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Abstract - Photolysis of a-amino-acid or peptide esters derived
from N-hydroxy-2-thiopyridone in the presence of t-butylthiol
affords the expected decarboxylation products in good yield.
The reaction can bm applied to the a-carboxyl or to tha side
chain carboxyl of glutamic and aspartic scids and thus permits
the preparation of a number of useful synthons. Photolysis of
side chain esters in the presence of a suitable halogen atom
transfer reagent gives halides often in good yield and, espe-
cially in the case of aspartic acid derivatives, wvithout race-
misation.

Thiohydroxamic esters (mixed anhydrides) are an excellent source of disciplined ndicnlo.l'z They
also serve equally well for the gensration of aminyl and aminium radicals, of which the latter
are of considerable synthetic 1ntorott.3

Now that the first inventive phase of this work has been nearly completed, we can give more
attention to the application to synthesis, especially of Natural Products. For example, we have
recently described a simple synthesis of the 25-hydroxy-cholesterol side chain starting with an
appropriate bile actd.l'

This kind of radical cheaistry is well suited to the manipulation of amino-acids and
peptides. When the centre of asymmetry is not converted to a radical, its stereochemical
integrity is preserved completely. In a recent lruclcs we have given a number of examples. Other
cases in point are our synthesis of L.-vinylg].ycim6 and the short routes to L-selenomathionine
and L-ul.nocystlno.7

However, our first investigation in peptide chemistry was a study of the decarboxylation of
a-apino-acids, which was extended to manipulation of side chain carboxyl groups. A prelisinary
communication has already lpp“l’.d.a

For the work with amino-acids and peptides a convenient procedure for a-decarboxylation was
as follows. The amino-acid was N-protected with the t-butyloxycarbonyl (Boc) or the
benzyloxycarbonyl (Z) groups. The protected acid 1 was then reacted at - 15°C in dry
tetrahydrofuran under an inert atmosphere with isobutyl chloroformate in the presencs of
E-mthylmrphollmg (Scheme 1).

+ Present address : Departsent of Chemistry, Texas A & M University,
College Station, Texas 77843, U.S.A.
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R - COH + iso - Bu 0-COC1 ---> R-CO-0-CO-0- is0 - Bu

After 5 minutes, the mixed anhydride 2 wvas treated at the same tesperature with N-hydroxy-2-
thiopyridone with addition of the appropriste amount of triethylamine. After one hour at - 15°C
the formation of the ester was complete. The precipitated N-methylmorpholine hydrochloride was
filtered off and the filtrate was irradiated with two 100 watt tungsten lamps at room temperature
after addition of the appropriate radical yielding reagent.

Exactly the same procedure could be applied to side chain carboxyl groups derived froa
aspartic and glutamic acids. In this case, of course, the a-carboxyl had to be protected by one
of the standard groups.

Irradiation in the presence of t-butyl thiol afforded in each case the euxpocun‘ll decar-
boxylated products mostly in good yield. Yields of isolated products are reported with the
formulae.

The side chain decarboxylations of 4 and 6 provide simple syntheses of optically active
a-aninobutyric acid, which could be in either configuration. Similarly the decarboxylation of 8
provides alanine. This could be a preparation of D-alanine.

The a-decarboxylation of 10, 12 and 14 proceeds in good yield. Clearly provided one can get
labelled t-butyl thiol the synthesis of 15 could be a source of labelled GABA. The case of
threonine is interesting, since the change from 16 to 17 gives an optically active synthon,
which could be easily modified on nitrogen.

The a-decarboxylation of 18 and 20 affords good yields. It i{s of interest that the hydroxyl
groups in 16 and 20 did not need protection, whilst the arginine side chain in 18 wvas well
protected by just a nitro group.

With compounds 22 and 24 we returned sgain to side chain decarboxylation. Next we examined
derivatives of tryptophan and of S5-hydroxytryptophan. Derivative 26 was a-decarboxylated in
excellent yield without any interference from the indole nucleus. Derivative 28 gave a lower
yield of decarboxylated product 29 and there may have been some complication from the nucleo-
philicity of the phenolic hydroxyl.

In the case of proline derivative 30 the yield of 31 was excellent. The more interesting
example wvas the 4-hydroxyproline 32, vhich gave 33 in 69X yteld, with only marginal interference
from the unprotected hydroxyl group. The compound 33 is another optically active synthon. Its
enantiomer was recently prepared from pyroglutamic acldlo (m.p. 60-62°C, [a]D + 22° in CBC13) and

from malic ucid“ (m.p. 60-61°C, [a]D + 13° in CHC13). Our specimen had m.p. 58°C with [a)D - 30°

in MeOH. N-Protected hydroxyproline can also be decarboxylated electrochaicallylz.
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X x
| I
X
A, i,
NH2 | [
HO Boc NE - CH - CO,Bel Z NH - CH -CO,R
U X = CopM 43 X = COMH 45 X = CO.H, R = Bel
35 X =H (96X from 34) A4 X = Br (60%) A6 X = Br, R = Bzl (60%)
S4 X = S(2)Py (65%) $3 X = S(2)Py, R = Bel (74%)

The reduction of the tyrosine derivative 34 gave an excellent yield of 35 without inter-
ference from the phenolic hydroxyl. The failure of a number of reasonably nucleophilic groups to
interfere in the formstion of esters of type 3 is a reflection of the great nucleophilicity of
N-hydroxy-2-thiopyridone. Other methods are, of courss, available for the decarboxylation of
simple nino-cetd-” although the process here reported involving disciplined radicals is
probably the mildest. Thers is, to our knowledge, no mild procedure for the decarboxylation of
polypeptides. We were able to show that both side chain decarboxylation of 36 and a-decar-

boxylation of 38 to give 37 and 39 respectively proceeded in excellent yield.

ootin2 le-x Tmaz Tuzsn.
(cl;z)2 T2 <|:n2 cl:a2

Boc NH - CH - CO - NH - CH - CO,Bzl Boc NE - CH - CO - NH - CH - X
36 X = COH 38 X = COH

37 X = B (74X froe 36) 39 X = H (83X from 38)
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The addition of a halogen transfer reagent to our radical generating systes permits the
Hunsdiecker-Borodin reaction to be carried out under neutral conditions. The non-electrophilic
naturs of the esters 3 is utvnnu.ms,“ especially for electron rich, sensitive moleculss.
Similar considerations apply in amino-acid chemistry (Table 1). From the acid 4, after conversion
into the derivative of type 3, and photolysis in the presence of bromotrichloromethane the
broomo-compound 40 was obtained in 82X vield.

Purther of our results are summarised in Tadble I. In preliminary thermsl sxperimants the use
of carbon tetrachloride gave the chloride 41, whilst fodoform furnisked the {odo-derivative
A2,

Table I
Starting material Product Yield Isolated (X)
L} 40. 82
4 41 43
4 Ve 49
43 LY . 60
AS o 60
6 47 64
24 A8 47
A9 S0 77
8 51 69
() thermolysis

The sspartic acid derivative 43 gave the bromide 44, without any elimination, as did deri-
vative 45, which afforded bromide 46. In the glutamic acid series again, ths derivativs 6 gave
the bromide 47. Anothar glutamic acid derivative 24 furnished bromide 48. Again the glutamic acid
derivative 49 gave the bromide 50 in good (772} yield. Tams recently repor:odls a yleld of 842 of
the same crystalline bromide 50 which was an intermediate in an elegant synthesis of l-amino-
cyclopropane-1-carboxylic acid. Pinally, in the aspartic acid series 8 afforded 51 in good yield.

In the sbsence of a radical trap, esters of type 3 rearrange with loss of carbon dioxide to
give S(2)-Pyridyl derivatives. These derivatives lend themselves to further useful chemical
manipulations. As expected then, several typical examples illustrated that the side chain
carboxyl function could be conveniently modified in the same way (Table II).

Table II1
Starting Material Product Yield Isolated (%)
43 54 65
4 52 48
AS 53 74

From these preliminary studies it i{s clear that disciplined radicals have the potentisl to
play a major role in the modification of amino-acids and peptide molecules.

The avatlability of the sodium salt of N-hydroxy-2-thiopyridine as a 40X aqueous solution
from the Olin corporation provides an inexpensive source of N-hydroxy-2-thiopyridona (acidi-

fication with concentrated HCl) and permits large scale vork.“'ls
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EXPERIMENTAL

For genersl Sxperimental see our previous papers on peptide ch-utry.s'6'7 All rotations .
were taken in MeOH unless specified to the contrary. In all experiments herein reported, only
L-amino-acids vers used as starting materials.

Syothesjs of Rsters 3.-

Into a three necked flask equipped with a thermometer, was added (undsr nitrogen or argon)
N-methylmorpholine (] mmol, 0.11 ml) and isobutyl chloroformsts (1 mmol, 0.14 ml) at - 15°C to a
solution of the suitably protected amino-acid (1 mmol) in dry tetrahydrofuran (5 ml). After S~
min. at - 15°C, a solution of N-hydroxy-2-thiopyridone (1.2 smol, 152 mg) and of triethylamine
(1.2 mmol, 0.17 ml) in dry tetrshydrofuran (3 ml) was added. The mixture was stirred at - 15°C
under nitrogen or argon, sheltered from the light (aluminium foil), during about one hour. The
required ester formation can be followed by t.l.c. (yellow spot-ethylacetate-hexane (1:1)). The
precipitate of N-msthylmorpholine hydrochloride was filtered and washed with more dry
tetrahydrofuran under aluminium foil protaection.

Reduct{on of Rpters 3.- -

The yellow filtrate was irradiated in presence of t-butyl thiol with two 100 watt tungsten
lamps at room temperature under an inert atmospheare in a water bath until the yellow colour
has disappesred (usually 10-20 mins). The temperature in the flask was close to room temperature.
Ether wvas then added and the ether layer was washed with sodium hydrogen carbonate (0.1 N),
water, dilute hydrochloric acid (0.5 N), water again and then with saturated brine. The product
was then purified on silica gel.

Brominstiog. -

After filtration of N-sethylmorpholine hydrochloride the tetrahydrofuran was removed {in
vacuo at room temperaturs with protection from light (aluminium foil). The residus was taken up
in bromotrichloromethane and irradiated as above. The bdromotrichloromsthane was removed in vacuwo
and the product purified on silica gel.

Chloypiaation and Jodiggtjon.-

After removal of the tetrahydrofuran, CCl, or banzene-iodoform were added and the yellow
solutions were heated. These were only two pnlinlmry experimants and the photochemical method
would surely give better yields.

L 5.~ This vas obtained as an oil (78X). (al, = - 42.0° (e =« 1.2) ;¥ t
1760, 1680 cm ® ; &, : 0.86 (3H, t, J = 7.9 He), 1.39 (9H, ), 1.69 (28, =), 4.09 (18, q, ¥% 7
He), 4.72 (1R, m), 4595 (2H, s), 7.03 (58, s) (Pound : C, 65.58 ; H, 7.91 ; O, 22.10. Calc. for
C 6ly4N0, : C, 65.51 § B, 7.90 ; 0, 21.82).

The L bensyl ester 7.; This (68X) had m.p. 52.0°C (Ether - Bexane). [a] = - 28.0° (c = 1.0)
vV t+ 1770, 1680 ca 3 :+ 0.85 (3H, ¢, J = 8 He), 1.75 (2, =m), 6.& (18, =), $.07 (28, s),
5.”‘(23. e), 5.32 (18, =), 7.27 (10H, s) (Found : C, 69.47 ; H, 6.47 ; N, 4.32 ; 0, 19.78. Calc.

for clqnzluo‘,. : C, 69.70 ; H, 6.47 ; N, 4.28 ; O, 19.55).

The L t_-?_gxl_% 9.- This was obtained as an oil (93%).¥ : 1700 ca”! 3 8. 1 1.35 (38, 4, J
= 7.7 Bz), 1.39 (184, s), 4.08 (18, q, J = 8 Bz), 4.98 (1H™D (Pound : C, 59704 ; H, 9.46 ; O,
26.15. Calc. for C),A, N0, 1 C, 58.75 ; B, 9.45 ; 0, 26.09).

The phenethkylamine derivative 11.- The residus obtained lf}.r the usual wvashings descri in ~
Experimental was deprotected by trifluoroacetic acid (1 cm”) in methylene chloride (1 ca™) at
room temperature for 30 sins. After addition of water, the reaction mixture was extracted with
ether. The aquecus phase vas made alcaline vith a 17X ammonis solution and extracted with ether.
This latter organic phase wvas washed with brine, dried on sodius sulfate, evaporated lown in
vacuo. The oil so obtained (85%) had I.R. and N.N.R. spectra identical with those of an
authentical sample.

!_!__-(_cht%a 13.- This was obtained as an oil (78%).Y : 1750 ca”} : 8, 1 1.40 (98, s),
1.75 (28, ®), 2.05 (38, s), 2.50 (28, t, J = 7 He), 3.20 (26°%§, J = 7 He), 4.20' (18, ®) (Found :
C, 52.55 ; H, 9.33 ; N, 6.82 ; 0, 15.58. Calc. for CgH, NO,S 1 C, 52.30 ; H, 9.26 ; N, 6.56 ; O,
15.70).

The darivgtive 15.- This (93X) had m.p. 64°C (AcOBt - Cyclohexasne) ; V : 1740, 1680 ca l;
°H : 1.35 (94, s), 1.81 (28, m), 2.31 (2H, t, J = 7 Be), 3.00 (28, q, J «*¥Hz), 4.16 (18, =),
4.85 (2H, s), 6.96 (SH, s) (Pound : C, 65.76 ; B, 7.97 ; N, 4.91. Calc. for C u{m :+ C, 65.513
H, 7.90 ; N, 4.78). This preparation was also repeated using anhydrous J&.}:yﬁomldo as

solvent (94X).

1 17,- This was obtained as an oil (87%). [a], = - 15.0° (c = 1.1) 3}y : 3460,
1750, 1700 ca H °H : 1.15 (38, d, J = 6 Hz), 1.45 (9?, s), 3.20 (38, m), 3.90 (mxl). 5.25
(14, m) (Pound : C, 54.88 ; H, 9.78 ; N, 7.66 ; O, 27.54. Cale. for C8H17m3 + C, 54.84 ; H,
9.78 ; N, 7.99 ; 0, 27.39).
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19.- Tbt,l was obtained as a white powder (80%). m.p. 109°C (AeORt) ; ¥ 3
3380, 3300, 3160, 1690 em 1] OE : 1.45 (9H, s), 1.58 (4H, =), 3.23 (4B, m), 4.67 (1B, I).-.f.39
(2B, m), 8.25 (1H, m) (Pound : €, 43.73 ; H, 7.43 ; O, 23.30. Calc. for Cu)azlus()4 t C, 43.62 ;

H, 7.69 ; 0, 23.25).

E_M% 21.- This (791)_1m obtained as white nesdles and had m.p. 61°C (AcOBt -
Cyclohexzane); Y 1 1690 cm - 3 &, t+ 2.90 (1B, s), 3.35 (2H, w), 3.70 (2H, ®»), 5.30 (2H, s),
5.40 (18, mw), 7.”"(5[. s) (Pound : E. 61.29 ; B, 6.67 ; N, 7.31 ; 0, 24.53. Calc. for CIOHlJW:,

C, 61.52 ; H, 6.71 ; N, 7.18 ; 0, 24.59).

The L lactone 23.- Thys (65X) had m.p. 87°C (Ether - Cyclohexane) ; laly = +63.0° (c = 1) ; y

1 1780, 1690 c» H : 1.50 (3W, 4, J = 7 He), 4.12 (1M, q, J =7 He), 4.90 (2H, »), 5.08
- B%s (2H, 2d, J = 7 Be), 7.06 (SH, s) (Pound : C, 61.31 ; H, 5.67 ; O, 27.02 ; Calc. for
Clzﬂl:;ml‘ : C, 61,27 ; H, 5.57 ; 0, 27.21).
The L tons 25.- This was obtained as an oil (78%). [c]D = + 58.0° (c = 0.8) ; VY + 1810,
1720 ca ; 8, 2 0.95 (3H, t, J = 8 He), 2.00 (2H, m), 4.30 (1K, t, J = S Hz), S.W(Zﬂ, s),
5.25-5.52 (2H, 2d, J = 7 Hz), 7.40 (SH, s) (Pound : C, 62.84 ; H, 6.06 ; O, 25.93. Calc. for

c13"15"°4 + C, 62.64 ; H, 6.07 ; 0, 25.68).

The tryptamine dexivative 27.- This was obtained as a yellow nolid_{“!) and had m.p. 85-86°C
AcOEt - Petroleum Bther) ; )V (Nujol) : 3390, 3270, 1710, 1680 ca ; 1 2.92 (28, ¢, J = 8
Hz), 3.50 (2B, q, J = 7 Hs), a7 (18, m), S.12 (24, s), 7.32 (5B, s), 6.7% - 7.75 (SH, =), 8.17

(1H, m) (Pound : C, 73.19 ; H, 6.10 ; N, 9.59 ; O, 10.92. Calc. for clB"lBNZOZ t C, 73.45 ; H,
6.16 ; N, 9.52 ; 0, 10.87).

S- wative 29.- This was obtained as an oil (61%). Y : 1685, 1630,
1580 cm " ; 8, : 1.42 (10H, ), 2.74 (26, t, J = 7 Be), 3.31 (284, q, J = 7 B8y, 4.69 (18, =),
6.62-7.20 (4H, m), 8.17 (1H, =) (FPound : C, 64.93 ; H, 7.28 ; O, 17.41. Calc. for CygHo05N, 1 C,
65.19 ; H, 7.29 ; 0, 17.37).

1iding derivptive 31.- This vas obtained as an oil (81X).Y __ : 1750 ca } ; & : 1.81
%AH, ni. 3.33 zw. ai. S.10 (2H, s), 7.16 (5B, s) (Pound : C, 69.98 ™K, 7.45 ; o0, 15.4%. calc.
for cl2“l$"°2 : C, 70.22 ; H, 7.37 ; 0, 15.59).

&Ym?ml%gﬁ 33.- This (6_?) had @.p. 58°C (AcOEt - Cyclohexane). [a) = - 30.0° (c =

0.5) ;y Nujol) : 3320, 1690 ca 3 8, ¢ 1.38 (98, s), 1.88 (28, =), 3.08 (SH, m), 4.26 (1H,

n) (Foun®*¥ Cc, 57.58 ; H, 8.98 3 N, 7.50. %Alc. for Cwa + C, 87.77 ; H, 9.15 ; N, 7.48). In
un

our preliminary comsunication the rotation of this c was uncorrectly reported to be
- 15°.

The ¢t ivative 35.- This (96X) had m.p. 100°C (Ether - Cyclohexane). ) (Nujol) :
3330, 1690, 1600 co = ; 8, : 2.50 (1H, s), 2.60 (2H, t, J = 6 Hz), 3.23 (28, q, J ="¥% He), 4.62
(1H, m), 4.88 (2H, s), 647 (2H, d, J = 7.9 He), 6.70 (2, d, J = 7.9 He), 6.93 (5H, s) (Found :
C, 70.77 ; H, 6.35 ; 0, 17.96. Calc. for C  H MO, 1 C, 70.83 ; R, 6.32 ; 0 17.69).

The L,L tide deri ve 37.- This (74X) had m.p. 126-127°C (Ag?kt - Cyclohexane) ; [ulD -
S VD (Nujol) : 3500, 3430, 3310, 1780, 1710, 1690 ca = ; & : 0.95 (3H, t,
J =8 Re), 1.65 P8R, o), 2.1 (28, m), 2.40 (4H, m), 4.30 (1H, m), 4.65 1H, m), 5.25 (2H, ),

6.00 (18, m), 6.40 (1H, m), 7.40 (SR, 8), 7.70 (28, m). (Pound : C, 59.80 ; H, 7.34 ; O, 22.81.
Calc. for 0211'131!!306 C, 59.84 ; H, 7.41 ; 0 22.78).

The L dipeptide derivatiwe 39.- This (83X) obtained as a white powder had &p. 69-70°C (Ether -
Cyclohexane). [a) = - 28.0° (c = 1.2) ;¥ (Nujol) : 3300, 1680, 1650 cm = ; &, : 0.89 (6H, d,
Je6Ee), 1.39 (86, s), 1.48 (18, w), 1.78*%H, n), 1.98 (38, &), 2.40 (26, t, ) = 8 Re), 3.30

(24, q, J = 7 He), 3.89 (1H, m), 4.90 (1H, m), 6.77 (1H, =) (Pound : C, 56.82 ; H, 9.59 ; N,
8.69; O, 14.98. Calc. for C15830w3s : C, 56.57 ; H, 9.49 ; N, 8.80 ; 0, 15.07).

The L 40.- This (82%) had m.p. 53°C (Pentane). [a]) = - 34.0° (c = 1.0) 4
(Nujol) 1 3370, 1770, 1685 ca & ; : 1.45 (98, ), 2.32 (28, m), 3.40 (24, t, J = 7 Hz), &4™%%
(14, »), 5.10 (1H, w), 5.22 (2#, &), 7.42 (SH, s) (Pound : C, 51.53 ; H, 5.96 ; N, 3.85 ; O,

16.94. Calc. for ch"ZZBtmb : C, 51.62 ; H, 5.96 ; N, 3.76 ; 0, 17.19).

The L %!oro derivative 41.- This _(f:!!) had m.p. 42-43°C (Petroleum Ether). [a] = - 36.2° (c =
.3) : 3400, 1730, 1700 cm ~ ; &8, : 1.42 (9H, s), 2.27 (28, !). 3.59 (}B, t, J =7 He),
W47 (lﬂ.n.’, 5.15 (1H, m), 5.20 (2H, s), 7.30 (S5H, s) ; m/e : 327 (M ), 227 (M -Boc).

L %m 42.- This (49X) had m.p. 54°C (Pentans). [a), = - 33.0° (¢ = 1.0) ;
(Nujol) : 3300, 176S, 1685 ; &, : 1.40 (9H, s), 2.20 (2B, q, J -Dﬂ He), 3.03 (2B, t, J = 8
, 4.20 (18, =), 5.00 (1H, =), 5!‘20 (28, s), 7.25 (SH, s) (Pound : C, 45.63 ; H, 5.25 ; N, 3.40
Calc. for cl6ﬂ221"°lc : C, 45.83 ; H, 5.29 ; N, 3.34).

The L bromo ester 44.- This (64X) obtained as white ngedles had m.p. 66°C (Ether - Pentane).
(c]D- - 22.0° (¢ = 1.4) ; ) (Nujol) : 1735, 1685 ca i &8, : 1.40 (9H, s), 3.71 (2R, t, J = &
He), 4.71 (1H, =m), S5.20 (ZH,‘?), 5.43 (1H, =), 7.36 (SH, :f’ (FPound : C, S0.47 ; H, 5.62 ; N,
4.09; O, 17.67. Calc. for Clsﬂzoarmé : C, 50.29 ; H, 5.63 ; N, 3.91 ; O, 17.87).

TW L

¢



5486 D. H. R. BARTON ¢t af.

The L m_gf 46.- This (60%) obtained as white nesdles had m.p. 84-85°C (Rther - Pentane).
Tal, = - 18.1° (c = 1.0) ; ¥ (ﬁu;ol) : 1745, 1685 ca = ; 8 : 3.77 (2H, w), 4.81 (18, m), 5.12
(28'? 8}, S5.21 (2H, s), 5.75 !‘fé. m), 7.37 (104, s) (Found :°C, 55.20 ; H, 4.63 ; N, 3.51 ; O,
16.25. Calc. for C) H, BrNO, : C, 55.12 ; H, 4.62 ; N, 3.57 ; 0, 16.32).

The L 47.- This (64X) obtained as a white sand had m.p. 64°C (Ether - Cyclohezane).
Tal, = -7 35.0° (c = 1.0) ; W, (Nujol) : 1740, 1690 cm ' ; &, : 2.45 (28, q, J = 8 He), 3.4 (21,
t, 3 =7 He), 4.57 (18, q. %6 Be), 5.12 (28, s), 5.20 (3h, &), 5.50 (18, m), 7.63 (10M, s)
(Pound : C, 56.00 ; H, 5.12 ; N, 3.16 ; O, 15.51. Calc. for C By,BrNO, : C, 36.17 ;H, 4.96 ; N,
3.45 ; 0, 15.75). 197207

The L ?_A&F A8.- This (73X) obtatned as s vhite solid had m.p. 66°C (Cyclohexans). [aly =
+ 54.0° (c = 0.9) ; ¥ (Nujol) : 1780, 1720, 1500 c@ = ; &, : 2.50 (2H, q. J = 7 Hz), 3.47 (R,
t, J = 8 He), 4.47 (l!,‘xt. J = 6 He), 5.25 (2H, s), 5.32 (ﬁl. d, J =7 He), 5.60 (18, 4, J = 7
He), 7.42 (5H, 8) (Found : C, 47.58 ; B, 4.25 ; N, 4.12 ; 0, 19.76. Calc. for cnn“armA : C,
47.58 ; H, 4.30 ; N, 4.27 ; 0, 19.50).

The L b_tgﬂl_g,_o_r 50.- This (77X) had m.p. 63-64°C (Petroleum Bther). {al, = - 40.8° (c =
IJ_)! DMF) Lit. m.p. 82-84°C and [a], = - 41.2° (c = 0.5, IMF) (Lit. 60'61'& 74 t 1730
e ;& 1 2.2) (28, m), 3.40 (2H, t, J = 6 Hz), 3.74 (3B, s), 4.52 (14, =), 5.14 (28™F), s5.55%
(14, =), 7.39 (SH, s) (Found : C, 47.43 ; H, 4.90. Calc. for Cnﬂmbrm‘ t C, 47.49 ; H, 4.44).

The L t- 1 sster 51.- Thia (69X) had m.p. 64-65°C (Bther - Cyclobexane). [al, = - $.0*
{e= 1.0) 3 ¥ Nujol) + 1720 ca ™ ; & : 1.46 (98, 8), 1.50 (98, »), 3.75 (24, m), 4.57 (1H,
»), 5.32 (18, "8¥ (round : C, 44.50 ; H, 6.91 ; N, 4.15 ; 0, 19.90. Calc. for 01282281'?04 : C,
44.45 ; H, 6.83 ; N, 4.32 ; 0, 19.74).

The L pyridine derivetive 52,- This vas obtained as an oil (48X). laly = - 39.5% (c = 1.0) ;

)Y <t 3360, 1750, 1715 cm ~ ; : 1.45 (9H, s), 2.22 (2B, =) ; 3720 (24, t, J = 8 Hz), 4.45
(lx =), 5.17 {24, s), S5.82 (1N, §), 7.32 (5B, s}, 6.85, B.45 (4H, m) (Found : C, 62.60 ; H, 6.4l
N, 7.21 ; 0, 15.69. Calc. for C21K26N20‘S : C, 62.66 ; H, 6.51 ; N, 6.96 ; 0, 15.90).

L pyridine derivative 53.- This vas obtained as an oil (74X). [aly = - 45.5° (c = 1.4) ;
y t 1740, 1700 cm H : 3.61 (2H, d, J = 7 He), 4.65 (1H, m), 5.06 (2H, s}, 5.11 (28, ),
7.”(168. ») (Pound : C, &.52 ; H, 5.22 ; N, 6.60 ; O, 15.22. Calc. for 623R2ZN204SS : C, 65.36
H, 5.25 ; W, 6.66 ; O, 15.14). .

Tha L b iwe 54.- This (65Z) had m.p. 51-52°C (Pentane). [a]D

: 1750, 1720 cm 8. : 1.40 (5H, s), 3.65 (2H, d, J = 6 He), 4.64 (1H, m), S5.15 (24, s),
.29 (18, =), 7.35 (9H, g) (Pound : C, 62.09 ; H, 6.17 ; N, 7.16 ; 0, 16.42. Calc. for
CZOHZQNZO&S : C, 61.83 ; H, 6.23 ; N, 7.21 ; 0, 16.47).

= - 37.5% (¢ = 1.0} ;
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