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Abstract: Reactions of benzyl 3-(1-hydroxyethyl)-2-oxoazetidine-4-acetate with
dialkylaminosulfur trifluorides under various conditions have been investigated.
Formation of products was found to be highly dependent on temperature,

presence or absence of base, and stereochemistry of the hydroxyethyl group.

In connection with the total synthesis of carbapenem antibiotics related to thienamycin (l)l, PS-5 (2)2,
carpetimyecin (2)3, and olivanic acids (f-_b)!"' we were interested in the effect of a fluorine atom on the C-6

substituent (eg. 1, R=F) and 1n the biological properties of this class of compounds.

Many methods are avaijlable for the introduction of fluorines, mostly via the hydroxyl group. Fluorinating
agents such as diethylam1nufluornchloroethane6, metal fluorides/tetrabutylammonium fluorlde-",
phenyltetrafluorophosphorane 8 and dialkylarminosulfur trnflunrichasg {DAST} have been developed, mainly for

their uses in preparing fluorosteroids. Only a few applications have been reported In the B-lactam

hteraturew.

R R
X,
(CH,CH,),N-5F; -SF,
6 7

Y} R=0H, R" =H, R" = SCH,CH,NH,,
2 R=R'"=H,R"= SCHZCHZNHCOCH3
3 R=0H, R" = CHy, R" = SOCHCHNHCOCH 5, etc.
4 R= 0505, R* = H, R" = SOCHCHNHCOCHS, etc.
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For our study we chose the hydroxyethylazetidinones]‘l 5a/b due to their facile preparation as well as their

use as central intermediates in the synthesis of the carbapenem nucleustt, Treatment of the (R*)-alcohol 5a
with diethylaminosulfur trifluoride glz at low temperature (-TBDC, CHZCIZ) led to instantaneous dis-
appearance of the starting material and formation of a very unpolar, unstable compound in 43 % yield;

the ir spectrum no longer shows the characteristic G-lactam absorption, but a new, intense band at

l. Spectral data are in agreement with an allylic (E)-isocyanate _Eﬂl}’la. On treatment with n-

2255 em”
butylamine {dioxane, 25°C, 5 min) urea %a was obtained quantitatively. No trace of any fluorinated B-lactam

products could be isolated,

PN 3
O,CH,Ph R‘WOQCHQPh

5a Ry = O, R, = H 82 Ry = Ry = H, Ry = CHg, R, = NCO
b Ry = H, R, - OH 83 Ry = CHy, Ry = Ry = H, R, = NCO
10a Ry = F, R, = H 9a Ry = Ry = H, Ry = CHy, Ry = NHCORH(CHy) ;CH,
10b Ry =H, Ry = F 9b Ry = CHy, R, = Ry = H, Ry = NHCONH(CH,) CH,
1la Ry = H, R, = OSON(CH,CH3),
11b R, = H, R, = OSON

Subjecting the {S*)-alcohol 5b to identical reaction conditions afforded a mixture of products. The
crystalline fluoride 10a was obtained in 20 % yield; the presence of fluorine was evident from the

Ii-nmel®, Besides 10a, an inseparable 3/2 mixture (by

characteristic large lH-lgF coupling constants in the
nmr-integration) of allylic isocyanates 8a and 8b could be isolated (21 %). They again were further
characterized by conversion to n-butyl ureas %a and 9b. An additional component of the product mixture was
shown to be the diastereomeric sulfinates &16. In order to increase the yield of the desired product m,

different reaction conditions and an alternative fluorinating agent have been investigated. The results are

sumrmarized in table L
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TABLE 1

entry alcohol conditions fluorinating isolated yield [%] of products

°c) agent 8a 8 10a 1la 11b
1 5a - 78 6 43 - - - -
2 sa - 78 to r.t.% 7 43 - - - -
3 5b - 78 & 21 20 8 -
4 5b - 78 7 8 45 - 10
5 5b - 78 to r.t. 6 =€ 25 - -
6 5b - 78 to r.t. 7 € a0 - -
7 5b - 78 6 - - 28 -
8 5b - 789 7 - - - 4
9 5b - 78 to r.t. 6 - 28 - -
10 sb - 78 to r.t.9 7 - 10 - 5
11 5b - 78¢ 6 26 40 - -
12 5h - 78% 7 19 22 - -
13 5b -110 6 7 3 7 -
14 5b -110 7 s  30° - 16

(a) Experiments were conducted in dry CH2C12 an a 3-10 mM scale. Work-up involved
quenching with sodium bicarbonate solution, extraction and chromatographic purification.

{b} lH--m'nr of the material obtaned after chromatography 1ndicated the presence of ca. 10 %

impurities, which were removed by crystallization.

(c)  Product may have decomposed on warming.

(d) 2 equivalents of pyridine were added.

(e} 2 equivalents of potassium fluaride were added.

The formation of the products can be rationalized by assuming imtial formation of the intermediate A, In
which one fluorine atom of the DAST-reagent is replaced by the alkoxy grouplz. In the reaction with the
(S*)-alcohol 5b this is relatively stable at lower temperature (entry 3, 4, 13, 14) or in the presence of
pyridine and afforded the diastereomeric sulfinates 11a/11b on hydrolytic work-up. In the atter case (entry
7,8) these were the only products which could be isolated. This might be due to the neutralization of the acid

formed, which protonates the amino function and enhances the leaving group character to form intermediate
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B. Unly at higher temperature did the subsequent displacement accur {entry 5,6,9,10). Direct displacement
of the leaving group by fluoride (Sw2) would give the observed fluoroazetidinone 10a with inverse
stereochemistry. Fragmentation of B would lead to the isomeric 1socyanates Baf8b, which could not be

suppressed by addition of solid patassium fluoride (entry 11,12)17.

F)\
’——l/\co,CHzPh
F

——-NH ®
& 2 /§=N(R)2
——{ CO,CH,Ph

L()j
F c/——-NH
@o-—? —N(R),
F

@
/\’——(\OZCHQPh 1,0

/11t

8a/8b
P>
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The preferred course of reaction of the (R*)-alcohol 5a is stereospecific fragmentation into (E)-olefin Ba,
presumably via intermediate A', which has the ideal conformation for such a pathway. The analogous
intermediate A" derived from 5b is sterically more hindered and preference for a different conformation is
likely, thus leading to the observed products. Piperidinosulfur trifluaride 118 was almost as effective as
diethylaminosulfur trifluoride 6 in the fluorination reaction. We are at present investigating other
fluorinating agents to optimize the yield. Transformation of these fluoroazetidinones into carbapenem

antibiotics and their biological properties will be reported elsewherelg.
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15)

(dd, 1, 3 = 16.8, 6.3 H2); 2.62 (dd, 1, J = 16,8, B Hz); 4.44 (m, 1; 5.16 (s, 2); 5.44 (ddq, 1, J = 15.5, 7, 1.8
Hz); 5.75 (dad, 1, J = 15.5, 7, 1 Haz) .37 (s, 5. 2a: oll; ir(CHCly) 1730, 1660, 1520 em; nmr

(CDCL,) 8 0.92 (t, 3, J = 7.5 Hz)y 1.25-1.42 (m, 4); 1.64 (dm, 3, J = 6 Hz); 2.64 (d, 2, J = 6 Hz); 3.07-3.18

3)
(m, 2J; 4.38 (br, 1); 4.57 (m, 1); 5.00 {(br, 1), 5.10 (d, 1, J = 12.5 Hz); 5.14 (d, 1, J = 12.5 Hz); 5.45 {ddq,
1, J = 15, 6, 1.5 Hz); 5.63 (dgd, 1, J = 15, 6.5, 1 Hz}; 7.36 (s, 5). 8a/8b: cil; nmr (CDC13) additional
signals at & 2.50, 4.80, 5.45 and 5.73, corresponding to the (Z)-olefin. 9a/9b: oul; nmr(CDC]j) additional
signals at § 5.00 and 5.44, corresponding to the (Z}-olefin. 10a: mp 40-3°C; 1r(CHC13) 1765, 1730 cm-l;
nmr(CDCl3) 3§ .45 {dd, 3, J = 24, 6.5 Hz); 2.68 {dd, 1, J = 16, 9 Hz); 2.86 (dd, 1, J = 16, 5.5 Hz); 3.01
(ddd, 1, J = 18.5, 7, 2.5 Hz); 4.02 (ddd, 1, J = 9, 5.5, 2.5 H2); 4.97 (dq, 1, J = 48, 6.5 Hz); 5.18 (s, 2); 6.25
(br, 1); 7.40 (s, 5% lla: oil ir(CHC13) 1760, 1730, 1170 cm'l; nmr(CDClB) 1:1 mixture of
diasterecisomers; & 1.14 (t, &, J = 7.2 Hz); 1.38, 1.42 (d, 3, J = 6.8 Hz); 2.60 (dd, 1, J = 17, 8 Hz); 2.B6
(dd, 1, J = 17, 5.4 Hz); 3.00-3.30 (rm, 5); 3.86, 4.03 (ddd, 1, J = 8, 5.4, 2.5 Hz); 4.46 (dq, J = 6.8, 3.5 Hz);
4.52 {dq, J = 6.8, 4.5 Hz, together with signals at 4,46 integrated for one H) ; 5.14 (s, 2); 6.10 (br, 1);
7.38 (s, 5). 1llb: mp 71—30(:; ir(CHZClZ} 1770, 1730, 1155 Cm'l; nrnr(CDCI.S} 3:1 mixture of
dlasteremsomers; § 1.41, 1.42 (d, 3, J = 6.5 Hz); L.40-1.60 (m, 6); 2.65 (dd, 1, J = 16.7, 8.8 Hz); 2.81
(dd, 1, J =16.7, 4.9 Hz); 2.95-3.22 (m, 5); 3.88, 4.03 (ddd, 1, 3 = 8.8, 4.9, 2.5 Hz); 4.52 {dg, J = 6.5, 4.2
Hz); 4.46 (dg, J = 6.5, 3.4 Hz, together with the signals at 4.52 integrated for one H); 5.4 {s, 2); 6.01
(bry 1); 7.37 (s, 5).

Praton magnetic resonance studies did not permit conclusive assignment of the stereochemistry of the
fluorine atom as shown, although mechanistic considerations suggest the structure given to be the
mast probable one, Since the other isomer 10b has rot been prepared, we have transformed 10a in a

three-step sequence to the crystalline diazoketone C and an X-ray crystallographic study was

performed on this compound.

F N, NOz
. o
0 or
) /v— NH :
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16)

17
18)
19)
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The relative stereochemistry of the fluorine atom was found to be as inferred. A detailed report of
the X-ray data, together with 1ts synthesis and further transfdrmation, will be reported shortly
elsewhere,

Similar sulfinates have been reported in the reaction of DAST with stercids; M. Biollaz and J. Kalvoda,
Helv. Chim. Acta, 1977, 60}, 2703,

A. Haas and D. Kortmann, Chem. Ber., 1981, }-‘1‘.5’ 1176.

5,P. von Halasz and O. Glemser, Chem. Ber., 1971, }E]it, 1247.

Abstract has been submitted to the North American Medicinal Chemistry Symposium, to be held on

June 20-24, 1982, 1n Toronto, Canada.
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