  f i l t e red ,  evapora ted ,  and the res idue t r ea ted  with benzene and f i l tered to give 0.5 g m o r e  
of (V). Total  yield 2.7 g (74.0 7o). 

3 - (w-Hydroxyp ropy l ) -6 -m e t hy l u r ac i l  (VI). A 1.2 g port ion of (V) was boiled in 30 m[ H20 for  18 h. 
The solution was evapora ted  in vacuo and the res idue  r ec ry s t aHized  f rom toluene to give 1.1 g (84.5%) of (VI), 
mp  156-157~ 

3- [w-(p-Toluenesu l fonamido)pen ty l ]6-methy lurac i l  (VIII). A s t i r r ed  suspension of 9.7 g of (II) in 400 ml  
of abs~ n-butanol  was  t r ea ted  with 13.8 g of (VII) and boiled for  12 h. The butanol was dist i l led off in vacuo; 
the res idue  dissolved in CHC13; and the solution f i l te red ,  evapora ted  and chromatographed  on AI203. The 
column was eluted s-accessively with pe t ro leum e the r ,  benzene,  CHCl 3 fl x 0.25 l i te r ,  1 • 0.5 l i t e r ,  and so on 
until  elution ceased) ,  and n -p ropano l  (0.5 l i te r ) .  The r e s idues  r emain ing  a f t e r  evapora t ion  of the second 
CHCl 3 f rac t ion  and the n -p ropano l  f rac t ion  were  combined and r ech roma tog raphed .  The column was eluted 
success ive ly  with benzene and CHCI 3. Evapora t ion  of the CHCI 3 gave 8,3 g (46.0%) of crude (VIII). The pures t  
f r ac t ions  were  c rys t a l l i zed  fo r  some  t ime ,  t r ea ted  with a m i n i m a l a m o u n t  of CHC[3, f i l te red  off, and carefu l ly  
washed with benzene;  mp  137-139~ 

React ion of 1-(r  with the Na Salt (II). A solution of 4.5 g (II) in 1 00 ml  of abs .  DMF 
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= , ,  

Com' 
pound 

(v) 

(vI) 

(VIII) 

(Kill) 

(XIV) 

(XV) 

(xvD 

(XVII) 

(XVIII) 

rap, 

87-89 

t56-157 

t'37~t39 

157-158 

Oil 

103-t04 

142-t43 

lecomp.>3300 

172-180 

Yield, 

74,O 

84,5 

4~o 

235 

23,o 

s,o 

i9.6 (in 
n-C~H~OH) 

23,0 
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t9,00 

25,6 

Fotmd/calculatCd, % 
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H I N C 
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.58,11 6,13 t6,97 
57,oo I sso ] 16,9o 
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I 15,20 52,t0 6,50 . t2,t4 
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54,59 6,01 I 11,98 
54,70 6,o0 ] 1.2,oo 
80,9i 8,58 1 t0,82 
6t,40 8,70 ] tt,00 
54,60 5,95 ] tt,98 
54,60 6,00 I t2,00 
5~45 7,52 J t4,t4 
5450 7,t0 / t4,t0 
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43,70 5,45 I ~5,8o 
57,oo e2a I 
56,5O 6,20 I -- 

S~O 
~SO 
9,07 
9,t0 

s,o4 I 
6,00 

Empirical 
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C,tti&l~0~ 

C,HI.*N=03 

CITH~,NsO,S 

Cl,H,iN30~S 

C.HzjNzO~ 

C.H2tN~)~S 

C~Its3Ns06S 

was t rea ted  with 5.8 g of (I) and s t i r r ed  at 60-70~ for  7 h. The prec ip i ta te  was f i l tered off (filtrate A); 
washed with acetone ,  H20 (fi l trate B), and again with acetone to give 0.2 g of (IX). F r o m  f i l t ra te  B was i so -  
lated 0.03 g (0.3%) of (X). F i l t r a t e  A was evapora ted ,  the res idue  t r ea ted  with CHCI 3, the solution f i l tered 
and evapora ted ,  the res idue  t r ea t ed  with benzene - -  CHCl 3 (1:1) ,  and the prec ip i ta te  f i l tered off (filtrate C) 
and r ec rys t a l l t z ed  f rom CHCi 3 - a b s .  ethanol to give 1.0 g of (IX). F i l t r a t e  C was evapora ted  in vacuo and 
the res idue  chromatographed  on A1203. The column was cluted success ive ly  with pe t ro leum e ther ,  benzene,  
and CHCI 3. The res idue  remain ing  a f te r  evapora t ing  off the CHCi 3 was t r ea ted  with e ther  and the prec ip i ta te  
f i l tered off and r e c ry s t a l l i z ed  f rom CHCl 3 to give 1.9 g of (IX). The total  yield of (IX) was 3.1 g (79.0%). 

React ion of 3 - (~ -Bromobu tyL) -6 -me thy lu rac i l  (XI) with (II) in n-Butanol .  A s t i r r ed  suspension of 9.6 g 
(II) in 500 ml  of abs .  n-butanol  was t r ea t ed  with 13.0 g of (XI) and boiled for  6 h. The solution was f i l te red,  
evapora ted ,  and the res idue  t r ea t ed  with CHCL 3. The prec ip i ta te  was f i l tered off (fi l trate A), d issolved in 30 
ml H20, and the solution t r ea t ed  with ac t ive  cha rcoa l ,  f i l te red ,  and acidified to pH 5 with conc.  HCI. The 
prec ip i ta te  was f i l tered off and d isso lved  in CHCl 3. When the CHCL~ was slowly evapora ted  off, the product  
c rys ta l l i zed  in the f o r m  of needles ,  which were  t r i t u ra t ed  with benzene and f i l tered off to give 0~2 g of (XV), 
map 103-104~ F i l t r a t e  A was evapora ted  In vacuo and the res idue  ch romatographed .  The column was eluted 
success ive ly  with pe t ro leum e ther ,  benzene,  CHCI 3 (2 x 0.5 l i te r  and so on until elutton ceased) ,  and methanol  
(1 x 0.5 Liter and 1 x 1 l i ter ) .  The res idue  r ema in ing  a f t e r  evapora t ion  of the second CHCI3 f rac t ion  was d i s -  
solved in e t h e r - - b e n z e n e  (1:1) ,  the solution was f i l te red  and evapora ted ,  and the res idue  was a zeotropicaLly 
dried with benzene .  The benzene solution was t r ea t ed  with 1 g of AI203, f i l te red ,  and evapora ted  in vacuo to 
give 2.9 g (23.0%) of (XIV) as  a yel lowish v i scous  oil, n ~  = 1.5376. The res idue  remain ing  af ter  evapora t ing  
the second methanol  f rac t ion  was recrystaLLized f r o m  toluene - -  n -p ropano l  to give 0.3 g of (XV). The res idue  
remain ing  a f t e r  evapora t ing  the f i r s t  methanol  f rac t ion  was r e c h r o m a t o g r a p h e d .  The column was eluted suc-  
cess ive ly  with CHCI 3 and methanol  (2 x 0.15 l i te r  and 1 x 0.3 l i t e r ) .  The res idue  remain ing  a f t e r  evapora t ing  
the th i rd  methanol  f rac t ion  was t r ea t ed  with CHC[ 3 and the prec ip i ta te  f i l tered off to give 0.8 g of (XV), giving 
a total  yield (XV) of 1.2 g (6.9%). The res idue  remain ing  a f t e r  evapora t ing  the second methanol f rac t ion  ( res i -  
due B) was  dissolved in 100 mL CHCI 3, washed with wa te r  (4 • 100 mL), and the aqueous phase evapora ted .  
The res idue  was t r ea ted  with CHCI 3 - - a c e t o n e  (1:1) and the prec ip i ta te  f i l tered off to give 1.9 g (1 9.6%) of 
(XVI), mp 142-143~ (from t o l u e n e - - u - p r o p a n o D .  The ch lo ro fo rm layer  was evapora ted  and the res idue  
ch romatographed .  The column was eluted success ive ly  with CHCL 3 and 100 ml of m e t h a n o l - - C H C [  3 (1:10).  
The Last f rac t ion  was evapora ted  down to ~ 3 ml  in vacuo and the prec ip i ta te  f i l tered off to give 0.2 g of (XIII), 
mp 157-158~ (from h e x a n e - - m e t h a n o l ) .  According to IR spec t r a ,  e l emen ta ry  ana lys i s ,  and TLC on Silufo[, 
r e s idue  B contained ~30% of (XVI) and 65% of (XIII), i . e . ,  the yield of (XIII) was  ~4.1 g (23.5%). 

React ion of (XI) with (II) in DMF. A solution of 8.7 g (II) in 400 mL of abs .  DMF was t r ea ted  with 11.7 g 
of (XI) and s t i r r ed  at 70-75~ for  8 h and then at 90-100~ for  1 h.  Af ter  cooling, the prec ip i ta te  was f i l tered 
off (fi l trate A), washed with hot wa te r  and acetone ,  and recrystaLLlzed f rom DMF to give 1.3 g of (XVII), mp > 
330~ (decomp.) .  F i l t r a te  A was evapora ted  in vacuo,  the res idue  t r ea t ed  xvith CHCI 3, the solution f i l tered 
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and evaporated, and the residue chromatographed on AI20 B . The column was eluted successively with petro- 
leum ether,  benzene, CHCI 3 and n-propanol~ The residue remaining after evaporating off CHCI 3 was treated 
with benzene and the precipitate filtered off to give 3.0 g (25.6%) of (XVIII), mp 172-180~ (from toluene -- n- 
propano! and then dioxane -- benzene). The insoluble material from the recrystal l izat ion of (XVIII) was care -  
fully washed with acetone to give 0.2 g more of (XVII), giving a total (XVII) yield of 1.5 g (19.0%). The residue 
remaining after evaporating the n-propanol fraction was treated with b e n z e n e -  CHCI 3 (4 : 1 ), and the precipi-  
tate was filtered off and reprecipitated from n-propanol with ether to give 2.1 g (23.0%) of (XVI), mp 142-143~ 
{from toluene -- n-propanol). 

C O N C L U S I O N S  

The direction of reaction and the composition and ys of products obtained by reaction of the Na salt 
of p-toluenesulfonamide with N-(w-bromoalkyl)uraciis depend primarily on the length of the alkyl chain in the 
lat ter:  When the Na salt of p-toluenesulfonamide reacts  with N-(~-bromopropyl)-6-methyluraci l ,  the latter 
undergoes intramolecular cyclization, whereas the Na salt of p-toluenesulfonamide undergoes intermolecular 
alkylation at the sulfonamide group on reaction withN-(w-bromopentyD-6-methyluracil .  In analogous reac-  
tions, N-(w-bromobutyl)uracils undergo both intramolecular cyclization, followed by opening of the oxazepine 
ring by nucleophilic reagents,  and intermolecular  alkyiation. 

LI TE I~A TU I~E C I T E D  

1. Yu. S. Shvetsov, A. N. Shirshov, and V. S. l~eznik, Izv. Akad. Nauk SSSR, Ser. Khim., 1103 (1976). 
2. J. Pitha, J. Org. Chem., 35, 903 (1970}. 
3. R . B .  Angler and W. V. Curran,  J. Org. Chem., 26, 1891 (1961). 
4. A. 1~. Katrizky and A. J. Waring, J. Chem. Soc., 3046 (1963). 
5. M. Horakand J. Gut, Coll. Czech. Chem. Commun., 26, 1680 (1961). 

FLUORINE-CONTAINING /~-SULTONES 

47. DERIVATIVE S OF 2,2,2-TRIFLUOROETHANE ~J LFONIC ACID 
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Reaction of 2-hydropentafluoropropene with SO 3 followed by hydrolysis of the resulting fl-sultone gives 
2,2,2-~rifluoroethanesuifonyl fluoride in quantitative yield [1 ] 

sos 
so, / \ ,too 

CFsCH=CF~ ~ - "  CFsCH 0 ~ CF~CH2SO2F 

\CF2 / (I) 

It has been found that t reatment  of sulfonyl fluoride (I) with caustic alkali, and also with dilute Ba(OH) 2 
solution, resul ts  in rapid hydrolysis of the sulfonyl fluoride and trifluoromethyl groups, evidently due to the 
mobility of the ~-H atom. It is possible to isolate one of the intermediate products of hydrolysis only when 
the reaction is car r ied  out under acidic rather than basic conditions. Thus, heating of (I) with 10% HCI gives 
2,2,2-trifluoroethanesulfonic acid, which is isolated in the form of its distillable dihydrate (II), and subsequent 
neutralization under controlled conditions gives the K salt (III). The yield of acid (II) is not more than 20%. 
The acid chloride of this sulfonic acid proved to be relatively accessible by heating sulfonyl fluoride (I) with 
AICI 3 (yield ~ 85%) 

6 5 H  _ _ 

~ 4F ~ OOCCH~S0zO ~ 3H20 
H~O+ 

CF~CHzSOzF-- ~ CF3CH~SO~OH "2H20 (II) ~ CF3CHofi020K 
(1) AICI, (Ill) 

~-" CF3CH2S0~CI (IV) 

Institute of Heteroorganic Compounds, Academy of Sciences of the U SSR, Moscow. Translated from 
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 9, pp. 2084-2090, September, 1978. Original 
ar t ic le  submitted April 12, 1977. 
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