
The structure was determined by the direct method using the MULTAN-78 programs [5] and 
was refined by the method of least squares in the full-matrix anisotropic approximation to 
R = 0~09. The positions of the hydrogen atoms in the molecule were determined from difference 
syntheses. The coordinates of the C and O atoms and their anisotropic thermal parameters are 
given in Table 5, while Table 6 gives the coordinates of the hydrogen atoms. 

SUMMARY 

The crystal and molecular st~ueture of methyl B-L,arabinopyranoside has been determined. 
The geometric parameters of the glycosidic bond have been found and the presence of a 
O(2)--H...O(1) intramolecular hydrogen bond in the molecu&e has been established. Differences 
are observed in the geometric parameters of the molecules of methyl 8-L,arabinopyranoside, 
~-D-arabinose, and 8-DL-arabinose which are ~xpressed in smaller values of the lengths of the 
C(4)--C(5) and C(5)--0(6) bonds and in changes in the conformational angles of the molecule 
except for the angle at the C(3)--C(4) bond. 

1, 
2. 
3. 
4. 
5. 
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13C NMR SPECTRA OF BIOLOGICALLY ACTIVE COMPOUNDS. 

II. II-DEOXY-16- AND 17-ARYLOXYPROSTAGLANDINS 

G. A. Tolstikov, L. M. Khalilov, 
A. A. Panasenko, M. A. Danilova, and M. S. Miftakov UDC: 543.~22.25+547.915 

The :~C NMR spectra of the initial ~-aryloxy chains and the final 16- and 17- 
aryloxyprostaglandins of the ll-deoxy series have been investigated, and stereo- 
chemical assignments have been made for the diastereomeric pairs. A weakening of 
the diastereotopic effects in the spectra of the 15- and 16-methyl-substituted 
16- and 17-phenoxypropstaglandins to 0.i ppm has been shown. 

Aromatic fragments in the molecules of synthetic prostaglandins impart new properties 
to them: resistance to biological breakdown, and increased activity and selectivity of 
biological action [i]. With the aim of the stereochemical monitoring and study of diaste- 
reotopic effects in aryloxyprostaglandin derivatives we have as before [2], used the method 
of ~3C NMR spectroscopy. In the literature on aryloxyprostaglandins only the 13C NMR spectrum 
of 16-phenoxy-ll'deoxyprostaglandin has been described [3]. In this paper, erroneous assig- 
nments of some stereochemically important CI~-C~6 signals of the m-chain are given. In this 
connection, we have made a detailed study of ~3C NMR spectra of the final 16- and 17-aryloxy- 
ll-deoxy-PGE~'s and their initial u-chains, have made spectral and stereochemical assignments, 
and have estimated the diastereotopic effects according to the types of chiral centers and 
the distance between them. 

Table 1 gives the chemical shifts (CSs) and multiplicities of some signals and (in the 
case of the fluorine-substituted derivatives) the J:3C-19F spin-spin coupling constants 
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(SSCCs) for the cis and trans isomers of a series of 4- or 5- aryloxy-3-hydroxy-l-iodobut- 
(or pent-)-l-enes and their synthetic precursors: 4- or 5- aryloxy-3-hydroxy-l-tributyl- 
stannyl-and -l-tributylstannyl-3-trimethylsiloxybut-(or pent-)-l-enes. 

The spectrum of 3-hydroxy-l-iodo-4-phenoxybut-l-ene (I) contains eight nonequivalent 
signals. The signals of the C~ double-bond carbon atom directly attached to an iodine atom 
experience a considerable diamagnetic shift through the heavy-atom effect [4]. 

The determination of the configuration of the Cz--C2 double bond caused some difficulties, 
since the signals of the carbon atoms of a double bond and of the groups directly attached to it are 
usually observed in a weaker field for the trans isomer than for the cis isomer [5]. In the 
spectrum of compound (II), however, of the above-mentioned signals only the C2 signal was 
present in a stronger field. Bringing in literature information on the CS values of l- 
bromoprop-l-ene [6], which are given in the scheme, shows that in halogen-substituted double 

~8.9 Ie9.¢ ~o47 / , 

Br / = = ~  B r / ~ ' .  la2~ ppm 

bonds the signal of the C~ carbon atom for the cis isomer is located in a weaker field than 
that for the trans isomer as a result of the redistribution of electron density, and the shift 
of the C2 signal has the opposite tendency. The signal of the C3 atom, bearing a hydroxy 
group incompound (II) is also shifted downfield in comparison with the corresponding signal 
of compound (I). 

1 R¢ 4 m g 

• m o R 
2 

OR~ 
R 2 

l--Xll re=O, XIII--XVI m=l 
R=I,-R,. R.:, .R3, R4~--H(I);. R=SnBua, Rt=Si;¢,c~, R2, Ra, R4:H (111) 
R=I, Rt, R:, R.~=H, R3=F (IV); R=SnBu s 
R,:SiMea, R~, R4=H, R3=F (V); RI, R3, R4 =H, R2----CF3 (VI); 
R=SnBu3, RI=SI,~'~e3, R~=CF3, R3, R;=H (VII); 
R=I, Rt, Rs, R,~H, R~=CI (VIII); R=SnBua 
R~=SiMe 3, R., R4=FI. Ra=C[ (X); R=I. RI, R~, RasH 
R4----Me" (Xl); Rt=SnBu3, RI=SIV%. R2, R3 =H 
R4~--3~,e" (XII); R=I, RI:SI-V.ea, R:, Ra---H, R4::V,e (XIII) 
R=SnBu3, Rt=Si~A%; R:, R3=H, R~----..~C.e (XV) 

, R ,  -.R \--/ 'c"m 
OR~ "R. 

R=I, R~, R~, R3, R~=H (ll); R=I, R1, R~, R~=H, R~=CI (IX) 
R =~ RI=SiMe3, R~, R3=H, R4=Me (XIV) 
R=SnLua, R:, R3=H, R4=Me (XVI). 

In contrast to the isomeric pairs of vinyl iodides (I and II; VIII, and IX; and XIII and 
XIV), slight screening of the C~ and C2 double-bond carbon atoms and of the C3 allyl carbon 
atom for the tributylstannyl derivatives is observed, which is well seen, for example, in a 
comparison of the CSs of the cis isomer (XVI) and the trans isomer (XV). We have observed a 
similar effect previously for trimethylsilyl-substituted double bonds [7]. 

Definite interest is presented by the assignment of the signals of the sp=-hybridized 
carbon atoms for the tributylstannyl derivatives (III), (V), (VII), (XII), (XV), and (XVI). 
In the first place, the decrease in the value of the J~3C-~H SSCC, 146 Hz, in compound (III) 
for the carbon atom bound directly to the Sn atom as compared with the ethylene molecule 
Jz3C-zH = 156.4 Hz [4]) must be mentioned. In the second place, on the attachment of a methyl 
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group to C3 in compound (XII) there is a descreening of the Ca atom (B-effect of the methyl 
group) and a screening of Ca (8'-effect) in comparison, for example, with the analogous 
signals of compounds (III), (V), and (VII). In contrast to (IX), the position of the methyl 
and trimethylsilyloxy group at C~ in compound (V) causes a screening of the C2 carbon atom. 

The multiplicities of the signals of the carbon atoms in the 69-77 ppm region unam- 
biguously show that they belong to the Ca and C~ atoms in compounds (I)-(XII) and the Ca and 
C5 atoms in (XII)-(XVI), and, as a rule, the carbon atoms bearing hydroxy and trimethylsiloxy 
groups are the more screened. 

The positions of the signals of the aromatic carbon atoms of the para-F- (IV, V), meta- 
CY3- (VI, VII), meta-Cl- (VIII, IX), and para-Cl-(X) -substituted phenoxy groups can easily 
be predicted by using ffgures calculated by additive schemes [6]. The magnitude of the 
splitting of the signals on the 19F nucleus decreases monotonically with an increase:in the 
number of bonds separating the 13C nucleus observed and the :9F nucleus. The direct (through 
a single bond) ~J~c-~gF SSCC has the maximum value of 238-247 Hz. The constants through two 
bonds 2JI3c-~gF ~ange between 21 and 32 Hz, and those(through three bonds - aj .1~C-.~9F from 4 
to 9 Hz. 

The spectroscopic parameters ~3C NMR obtained for the synthons studied have been used in 
the analysis of the spectra of the final 16- and 17-~-aryloxyprostaglandins. 

Table 2 gives the multiplicities of some signals and the CSs and J~3C-~gF SSCCs for the 
m-aryloxyprostaglandins (XVII-XXIX) that we have studied. The assignment of the signals of 
the carbon atoms of the s-chain and:of the five-membered ring was made in accordance with 
literature information and ~esults obtained by ourselves previously [2, 3]. The assignment 
of the signals of the carbon atoms of the m-chain was made independently of literature infor- 
mation, since some contradictions were detected in it. The multiplicities of the signals of 
the carbon atoms bound to oxygen atoms in the spectrum of prostaglandin (XVII) unambiguously 
show the assignment of the doublet at 70.6ppmto theC15 atom and the triplet at 71.8 ppm to them 
C~6 atom. In the 

g•, .7 5 3 

\ / ;4 R~ 
11 1 ° :" 15 ~'~ 

RI=Bu, R~, Ra, R4 =H,  n=l ,  m=O (XVII) 
:Rv=EI,. R~, R4=H, Ra=F, n----O, m=O (XX) 
Rl=Et; R2=CFa, Ra, R4=H, n=O, m=O' (XXIII) 
Rl, R=, Rs-----H, R~=Me, n=O, m=O (XXVIt) 

R,----Bu, R=, RasH, R4=Me, n=-l, m=l  (xXIx}. 

o 

R 4 

" ~  ( l ] H 2 ) r n / ~  0 ~ ~ "  Ra. 
Oh \R~ 

RI=Bu, R.., Ra, R4=H, n=l ,  m=O (XVIII) 
RI=Et, R~, R~=H, Ra=F, n=O, m=O (XXl) 
RI=EI, R~----CFa, Ra, R,=H, n=O, m=O (XXIV) 
Rh R2, Ra----H, R4 =A%, n--O, m=O (XXVI) 
RI=Bu. Ra, Ra=H, R~=Me, n=l ,  m=l  (XXVIII) 
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0 

2 

R,=Bu, R~, R3, R~=H, n=, m=O (XIX) 
R1=Et, Ra, R;=H, Rs=F, n=O, rn=O {XXII) 
RI=:Et, R~CF3. R 3, R~=H, n=O, m----O (XXV). 

case of the 15B epimer (XVIII) some screening of the C~2 and C~s carbon atoms (up to 0.3 
ppm) in comparison with the corresponding atoms of compound (XVII) is observed. The dia- 
magnetic shifts of the signals of the chiral centers are explained by erythro interactions 
of the substituents at these centers in the 15B epimer (XVIII). 

TJ ~b~CX ~ I  
il 

° .,.' CO~ 

1 3 5  4 • 7 ~  5 

OH ~3a g i7o~ 
O~ 

I t  

O XX~I 

,.__/ 130.8 72.0 

F i ~4 

A comparison of the signals of the carbon atoms of the double bond in the 8-cis isomer 
(XIX) with the signals of the trans isomer (XVII) and (XVIII) shows that the doublets at 
130.3, 135.6, and 135.0 ppm belong to the C,~ atom in the corresponding compounds. The 
screening of this carbon atom in the 8-cis isomer (IX) is caused by the interaction of the 
side chains [8]. The signals of the carbon atoms of the aromatic ring in the spectrum of 
each of the prostaglandins (XVII)-(XX) practically coincide with the values obtained for the 
m-aryloxy chains of (I)-(XVI). 

The presence of a methyl group in position 15 (XXVI, XXVII) leads to some equalization 
of the molecular contributions of the ~-atoms of the C15 chiral center which should apparently 
weaken the diastereotopic effects. In actual fact, the difference in the CSs of the signals 
for (XXVI) (15B) and (XXVII) (15~) is appreciable only for the C18 carbon atom and does not 
exceed 0.i ppm. In the structures of compounds (XXVIII) and (XXIX) an additional methylene 
group increases the distance between the chiral centers to four carbon-carbon bonds. Never- 
theless, the splitting of the C16 signal (by 0..i ppm) permits the assumption of a difference 
in the stereochemistry of compounds (XXVIII) and (XXIX), which are formed in a mixture with a 
ratio of approximately izl. 

The compounds (XVII)-(XIX) considered in this investigation differ from the stereoisomers 
of 16-phenoxy-ll'deoxyprostaglandin (XXX)-(XXXII) described in the literature [3] by the fact 
that the ~-chain is one carbon atom longer, and compounds (XVIII) and (XIX) are butyl esters, 
in contrast to the ethyl esters (XXX)-(XXXII). The complete analogy of compounds (XVIII) 
(XIX) and (XXX-XXXII)permits the assignment of the C~s-C16 signals given in [3] to be 
considered erroneous and the mutual inversion of the assignments of the C~3 and C,~ and the 
C15 and C16 signals to be proposed, as shown in the scheme. 

EXPERIMENTAL 

The 13C NMR spectra were taken on a JEOL FX-90Q spectrometer (22.5 MHz) with broad-band 
and off-resonance suppression with respect to protons at room temperature. The samples were 
irradiated with 45-degree pulses every 3 sec. Field sweeps of 6024 and 4000 Hz; resolution 
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of the analog-digital converter 0.74 and 0.49 Hzo The samples were prepared in CDCI~ (5-10 
vol%) with TMS as internal standard. The field was stabilized with respect to the signal 
of deuterium (solvent). The syntheses of the compounds studied has been described in [9, i0]. 

SUMMARY 

The structures of a number of initial ~-aryloxy chains of the prostaglandins have been 
established and the geometries of their double bonds have been determined. A stereochemical 

assignment has been made of the final 16-aryloxy-ll-deoxyprostaglandins. It has been shown 
that the weakening of the diastereotopic effects for the 15- and 16-methyl-substituted 16- 
and 17-phenoxyprostaglandins reaches 0.i ppm. A reassignment of the stereochemically im- 
portant signals of the C13-C16 carbon atoms of the 16-phenoxy-ll-deoxyprostaglandins has been 
made. 
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