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The conversion of [2-deutero-3-fluoro-D-Ala8]cyclosporin A (1) to a dehydroalanine analog
[zl-Ala8]cyclosporin A (2) was achieved with lithium diisopropylamide in THF at low temperature.

This dehydro compoundis a useful intermediate for the preparation of position 8 analogs of
cyclosporin A formed from it by the conjugate addition of thiol compounds. NMRconformational
studies have provided evidence for the restoration ofD-stereochemistry in the modified Ala8 residues.
The preparation of several of these cyclosporin analogs and their bioactivities are described.

Cyclosporin A (CyA) is a potent immunosuppressant which has received widespread clinical application
in therapy accompanying organ transplantation and promising reports of its efficacy have appeared in the
treatment of rheumatoid arthritis, psoriasis, uveitis and myasthenia gravis1*. CyA's usefulness is limited
by renal and hepatic toxicities2) and numerous analogs have been investigated in an effort to find one with
improved potency and therapeutic index3 ~6). Toward the latter goal we decided to introduce substituent
groups into CyAwhich might be expected to alter its in vivo metabolism. Wechose the [D-Ala8] residue
as a possible site for these modifications since this amino acid position is accessible to biosynthetic
modification6>7). Importantly, cyclosporin analogs retaining good immunosuppressive activity have been
described in which D-Ala8 has been replaced by D-Ser6) and 0-acetyl-D-Ser8). Other analogs in which this
position has been substituted with £-chloro-D-Ala7), D-Abu7), or D-Lys9) are also active immunosup-
pressants. More recently, it has been reported that the D-Ala8 residue is not involved in cyclophilin
binding10'1 1* and thus modified D-Ala8 residues could be positioned on or near a putative effector surface
of the cyclophilin-CyA complex12*.
The availability of [2-deutero-3-fluoro-D-Ala8]CyA (1)13) provided a potentially useful intermediate
for the preparation of residue 8 modified cyclosporins. Wewere intrigued by the report that a stable
polyanion of CyA could be generated at low temperature and alkylated to produce [Sar3]CyA analogs
without appreciable epimerizations or other destructive alterations of the cyclosporin molecule14'15*.We
were also aware that fluorine is readily ^-eliminated from fluoro-D-alanine in the a anionic species which
is formed when it inactivates alanine racemase16). In fact, when 1 was treated with a large excess of lithium
diisopropylamide (LDA) under polyanion forming conditions a dehydroalanine analog [zl-Ala8]CyA (2)
was formed in moderate yield. It was possible to add thiol-containing compounds to the dehydroalanine
residue at position 8 and the characterization of these newcyclosporin analogs is reported below.

Chemistry

The preparation of residue-3 substituted cyclosporins has been achieved by the reaction of a variety
of electrophiles with a polyanionic cyclosporin formed in anhydrous THFat -78°C14'15). A large excess
of LDA(1 1 to 16 equivalents) was used to ionize the various active hydrogen atoms in this molecule and
to form a highly reactive carbanion on the alpha carbon atom of Sar3. To eliminate HF from 1 we
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Fig. 1. Structures ofcyclosporins modified at the d-Ala8 position.

1 R=F- Rj=2H
3 R-CH3S- Rx-H

4 R=CH3S(O)- R1==H
5 R=HOCH2CH2S- R1=H
6 R=HOCH2CH2S(O)- R^H
7 R=CH3O2CCH2S- R^H

employed 21 equivalents of LDAat -78°C in THFfor 30minutes and allowed the temperature to rise
slowly to -30°C over 4 hours whereupon the reaction mixture was again cooled to -78°C and quenched
with aqueous HOAc. Conversion to 2 went remarkably well under these conditions. The isolated yield
was reproducibly about 35%, and allowing for recovered starting material, the conversion was about

55%.

[zl-Ala8]CyA (2) is a substituted acrylamide to which we were able to* add thiol compounds in a
Michael reaction in modest yields to afford the products shown in Fig. 1. From this reaction we isolated
in each case only one diastereomeric product. Inspection of CPKmodels of an enolate anion intermediate

built using the NMR derived solution conformation17'18) of CyA suggested that the least hindered

orthogonal protonation of this anion would generate D-stereochemistry. This possibility had to be rigor-
ously established and for this purpose, we turned to NMRstudies of the methanethiol adduct 3.

Comparison of the *H and 13C NMRassignments of CyA and 3, showed remarkable similarity except
those expected for the resonances of the modified residue at position 8 and minor changes of someof the
neighboring L-Ala7 and MeLeu9 residues (see Table 1). The 13C resonances of all other carbons were
consistent within 0.2 ppm and the data strongly suggested similar conformations. All four N-H protons
have similar chemical shifts in the two compounds respectively, implicating their hydrogen bonds NH-C=0
to have remained intact, in particular the bifurcated hydrogen bond between the N-H of the Ala8 residue
and the MeLeu6 and MeLeu9 C=O's, postulated by Kessler et al. lltl8) in CyA. Dreiding model building
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Table 1. XH and 13C NMRassignments of backbone resonances ofCyA and 3 in C6D6a.
CyA 3

Assignment15
1H 13C 1H 13C

NHCO Abu2 8.27 d (9.8) 173.7 s 8.42 d (9.6) 173.6 s
Ala7 7.95 d (7.1) 171.2 s 8.07 d (7.4) 171.6 s

Ala8 7.61 d (7.8) 174.2 s 7.64 d (8.1) 172.6 s
Val5 7.44 d (8.7) 174.2 s 7.46 d (8.8) 174.1 s

a-CH ML9 5.87dd (4.2, -10.6) 48.4d 5.92dd (5.1, 10.1) 48.9d

MB1 5.75 d (7.6) 59.4 d 5.76 d (7.9) 59.3 d
ML4 5.59 dd (4.1, ll.6) 55.7 d 5.60 dd (4.0, ll.6) 55.6 d
ML6 5.38 dd (5.5, 10.4) 55.5 d 5.43 dd (5.5, 10.4) 55.3 d

ML10 5.33dd(5.5,8.5) 57.8d 5.33dd(5.2, 8.6) 57.7d

MVll 5.25d(ll.1) 58.3d 5.22d(10.5) 58.5d
Abu2 5.12dt(9.6, 7.4) 49.0d 5.10dt(9.7, 7.2) 49.1 d

Val5 4.88 dd (8.7, 10.0) 55.5 d 4.90 dd (8.8, 10.0) 55.5 d
Ala8 4.83 dq (7.9, 6.8) 48.3 d 5.13 brdt(-6.9, -7.2) 49.0d

Ala7 4.82 dq (-7.2) 49.0 d 4.81 dq (-7.2) 49.0 d
Sar3 3.99 d (13.8), 49.5 t 4.00 d (13.6), 49.5 t

2.17 d (13.8) 2.20 d (13.8)
P-CH MB1 4.19dt(7.4, 5.6) 74.4d 4.18 m 74.3 d

Ala7 1.68 d (7.2) 16.1 q 1.64 d (7.3) 16.3 q
Ala8 1.06 d (6.6) 17.9 q 2.74 dd (7.4, 13.5), 37.2 t

2.57 dd (6.7, 13.5)
SMe - - 1.74s 16.5 q

CONMe MB1 3.72 s 33.8 q 3.68 s 33.5 q
ML6 3.22 s 31.6 q 3.22 s 31.6 q
Sar3 3.06 s 39.0 q 3.06 s 39.0 q
MVll 2.98s 30.4q 2.99s 30.5q

ML9 2.92 s 29.4 q 3.17 s 29.5 q
ML10 2.85s 30.0q 2.85s 30.0q

ML4 2.58 s 30.8 q 2.59 s 30.8 q

a XH and 13C chemical shifts are given in ppm down field ofTMS at 400 and 100MHz, respectively;
coupling constants in parentheses are given in Hz.

b The residues are numbered (superscript) as in ref 5 and are abbreviated as follows:

MB^ C^^-butenylJ^^-dimethyl-L-threonine (MeBmt); Abu2 = a-aminobutyric acid; Sar3 =
sarcosine; ML4'6'9'10=7V-methylleucine (MeLeu); Val5 =valine; Ala7'8=alanine; MVU=JV-

methylvaline (MeVal).

moreover suggested that the iV-methyl groups are sensitive indicators of diamagnetic anisotropy of the
peptide carbonyl bonds. That their widely dispersed chemical shifts (<S 2.55 ~ 3.75) are almost identical in

both compounds as well as the similar 3JaCHNHvalues, are indicative of a rigid backbone and similar

conformations. The slight up field shift of the MeLeu9NMqresonance can in large part be attributed to
the substituent change at the Ala8 position.

The similar conformations of CyAand 3 were more critically demonstrated by comparison of pure
absorptive mode 2D-NOEdata in C6D6, recorded with identical experimental parameters, using mixing
times of 0.35 and 0.5 second. The experiments were carried out in C6D6as better dispersion, compared
to CDC13, of signals in the methyl (S 0.5-2.00) and a-CH regions (S 4.4-5.7) was observed.

Materials and Methods
T Cell Proliferation Assay
The immunosuppressive activity of CyA analogs was evaluated as previously described19'20). T cells
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were isolated by nylon wool column separation from spleen of C57B1/6 mice. The cells were suspended
at 106 cells/ml in RPMI-1640 culture medium (Gibco, Grand Island, NY) supplemented with 10%

heat-inactivated fetal calf serum. The cell suspension was distributed into 96 well flat-bottom microculture
plates (Costar, Cambridge, MA)at 200^I/well. Various concentrations of the CyAanalogs or of CyA,
used as a reference, were added in triplicates to the wells. Control wells received mediumonly. Thecultures
were then stimulated with ionomycin (250ng/ml)+PMA (lOng/ml) and incubated at 37°C in a humidi-
fied atmosphere of 5%CO2-95%air for 44hours. The proliferation of T lymphocytes was assessed
by measurement of tritiated thymidine incorporation. After 44 hours of culturing, the cells were pulse-
labeled with 2/iCi/well of tritiated thymidine (NEN, Cambridge, MA). After another 4hours of incu-
bation, cultures were harvested on glass fiber filters using a multiple sample harvester. Radioactivity
of filter discs corresponding to individual wells was measured by standard liquid scintillation counting
methods. Meancounts per minute of replicate wells were calculated and the results expressed as percent
inhibition of tritiated thymidine uptake (proliferation) as follows:

% Inhibition= 100- cpmcells treated with compoundxlOO
cpm cells in media only

The IC50 for the test compound was determined and expressed as percent of the IC50 of the control CyA.

In Vivo T Cell Activation
Female C57BL/6NTacfBRmice were purchased from Taconic Farms (Germantown, NY) and housed

in a sterile, pathogen-free environment. In vivo T cell activation was achieved with an intravenous injection
of Con A (400jug/animal; ICN Biologicals, Lisle, IL). One hour after the Con A injection, spleens were
removed and single cell suspensions prepared. Red blood cells were lysed with ACKlysing solution (Gibco,
Grand Island, NY) and dead cells removed with high phosphate buffered saline. Spleen cells were washed
in l-15, 5% fetal calf serum, 10mMHEPES, and a-methyl-D-mannopyranoside (2mg/ml) and cultured
in RPMI-1640, 10% fetal calf serum, lOmMHEPES, nonessential amino acids, sodium pyruvate,
L-glutamine, and 5 x 10~5 M2-mercaptoethanol. Cells were cultured in flat-bottom microtiter plates at
5 x 105per well (n=12 wells per condition) for 24hours at 37°C in 7% CO2 in the presence of 2fiCi of
[3H]thymidine. Cell activation was assessed by the incorporation of [3H]thymidine into new DNAand
measured by liquid scintillation counting.

CyAand CyAanalogs were administered intravenously 30minutes prior to the injection of Con A.
Compoundswere solubilized in ethanol, diluted in Cremophor, and further diluted 50-fold in sterile phosphate
buffered saline. Inhibition of T cell proliferation was plotted with four-parameter curve fitting and, where
applicable, ED50 values calculated. Under these conditions, CyA produces ED50 values from 5 to lOmg/kg.

General Chemical Methods
FAB-MSdata were obtained using a MAT731mass spectrometer at 8 Kvin the FABmode. 1UNMR

and 13C NMRspectra were recorded on Varian XL-300 and XL-400 spectrometers (TMS standards). XH
and 13C NMRassignments in C6D6and/or CDC13were made by comparison with those reported for
cyclosporin A by Kessler et al.11A8) and on the basis of ^^H COSYand RELAYexperiments.
Pure-absorptive mode2D-NOESYspectra were accumulated in C6D6using the standard pulse sequence
with phase-sensitive detection21}. Mixing times were 0.35 and 0.5 second and the delay times between
scans were 2.65 and 2.5 seconds, respectively. The NOE's are designated strong (s), medium(m) or weak
(w). Preparative and analytical HPLCseparations were performed using DuPont Zorbax ODScolumns
maintained at 60°C with an LDCSpectromonitor III detector operated at 210 nm and with a Spectra-Physics
SP 4100 computing integrator. Preparative TLCseparations were achieved using 20 x 20 cm Analtech silica
gel GF plates (0.5mm thick).

[DehydroAla8]CyA (2)
LDAin cyclohexane (0.6ml, 0.9mmol) was added to 2ml THF stirred at -78°C under N2. To this

solution was added [2-deutero-3-fluoro-D-Ala8]CyA (1) (50mg, 0.042mmol) in 0.1 ml THF. The mixture
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was stirred at -78°C for 30 minutes and the temperature was slowly raised to -30°C over 4 hours. The
mixture was then cooled to -78°C, quenched by adding HOAc(0.15ml) in H2O (0.9ml) and added to
saturated aq NaCl (20ml) containing NaHSO4 (0.2 g). The reaction products were extracted into EtOAc
(3 x 20ml). The latter extract was washed with saturated aq NaCl (2 x 20ml), dried over Na2SO4 and taken
to dryness under vacuum. The residue (47mg) was purified by preparative TLC (CHC13 - EtOH, 96 : 4)
using two developments to afford two major bands. From the more polar band was obtained 2 (17mg,
34%) as a colorless solid; Rt 14 minutes on analytical HPLC (CH3CN-H2O, 80: 20); FAB-MS m/z 1,200
(M+H)+ consistentwithmolecularformula C62H109N1XO12; lU NMR (CDC13) 3 0.69 (3H, d, J=6.5 Hz),
0.80(3H, d,.7=6.6Hz), 0.92 (3H, d,.7=6.7Hz), 0.96 (3H, d, /= -6.5Hz), 0.98 (3H, d, J= -6.5Hz), 1.00
(3H,d,/=6.5Hz), 1.01 (3H,d,/=6.3Hz), 1.02(3H,d,/= ~6.5Hz), 1.34(3H,d,/=7.3Hz),2.69(s,NMe),
2.76 (s, NMe), 3.07 (s, NMe), 3.20 (s, NMe), 3.21 (s, NMe), 3.36 (s, NMe), 3.47 (s, NMe), 3.76 (t, 7=6.5Hz,
MB^H), 4.42 (dq, /=7.0Hz, Ala7aH), 4.65 (dd, /=8.5 and9.5Hz, Val5aH), 4.71 (d, /= 14.2Hz, Sar3aH),
4.97 (brs, Ala8^H), 5.16 (d, 7=10.6Hz, MVnaH), 5.43 (d,.7=6.0Hz, MB^H), 5.61 (dd,.7=4.3 and
ll.0Hz, ML9aH), 5.73 (brs, Ala8£H), 7.42 (d,.7=8.6Hz, Val5NH), 7.64 (d,.7=6.6Hz, Ala7NH), 8.03
(d, 7=9.5Hz, Abu2NH), 8.28 (s, Ala8NH). 13C NMR (100MHz, CDC13) 3 9.9q, 15.8q, 16.6q, 17.9q,'
18.6q, 19.5q, 20.2q, 21.2q, 21.8q, 22.0q, 23.1q, 23.4q, 23.7q (2x), 23.9q, 24.6d, 24.7d, 24.9d, 25.0d,

25.21, 29.0q, 30.1q, 30.4q, 31.1q, 31.2q, 31.3d, 32.5q, 33.9q, 35.61, 35.9d, 36.01, 37.lt, 39.2q, 39.31,

40.81, 48.9d, 49.2d, 49.3d, 50.21, 54.9d, 55.2d, 55.5d, 57.5d, 57.8d, 58.3d, 74.7d, 108.31 (Ala8j8C),
126.3d, 129.5d, 134.8s (Ala8aC), 167.6s (Ala8CON), 170.0s, 170.1s, 170.3s, 170.5s, 170.8s, 171.1s,

171.9s, 173.4s, 173.50s and 173.53s. From the less polar band there was obtained 19mg of recovered
starting material 1. The conversion yield to 2 was 55%.

[3-Methylthio-p-Ala8]CyA (3)
To a stirred solution of [zl-Ala8]CyA (2) (45mg, 0.037mmol) in methanol (1.0ml) was added sodium

methylsulfide (60mg) in methanol (1.5ml). The mixture was kept 18hours at 20°C. It was then added to
20 ml of saturated aq NaCl containing NaHSO4 (0.3 g) and themixture was extractedwith EtOAc (4 x 15 ml).
The organic extract was washed with saturated aq NaCl (2 x 15 ml), dried over Na2SO4and concentrated
to dryness under vacuum. The residue (38mg) was purified by HPLC(CH3CN-H2O, 70:30, Rt 20.5
minutes) to afford 3 (12mg, 26%); FAB-MS m/z 1,248 (M+H)+ consistent with molecular formula
C63Hii3NuO12S; *H NMR (C6D6) see Table 1; 13C NMR (100MHz, C6D6) 3 10.1q (Abu2yC), 16.0q
(Ala7£C), 16.3q (Ala8SMe), 17.9q (MB^C), 18.1q (MB^C), 18.6q (Val5yC), 18.8q (MVU<5C),

20.0q (Val5yC), 20.0q (MVnyC), 21.4q (ML63C), 22.0q (ML10<5C), 22.5q (ML4(5C), 23.6q (ML63C),
23.6q (ML4<5C), 23.8q (ML10<5C), 24.2q (ML9<5C), 24.5q (ML9<5C), 24.7d (ML9yC), 25.2d (ML10yC),

25.3d (ML4yC), 25.61 (Abu2£C), 25.7d (ML6yC), 29.5q (ML9NMe), 29.8q (MVnNMe), 30.0q

(ML10NMe), 30.5q (MVuNMe), 30.8q (ML4NMe), 31.5d (Val5£C), 31.6q (ML6NMe), 33.5q

(MB^Me), 35.31 (MB^C), 35.6d (MB^C), 36.51 (ML4£C), 37.21 (Ala8j8C), 37.81 (ML6£C), 39.0q

(Sar3NMe), 40.21 (ML9NMe), 41.41 (MLloj5C), 48.9d (ML9aC), 49.0d (Ala8aC), 49.0d (Ala7aC), 49.1 d
(Abu2aC), 49.51 (Sar3aC), 55.3d (ML6aC), 55.5d (Val5aC), 55.6d (ML4aC), 57.7d (ML10aC), 58.5d

(MVllaC)J 59.3d (MB^C), 74.3d (MB^C), 126.2d (MB^C), 130.8d (MB^C), 169.6s (ML4C0N),
170.0s (MB^ON), 170.5s (ML9CON), 170.5s (ML10CON), 171.0s (Sar3CON), 171.6s (Ala7CON),

171.8s (ML6CON), 172.6s (Ala8CON), 173.6s (Abu2CON), 174.0s (MV^CON), 174.1 s (Val5CON).

[3-(Methoxycarbonylmethylthio)-D-Ala8] CyA (7)
A solution of methyl mercaptoacetate (25 mg, 0.24mmol) in methanol (0.5 ml) was added to NaOMe

(13mg, 0.24mmol) and the mixture was added to a solution of2 (ll mg, 0.01 mmol) in methanol (0.5ml).
After 18hours at 20°C work up as for compound 3 gave 15mg of crude 7. It was purified by HPLC
(CH3OH-H2O, 85 : 15, Rt 16.9 minutes); FAB-MSm/z 1,306 (M+H)+ consistent with molecular formula
C65H115N11O14S.

[3-(2-Hydroxyethylthio)-D-Ala8]CyA (5)
A solution of 2-mercaptoethanol (21 mg, 0.27mmol) in THF (0.5ml) was added to NaOMe (10mg,

0.18mmol). To the stirred mixture was added 2 (18mg, 0.015mmol) in THF (0.8ml). After 18hours at
20°C work up as for compound 3 gave 26mg of crude 5 which was purified by HPLC(CH3CN-H2O,
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75:25, Rt ll.5 minutes); FAB-MS m/z 1,278 (M+H)+ consistent with moleculor formula
C64H115NnO13S; *H NMR (C6D6) 3 0.64 (3H, d,.7=6.4Hz), 0.85 (3H, t,.7=7.2Hz), 0.95 (6H, d,
J=6.4Hz), 0.99 (3H, d,.7=6.5Hz), 1.07 (3H, d,.7=6.5Hz), 1.66 (3H, d,.7=7.2Hz), 2.15 (d, /=13.9Hz,

Sar3aH), 2.56 (s, ML4NMe), 2.84 (s, ML10NMe), 2.98 (s, MVnNMe), 3.04 (s, Sar3NMe), 3.07 (s,

ML9NMe), 3.20 (s, ML6NMe), 3.71 (s, MB^Me), 3.97 (d, J= 13.8Hz, Sar3aH), 4.15 (m, MB^H), 4.85
(dq, /= -7.3Hz, Ala7aH), 4.85 (dd,.7=8.7 and 10.0Hz, Val5aH), 5.10 (dt,.7=9.7 and 7.4Hz, Abu2aH),
5.15 (dt, 7=5.8 and -7.7Hz, Ala8aH), 5.32 (dd,.7=5.2 and 8.6Hz, ML10aH), 5.37 (dd, 7=5.5 and

10.3Hz, ML6aH), 5.56 (dd,.7=7.3 and -12.1 Hz, ML4aH), 5.76.(d,.7=7.5Hz, MB^H), 5.89 (dd, /=4.6
and 10.1Hz, ML9aH), 7.46 (d,.7=8.8Hz, Val5NH), 7.68 (d,.7=8.0Hz, Ala8NH), 8.17 (d, ,7=7.3Hz,
Ala7NH), 8.31 (d,.7=9.6Hz, Abu2NH). 13CNMR(75MHz, C6D6) 3 10.1q, 16.0q, 17.8q, 18.1q, 18.5q,
20.0q, 20.1q, 21.4q, 21.9q, 22.3q, 23.6q (2x), 23.8q, 24.2q, 24.5q, 24.8d, 25.2d, 25,3d, 25.51, 25.8d,

29.5q, 29.7d, 30.0q, 30.4q, 30.8q, 31.6d, 31.6q, 33.8q, 34.91(CH2S), 35.61(Ala8£C), 35.9d, 36.51(2x),

37.81, 39.0q, 39.91, 41.51, 48.9d, 49.0d, 49.2d, 49.51, 50.0d (Ala8cxC), 55.5d, 55.6d, 55.7d, 57.8d, 58.3d,
59.4d, 62.lt (CH2OH), 74.5d, 126.3d, 130.7d, 169.6s, 170.1s, 170.3s, 170.4s, 171.2s, 171.6s, 172.2s,
172.3s, 173.8s, 174.1s, 174.3s.

[3-(Methylsulfinyl)-p-Ala8]CyA (4)
To a stirred solution of3 (12.8mg) in MeOH(3 ml) was added a solution of sodium periodate (15mg)

in water (1.5ml). The reaction mixture was stirred at roomtemperature for 3hours and evaporated in
vacuo to remove methanol. EtOAcwas added and the organic phase was washedwith brine, dried
over Na2SO4and evaporated to dryness. The residue was purified by preparative TLC eluting with 5%
methanol in CH2C12 to afford the sulfoxide (12.0mg, 93%). FAB-MSm/z 1,264 (M+H)+ consistent with
molecular formula C^H^N^C^S.Duplicate signals in the *H and 13C NMRspectra are observed due
to (R) and (S) sulfmyl stereoisomeric forms; *H NMR(C6D6) 3 0.66/0.68 (d, /= -6.9 and -6.9Hz,
MVnMe), 1.07/1.08 (d, ,7=6.5 and 6.4Hz, ML6Me), 1.51/1.63 (d,.7=7.2 and 7.3Hz, Ala7Me), 1.73/1.78
(s, SMe), 2.22/2.23 (d, 7=13.8 and -14.0, Sar3aH), 2.60/2.61 (s, ML4NMe), 2.83/2.86 (s, ML10NMe),

2.98/2.985 (s, MVuNMe), 3.07/3.09 (s, Sar3NMe), 3.20/3.22 (s, ML6NMe), 3.29/3.48 (s, ML9NMe),
3.62/3.66 (s, MB^Me), -4.01 (277, d, /= 13.8Hz, Sar3aH), 4.59/4.66 (dq, /= -7 and -7Hz, Ala7aH),
-4.89 (27/, dd,.7=9.0 and 10.0Hz, Val5aH), 5.18/5.19 (d, 7=11.0 and ll.0Hz, MVnaH), 5.69/5.74 (d,
.7=8.9 and 8.3, MB]aH), 5.91/5.92 (dd, /=~5.4, -8.3 and -5.4, -8.3Hz, ML9aH), 7.48/7.49
(d,.7=8.9 and 8.8Hz, Val5NH), 7.74/8.01 (d, /=8.0 and 6.8Hz, Ala8NH), 8.14/8.17 (d,.7=7.1 and 8.3Hz,
Ala7NH), 8.43/8.46 (d,.7=10.0 and 9.8Hz, Abu2NH). 13C NMR (100MHz, C6D6) 3 10.1q (2x),
15.7/15.9q, 17.77/17.87q, 18.1q (2x), 18.5q (2x), 18.82/18.88q, 19.9/20.1q, 19.98q (2x), 21.4q (2x),

21.96/22.04q, 22.5/22.8q, 23.57/23.62q, 23.73/23.77q, 24.3q (2x), 24.5/24.6q, 24.7/25.2d, 25.0d

(2x), 25.3d (2x), 25.3/25.7d, 25.7/25.91, 29.4/29.6q, 29.9/30.1q, 30.1/30.2q, 30.6/30.7q, 30.8q

(2x), 31.4/31.5d, 31.51/31.56q, 33.0/33.3q, 35.1/35.21, 35.4/35.7d, 36.42/36.451, 37.4/37.61, 38.6/39.0q

(CH3SO), 38.86/38.94q, 40.1/40.41, 41.3/41.41, 44.9/45.8d (Ala8aC), 48.9/49.5d, 49.0d (2 x ), 49.01 (2 x ),
49.4d(2x),55.1d(2x),55.4d(2x),55.6d(2x),57.1/57.41(Ala8j8C),57.6d(2x),58.6/58.7d,59.2/59.3d,

73.6/74.0d, 126.18/126.22d, 130.9d (2x), 169.7/169.8s, 169.83s, (2x), 170.3/170.35s, 170.3/170.6s,

170.9/171.0s, 171.3/171.9s, 171.69/171.72s, 172.03/172.07s, 173.46/173.51 s, 173.5/174.0s, 173.9/174.1 s.

[3-(2-Hydroxyethylsulfinyl)-D-Ala8]CyA (6)
This compoundwas prepared from 5 according to the procedure used to synthesize 4. The residue

(25mg) was purified by HPLCon a DuPont Zorbax ODS(0.94 x 25cm) column at 60°C, using a solvent
system of 75 :25 CH3CN-H2Oat a flow rate of 2.65ml/minute. The effluent was monitored at 210nm
collecting fifteen fractions. Fraction seven, Rt 10.9minutes, yielded 5.3mg of 6. FAB-MSm/z 1,294
(M -f-H)+ consistent with molecular formula C64H115N11O14S.Duplicate signals in the *H and 13C NMR
spectra are observed due to (R) and (S) sulfinyl stereoisomeric forms. *H NMR(C6D6) S 0.65/0.66 (d,
.7=6.5 and 6.5Hz, MVnMe), 1.06/1.08 (d, /= -6.2 and -6.2Hz, ML6Me), 1.55/1.65 (d,.7=7.2 and
7.3Hz, Ala7Me), 2.17/2.19 (d,.7=13.8 and 13.8Hz, Sar3aH), 2.57/2.59 (s, ML4NMe), 2.83/2.84 (s,
ML10NMe), 2.96/2.98 (s, MVnNMe), 3.04/3.07 (s, Sar3NMe), 3.176/3.181 (s, ML6NMe), 3.23/3.32 (s,

ML9NMe), 3.64/3.68 (s, MB'NMe), 3.97/3.98 (d,.7= 13.8 and 13.8Hz, Sar3aH), 4.62/4.67 (dq, J= -7.1
and -7.0Hz, Ala7aH), -5.10 (27/, dt, J=9.6 and -7.1 Hz, Abu2aH), 5.19/5.23 (d, /=11.0 and ll.0Hz,
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MV1^H), 5.30/5.33 (dd,J=6.0, 8.5 and4.7, 8.3Hz, ML10aH), 5.42/5.46(dd, /=5.3, 10.2 and 5.8, 10.7Hz,
ML6aH), 5.70/5.74 (d, J=8.4 and 7.7Hz, MB^H), 7.480/7.485 (d, /=8.7 and 8.8Hz, Val5NH), 7.69/7.98
(d, 7=7.7 and 8.3Hz, Ala8aH), 8.12/8.15 (d, J=1A and 7.0Hz, Ala7NH), 8.26/8.40 (d, 9.9 and 8.4Hz,

Abu2NH).

Results and Discussion

Kessler et al17'18) have studied the solution structure of CyA by *H NMRat 300MHzin CDC13
and C6D6which they recently confirmed by more extensive 2D-NOEwork at 600 MHzand with molecular
dynamics calculations22). With the exception of some flexibility in the Abu2 and MeBmt1side chains, their
results indicate a fairly rigid backbone and fixed conformations of most side chains. The backbone
conformation deviates only slightly from that in the crystal structure. Comparison of the XHand 13C
chemical shift and ^^H coupling constant data of CyA and the methanethiol adduct 3 (see Table 1),
strongly suggested a rigid backbone and similar conformations for the two compounds. Moreover, the

pattern of positive NOEcross peaks of the contour plots and corresponding intensities from the pure
absorptive mode2D-NOEexperiments were almost identical for the two compounds. The only ds-peptide
bond between MeLeu9 and MeLeu10 is preserved in 3 as evidenced by the strong NOEbetween the
respective a-protons, as well as the Jww-conformation of all other amide bonds as indicated by the NOE's
involving the TV-methyl (strong) or N-H protons (weak to medium) and the a-proton of the preceding
residue. In particular, the strong NOEfrom the a hydrogen ofD-Ala8 to the TV-methyl of MeLeu9 provided
corroboration for the D-configuration ofAla8 in CyA,which was established on the basis of total synthesis23)
and X-ray crystallography18). The comparable strong NOEin 3, other NOE's involving Ala8 protons of
both CyA and 3 [Ala8aH-Ala8j3H (s), Ala8ocH-Ala8SMe (w), Ala8NH-Ala7ocH (w), Ala8£H (w)], as
well as the almost identical 3/aH,NHvalues (Table 1), therefore strongly supports the D-configuration of
the MeSAla8residue in 3. By extension we have assigned a D-configuration to the other biologically active
alkylthiol adducts described in this paper.

The ability of our new 8-position modified cyclosporins to inhibit lymphocyte proliferation is

summarized in Table 2. The dehydro analog 2 retained modest activity as did the ester 7, however, the
sulfoxides 4 and 6 have little or no activity at the
dose level tested. In contrast, analogs substituted Table 2. Inhibition of T cell proliferation in vitro by

by fluorine (1), methanethiol (3) and jS-hydroxyeth-
anethiol groups (5) were nearly as active as CyA

itself.

Compounds3 and 4 were tested in the in vivo
T cell activation assay described in the Materials
and Methods section. CyAtypically produces ED50
values ranging from 5 to lOmg/kg. Compound 3
had an ED50 of9.6mg/kg, which is similar to CyA
itself. Compound 4, however, demonstrated very

little in vivo activity (a maximumof 28% inhibition
at 28mg/kg).

In summary several novel biologically active

cyclosporin analogs have been prepared from a

CyA analogs.

Compound
1

2

3

4

5

6

7

Suppressive activitya'b
(% ofCyA)

80.7
30
85.4

5.6
80.8

N.A.
32.0

Assay procedure described in Materials and Methods.
CyA control was run in parallel within the same
experiment. The relative suppressive activity was

calculated from the ratio of IC50 between CyA and
the test compound. Each value is the mean from 2 ~4

independent experiments.

No activity when tested up to 2mg/ml.
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position 8 dehydroalanine analog of CyA. The in vivo properties of the methylthio analog 3 are be-
ing investigated further.
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