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The I'Ot8toIy dispersion curves of a aeriea of N-phth~Oyl-a-8&0 Mi&, 88 well 88 their eaters and amides, have been 
measured. While some difficulty is encountered in determining whether the extrema of the anomalous rotatmy dispersion 
curves are necessarily involved in a Cotton effect aaaociated with the firat phthalimido absorption band, the sign of the 
dkpemion curve can be related to the configuration of the a-asymmetric center. Attention ia called to the spurious rotations 
which may be encountered occasionally with low rotating subatanom near their region of maximal absorption. 

In  a recent investigation4 of the rotatory disper- 
sion behavior of N-nitroso-N-methylamides of 
optically active acids, there were examined several 
N-nitroso derivatives of N-phthaloyl-a-amino acid 
N-methylamides. It was noticed immediately that 
their rotatory dispersion curves differed consider- 
ably from those of other N-nitroso-N-methylamides 
thus pointing towards 8 contribution from the 
N-phthaloyl grouping. As N-phthaloyl-a-amino- 
acids are used extensively in peptide synthesis,6 it 
appeared desirable to study in some detail the 
rotatory dispersion behavior of such derivatives. 
The ultraviolet absorption spectra of N-phthal- 

oyl-aamino acids are characterized by an intense 
maximum (log e cu. 4.6) near 220 mp and a weaker 
one (log e ca. 3.3) a t  292 mp.6 The latter occurs 
within the range of presently available spectro- 
polarimeter~~ and it seemed appropriate to de- 
termine experimentally whetbar this band is 
optically active.* 
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(6) The following amino acid derivatives listed in Table 1 
behaved ditrerently : phthaloyl-chistidine (A:?" 275 
mp), phthaloyl-0-acetyl-tseryi-cphenylalanine methyl es- 
ter (broad maximum centered at  280 m p )  and phthaloyl- 
cthreonyl-cphenylalaine methyl ester (broad maximum 
centered a t  280 mp). 

(7) C. Djerssei, Optical Rotdoty Dispersion: Applications 
to Organic Chemistry, McGraw-Hill, New York, 1960, Chap- 
ter 3. 

(8 )  During the course of our inveatigation there appeared 
a communication by J. H. Brewster and 8. F. Oman, 
J .  Am. Chem. Soc., 82,6764 (1960) in which they report a 
Cotton effect for phthslimides of optically active peubsti- 
tuted a-phenylethylaminea. 

Our experimental results are collected in Table I, 
and a few typical rotatory dispersion curves are 
reproduced in Fig. 1. Inspectioii of this experi- 
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Fig. 1. Optical rotatory dispersion curves (methanol 
solution) of N-phthaloyl-cvaline (I), N-phthaloyl-cphenyl- 
alanine (II), ~-phthaloyl-~-phenylalanyl-cproline methyl 
ester (III), and N-phtha~oyl-LalanyI-tproline (Iv) 

mental material reveals that while in several in- 
stances it is not possible to determine with cer- 
tainty whether the 292 mp absorption band is 
optically active, the over-all Sign of the anomalous 
rotatory dispersion curve can apparently be used 
for stereochemical assignment. It will be noted t.hat 
N-phthaloyl derivatives of L-a-amino acids exhibit 
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TABLE I 
Optical Rotary Dispersion 

Last reliable 
measurement 

N-Phthaloyl Derivative of First extremum Second extremum and concentration 

xrValiinea.c 
kHistidineurd 
bThreonineabe 
GTyrosine a, J 
GGlutamic acid", 
n-Phenylalanineaen (for Irantipode see 

kPhenylalanine-N-methylamide'v I 

IrAlanine-N-methylamideDv3 
kLeucine-N-methylamide") IL 
kAlanyl-lrprolineal 
o-Phenylalan$rl-L-proline methyl 

IrPhenylalanylglycineaP 
IrPhenyldanylglycine ethyl ester"," 
L-Threonyl-kphenylalanine methyl 

O-Acetyl-~~eryl-~-phenylalanine 

L-Valyl-y-tosyl-Irornithine ethyl 

Fig. 1) 

ester"P 

ester"8 

methyl esterave 

esterarm 

[aim + 1280' 

[a1280 - 970' 
- 

[ a l ~ ~  + 69' (infl.) 
[alm - 375' 

Ialm + 728' 

[a]m - 865' 
- 

[alais - 316O (0.10) 
[alslo - lOO'(O.03) 
[a1316 - 416' (0.08) 
[a13w - 1300' (0.03) 
[a]azo - 166' (0.105) 

[alzss + 3200' (0.02) 

[alzm - 2425' (0.02) 
[a1123 - 32' (0.207) 

[a]m - 1360' (0.03) 

[alzm + 1360' (0.02) 
[alaos - 925' (0.06) 
[ m l z ~ o  - 1490' (0.021) 

[alaio - 18" (0.113) 

[altsa + 70" (0.102) 

[CIIJI 0" (0.105) 

[a1312 + 300' (0.10) 

a In methanol. * In dioxane. M. Fling, F. N. Minard and S. W. Fox, J .  Am. Chem. Soc., 69,2466 (1947). B. Helferich 
and H. Boshagen, Chem. Ber., 92,2813 (1959). e J. C. Sheehan, M. Goodman and G. P. Hess, J .  Am. C h m .  SOC., 78, 1367 
(1956). S. Kanao, J .  Pharm. SOC. Japan, 70,155 (1950); Chem. Ah&., 44,5810 (1950). J, H. Billman and W. F. Harting, 
J .  Am.  C h m .  Soc., 70,1473 (1948). " J. C. Sheehm, D. W. Chapman, and R. W. Roth, J .  Am. Chem. SOC., 74,3822 (1952). 
' M.p. 195-197", [ a ] ~  - 133' (c ,  5.2 in chloroform). Anal. Calcd. for C~&L&OZ: C, 70.11; H, 5.23; N, 9.09; 0,15.57. Found: 
C, 69.96; H, 5.20; N, 9.28; 0, 15.81. M.p. 160' dec., [aln -10' (G, 5.3 in chloroform). AmZ. Calcd. for CIZH~ZNZO~: c, 
62.06; H, 5.21; N, 12.06. Found: C, 62.02; N, 5.11; N, 12.34. -31' (c ,  5.16 in chloroform). And. 
Calcd. for C16H,sN103: C, 65.67; H, 6.61; N, 10.21. Found: C, 65.34; H, 6.35; N, 10.23. Unpublished work, J. C. Sheehan 
and G. P. Hem. W. L. Richardson, Ph.D. thesis, M.I.T., 1954. 

Map. 136-137', 

a negative dispersion curvef9 while a positive one is 
associated with the corresponding member of the 
D series. This generalization holds for the free 
carboxylic acid, the N-methylamide and various 
peptide linkages. That only the asymmetric center 
involving the phthalimido function plays the 
governing role-thus making this approach useful 
for stereochemical assignments of terminal amino 
acids in a peptide sequence-is demonstrated in 
Fig. 1 with the rotatory dispersion curve of phth- 
aloyl-D-phenylalanyl-L-proline methyl ester (111). 
While L-proline itself shows10 a strong negative 
rotatory dispersion, the above phthaloyl peptide 
exhibits a strong positive curve as is the case (see 
Table I) with phthaloyl-D-phenylalanine itself. 

Some comments on the experimental difficulties 
encountered in this work appear appropriate, 
especially as they are often not appreciated and 
may apply in part to some recently reported ro- 
tatory dispersion investigations.*." The problem 

(9) This does not necessarily mean that this represents 
a negative Cotton effect. For instance, the irregularities in 
the dispersion curve (Fig. 1) of phthaloyl-L-phenylalanine 
(11) do occur within the region of the phthalimide absorp- 
tion band, but i t  is difficult to decide from an inspection of 
this curve whether this represents a true Cotton effect and 
what sign such a Cotton effect should be attributed. 

(10) See section 15-4 (by J. A. Schellman) in ref. 7. 
(11) G .  G .  Lyle, J. Org. Chem., 25, 1779 (1960). 

to which we are referring is the occasional appear- 
ance of spurious rotatory dispersion extrema near 
the region of maximal absorption (usually in the 
ultraviolet near the final wave length range of the 
instrument) of substances that do not possess very 
large rotations in that region. The combination of 
high dilution, relatively wide slit width, low rota- 
tion, and relatively high absorption can produce 
apparent Cotton effects, which are caused by stray 
light. We have occasionally encountered these even 
with the automatically recording Rudolph spectro- 
polarimeter1a equipped with improved polarizer 
and analyzer prisms. One index is the apparent 
"wandering" of this extremum upon altering the 
concentration, but the best check is to examine the 
"rotatory dispersion" of the corresponding opti- 
cally inactive analog. 

Turning to the specific case a t  hand, we have 
examined phthaloyl-D,L-alanine and found that 
the specific rotation is 0' * 2' to about 300 mb 
but that as one proceeds through the region of 
absorption, false rotations up to 200' (correspond- 

(12) H. Rudolph and R. Bruce, J .  Opt .  SOC., Am., 49, 
1127 (1959). Continuous monitoring of the dynode voltage 
applied to the photomultiplier (RCA 7200) is helpful in 
judging the reliability of the observed rotations. We have 
considered a dynode voltage of 600 volts (photomultiplier 
a t  ambient temperature) as indicative of the limit of reli- 
ability. 
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ing to 0.01’ in actual rotation with a concentration 
of c = 0.02) may be encountered. It is for this 
reason that we have listed in Table I not only the 
positions of the extremaI3 but also what we consider 
to be the last reliable measurement. It will be 
noted that the position of this last significant 
measurement covers quite a range, farther pene- 
tration into the ultraviolet being associated with 
higher rotation. Attention should be drawn to the 
threonine derivatives, which possess rather low 
rotations even jn the experimentally significant 
region. As has been noted by Shellmanlo for threo- 
nine itself, this is probably due to the compen- 
sating effect of the second asymmetric center 
bearing the hydroxyl group. 

We have already shown earlier that the sign of 
the Cotton ei?ect of certain a-amino acid deriva- 
tives such as N-dithio~arbalkoxy~~ and N-thiono- 

(13) I n  our opinion, it is rather difficult to decide at this 
point whether some of the extrema listed in Table I are in 
fact extrema of a Cotton effect or rather turning points 
where a Cotton effect of one sign overcomes the strong 
“background” rotation (for definition see p. 16 of ref. 7) 
of opposite sign. Such turning points are usually flat and 
rounded, yet the first extremum of I11 in Fig. 1, while show- 
ing such a shape, also appears to consist of fine structure 
and may, in fact, contain the first extremum of a positive 
Cotton effect. 

(14) B. Sjoberg, A. Fredga, and C .  Djerassi, J .  Am. Chem. 
Soc., 81,5002 (1959). 

carbalkoxyls analogs can be used for purposes of 
attributing absolute configurations to a-amino 
acids or terminal amino acids in a peptide sequence. 
While these derivatives show true Cotton effects- 
in contrast to the possible ambiguities discussed 
above for phthalimido a-amino acids-the sign of 
the latter’s dispersion curve can apparently be used 
equally effectively for stereochemical assignments. 
The use of N-phthaloyl derivatives has the ad- 
vantage of employing intermediates which are of 
synthetic utility6 rather than involving derivatives14 
which are prepared specifically for rotatory dis- 
persion measurements because of their desirable 
spectral properties. 

 EXPERIMENTAL'^ 

All optical rotatory dispersion measurements were con- 
ducted in methanol or dioxane solution with 0.5- or 0.1-dcm. 
cells and concentrations in the range c, 0.1 (700-310 m d -  
0.02 (below 310 mp) using a Rudolph automatically record- 
ing spectropolarimeter.’, l* The results are summarized in 
Table I. 
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(15) C. Djerassi, K. Undheim, R. C. Sheppard, W. G. 

(16) We are greatly indebted to Mrs. Ruth Records for 
Terry, and B. Sjoberg, Acta. Chem. Scand., in  press. 
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DIrIsoleucine was synthesized from ethyl Zcyano-3-methyl-2pentenoate yia ethyl 2-cyano-3-methylvalerate in two 
ways-Darapsky’s method (4OOCnHs  + -NH2) and the Hofmann method (-CX --+ 4 O N H 2  --f -NH*). 
More isoleucine was found in the crude product made by Darapsky’s method than by the Hofmann method. 

Further, a similar experiment via ethyl Zcyano-3-methylvalerate which was prepared from ethyl cyanoacetate and sec- 
butyl bromide was carried out. In this case, the crude product was richer in isoleucine by the Hofmann method than by 
Darapsky’s. 

Numerous syntheses of DL-isoleucine give allo- 
isoleucine simultaneously. Doyle et a2.I have 
prepared this amino acid by some classical %nd 
newer methods, and have conducted precise bio- 
assays for isoleucine content in the crude products. 
It seems from their results that the stereospecific 
synthesis of DL-isoleucine was not fully accom- 
plished. 

In the present experiment, ethyl 2-cyano-3- 
methyl-2-pentenoate (I), obtained by condensing 

(1) F. P. Doyle, D. 0. Holland, W. Marflitt, J. H. C. 
Nayler, and (Miss) C. M. O’Connor, J .  Chemi Soc., 1719 
1955), 

methyl ethyl ketone with ethyl cyanoacetate, was 
a starting material. If I is a mixture of cis and 
trans isomers (Ia and Ib), ethyl 2-cyano-3-methyl- 
valerate (11) , given by catalytic hydrogenation 
of I, should consist of two racemic diastereoisomers 
(IIa and Ilb). There are two methods to prepare 
an a-amino acid in this case. The first is to make 
the required compound by Darapsky’s method2 
(a modified Curtius’s reaction) which converts the 
ethoxycarbonyl group into an amino group via 
an hydrazinocarbonyl group and the cyano group 

(2) A. Darapsky and D. Hillers, J .  prukt. Chem., 92, 297 
(1915); A, Darapsky, .I, prokt. Chem,, 146, 250 (1936). 


