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Ab&wct-l%c sign of the Cotton effects near 320 and 100~1 in the CD spectra of the N-2,4dinitropha1yl 
dcrivativa of cbinll l-alkyl-2-propyoylaminu and l-ldkyl-2.propcay~s correlata with tkii absolute 
~m.TbeCo#oodiectsaregRmatedbytbecollpkdoscillatormethanismaadtheirsienistbesameas 
t& chinaMy (ri&hdcd screw for positive chhlity) of the intcracfion of he dominant oscillators of the 
2,4dinitro~bcn~&mino chromophon with that of t&c amine moiety, tbc cbhlity of the interaction beiq deduced 
by confork&.&l analysis. . 

2,4.DinitrotIuorobene is known to react readily 
with amino acids to give coloured crystalline derivatives 
with high specillc rotation.’ In methanol solution the 
DNP (= 2,4dkitrophenyl) derivatives of amino acids 
exhibit an absorption band centered around 350 run and a 
shoulder in the 4OOnm region..’ The CD spectra of the 
DNP derivatives of aromatic amino acids show in 
methanol a characteristic pattern of two bands above 
300 run. The sign of the longer wavelength Cotton effect 
correlates with the absolute conflguratin of the aromatic 
amino acid (the DNP aromatic rule).3 Although DNP 
derivatives of aliphatic ~-amino acids display very weak 
Cotton effects their acylanilidcs exhibit CD spectra with 
a strong Cotton effect near 4OOnm, the sign of which is 
determined by the absolute con@uration at the UC 
atom.’ Recently, the DNP aromatic rule has been 
extended to include a wide variety of chiral amines all 
containing aromatic groups.’ However, the application of 
the rule to aliphatic compounds has not been successful.’ 

In a recent publication, the synthesis of some chiral 
1-alkyl-2-propenylamines and the determination of their 
absolute con@ration is described.6 Our continuing in. 
terest in the chiro~tical properties of alkyl-substituted 
2-propynyh~mines~ and the availabiity of the above 
I-alkyl-2.propenylamines prompted us to synthesixe the 
DNPderivatives of some of these amines (Table 1, l& 
and 2a-c) and to examine their electronic absorption 
(IX) and CD spectra in both methanol and cyclohexane 
solution. Previous CD studks on DNPderivatives have 
been restricted to methanol solution, presumably 
because strongly polar solvents are normally nquired to 
dissolve DNP amino acids. In the present study the DNP 
derivatives of two saturated amines (Table 1,&b) have 
also been included. 

E?ecrrunic a6sorprion qhrcrm. The electronic absorp 
tion spectra (Table 1) of the DNP derivatives of the 
1-alkyl-2.propynylamines (la-d), of the I-alkyl-2-pro- 
penylamines (2a-c) and of the saturated amines (3rd) in 
methanolexhiiashoulderinthe4tMnmregknandan 
absorption maximum at 342-353 run, designated as bands 
I and II, respectively. 

I.ncyclobexane,band1appearsasabroadbutdistinct 
maximum at 381-404nrn due mainly to a substantial 

hypsochromic shift relative to methanol solution of band 
II, whose maximum appears at 325-335 ML 

Bands I and II are most probably intramolecular 
charge-transfer (CT) bands due to electronic transitions 
accompanied by a partial electron transfer from the 
amino group to the 2. and dnitro group, respectively.’ 
‘Ihe observed solvent effect is in agreement with such an 
assignment. 

Circvlar dichmism spcctm. The DNP derivatives 
show CD spectra with multiple Cotton effects (Table 1). 

Since the Cotton effects arise from strong absorption 
bands, and since there are other strongly absorbing 
groups present in the molecules, it can be assumed that 
the rotatory strength is developed primarily from the 
dipomk coupling mechanism.9 ‘Itms in the l-alkyl- 
2-propynylamine (la-d) and I-alkyl-2-propenylamine 
derivatives @a-c) the dominant contribution to the di- 
chroic absorption of bands I and II arise from the 
interaction of the 2.4dinitrophenylamino chromophore 
with the lowest energy ‘R -9 g+ transition of the ethynyl 
(‘A,, tlA1, of acetylene at co 152nm’@) and the 
ethenyl group [‘B,,. +‘A,, (N-V) of ethylene at co 
175nm’q. both red shifted by alkyl substitution. The 
ekctric transition moments of these transitions are 
d&ted along the multiple bond.” In the in- 
tramolecularly H-lXMkd 2,4dinitrophenylamino 
chromophore the transition moments of band I (r,) and 
bandII(p3aredirectedasshownin4.2Thechiralityof 
ccl and p2 with the triple and double bond in the l-alkyl- 
2-propynylamine and l-alkyl-2-propenylamine deriva- 
tives, mspectively, which determines the sign of the 
Cotton effects assockted with bands I and II, depends on 
both the absolute configuration and the preferred con- 
formation of the respective derivatives. 
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Tabk 1. Iikctronic absorption and circular dkhroism data for the N-2,Mhnyl derivatives of some chiral 
8UlilU.S 
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‘H NMR data for the DNP derivatives are summarizad 
in Table 2 which also contains data for the DNP deriva- 
tive of lcthyl-1-methylpropylamine (3c) included for 
comparison purposes. In the I-alkyl-2propynylamine 
derivatives (1~0, especially in @-ld, the H-6 proton 
doublet (and to some extent the H-5 split doublet) is 
shii downfield compared to its position in the cor- 
responding saturated amine derivatives [(R4a vs (R)3a, 
(S)_lc vs (&3b and (I&ld vs 3~1. On the other hand, in 
the I-alkyl-2-propenyhunine derivatives and theii 
saturated counterparts the chemical shifts of the H-5 and 
H-6 protons correspond closely [(p)-2a vs (pi-3a and 
(84 vs 3c]. Purthermore, the relatively constant posi- 
tion of the H-3 proton doublet within the whole series of 
compounds contrasted with the substantial effect on the 
chemical shift of the H-6 proton on intrcducing two alkyl 
groups at the chirai centre [(Rkld vs (Rklb, (&2c vs 
(&2b and 3c vs (R~UJ] suggests that the resonance 
position of the H-6 proton is affected primarily through 
steric and/or magnetic anisotropy effects from the sub 
stituents at the chiral centre and that differences in 
electronic effects of delocalisation of the nitrogen lone 
pair electrons are of minor importance. Thus it is 
reasonable to assume that in the preferred conformations 
of the I-alkyl-2-propynylamine and 1-alkyl-2-propenyl- 
amine derivatives, the ethynyl group is close enough to 

the aromatic ring to exert a mag&ic anisotropy effect on 
the Hb proton whereas the ethenyl group is not. 

In view of the extremely low steric requirements of 
theHatomatthechiralcentreandthedeshieldingeffect 
of the ethynyl group on the aromatic H-6 proton, the 
preferred conformation for the intramok~uhuly H-bon- 
ded ~~N-2,4dinitropbeny~l~-2-pr0pyny 
may be depicted as (R4. 

The chhality (right-handed screw for positive chirality) 
of the transition moment of band I of the chromophore 

Table 2. Proton magnetic nxonance data for the N-2Jdinitmpknyl daivativcs of some chhal amines 

Il-2,4-m- 

nitrophenyl 

derivative E-s 

@I -l_a 9.10 6.33 7.15 

(RI-@ 9.10 8.33 7.16 4.33 

QJ-ls 9.08 8.30 7.14 4.36 

(RI-&I 9.14 8.30 7.70 

@I-+ 9.11 6.25 6.97 4.35 

cg -2J 9.09 8.23 6.97 4.11 

@I-+,$ 9.13 8.18 7.20 

@I-* 9.11 8.25 6.98 3.80 

@g-3& 9.12 6.25 6.99 3.70 

3c 9.13 8.20 7.18 

c Chanical shift d&field from Me481 = 0, solvent CDC13 

a Doublet g = 2.5 Sr 2 Split doublet Jr = 9.5 Et, J2 = 2.5 Hz 

a Doublet J = 9.5 HZ g m1tip1et 
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(PI) aad that of the ethynyl group as shown in @4 is 
negative and t&e DNP derivatives @-la (Fii 1) and 
(&lb show negative Cotton effects for band I in both 
methanol and cyclohexaat soluth The derivative ($)- 
lc, with the cnan~meric ~0, displays a posi- 
tive Cotton effect. Since an Et group is larger in effective 
bulksizcthnaMegroupthcderivativc(R~~dshould 
hWCflpldCKdC5llf~tiO~~tO~,thCMC 

andEtgroupsreplaciqthcHatomandtbcRgroup, 
respectively. However, the relatively large down&id 
shift of the aromatic H-4 proton of this derivative (TabIe 
2) suggests a small rotation about tbc chiral C-N bond as 
CompBnd to W-5, forcias u@ etbyaY1 RIoup towards 
andthcMegroupawayfromthearomaticr&.The~ 
clhlity of the two tram&on moments in this coo- 
formation is negative and the dichroic absorption of baod 
I is negative. The r&bzed molecular elliptic&y for this 
~~~~exp~on~~ofa~u~ 
preference for the ~~0~~ of Iowest energy since the 
diiTerencc in size between a Me and an Et group is 
smallerthanthtbetweenaHatomandanalky~group 
and/or a reduced dihedral an& bctwcco the two tran- 
sition moments compand to (J$)-5. 

The interpretation of the Cottoa effects associated 
with the 1~1-2-p~~ny~ derivatives (2a-c) is 
complicated by the greater conformational mobility of 
these compounds as compared to the I-alkyl-2-pro- 
pynyhminc dcrivativcs, since tbc six of a Me and an Et 
groupisclosertothatofancthenylgroupthantoaa 
cthynyl one. Moreover, since a symmetry axis for the 
ethyl group is absent, tbe direction of the transition 
moment for its lowest energy 1154 transition will 
depend on the preferred adoption about the 
attachment bond of the group. 

The three conformers of lowest energy for a @)-N-2,4- 
diaitropbeoyl+alkyl-2-propeoyIamiae are depicted as 
orce. 

R H 

~~~of~y~~~~~ 
in&amcc of the etheayl group 00 the aromatic H-6 
proton would iodkatc that @)-6a is kss favourcd, its 
occum%ccannotbcfldlyexcluded.~~issimilarto 
the conformatko dahcd for DNP derivathes of 
d~aadaminoacidsPIbeCOllfO~laat 

preference about the cthcoYl geup attachment bond in 
6r-c is illustrated ill (l&7. PrcferT& ~~0~~ 

+20 

+* I +n 

+I2 

+6 

I2 * +4 
J 

+2 

0, 

-2 

amlOgOus to al-7 was proposed for N-salicylideoef- 

H 

In tbe intramokcuhriy H-bonded N-2,4diaitropbeayl- 
f-alkyl-2-pfupcnylamincs, the sign of the Cottoa effect 
asso&tcdwithbandIisdctcrmincdbytbechhlityof 
the doubk bond with the attachment bond of the 2,4- 
acne chroatophore, since the transition 
moment of baml I of the chromf@ore is approximately 
parallel to the chromophore event bond. Tllc 
orkatatioxl of the chromopllore about its attachmeot 
bond will have little effect on the strcngtb of CD maxi- 
mumassochtcdwithbandI.ThcchMityofthenkvant 
bonds as shown in @7 is negative sod the DNP 
derivative @)-2a (I$. 2) exhibii a negative Cotton 
e&t for band I. A positive Cotton effect is obsmved for 
(!$-a. The hrivative @-2c should have a preferred 
conformatka similar to W-7, the Me amf Et groups 
replaciqj tbc H atom and tbc R group, rcspcctivcly. The 
rcduccd mok-cular euipticii ill methanol and tbe ab- 
sellW of ally obscr&k Cotton c&t in cyclohanc for 
~iof~~~e~~~p~rn~b~~e 
~y~for~~~of~lof~~l~ 

~CO~~~~~~~IOf~ 
satorated amine dcrivativc!h @)-3a and @-3b* axW also 
most likely generaM by tbe coupled oscillator 
me6~“‘2 SincethcpolahbilityofaC-Hbondis 
negligiik compar4 witb that of a C-C bond,12 only the 
C-C bond vi&al to the chromophore attachment bond 
~~~~~~~~~~k~~n~ 
t&c &omop&oric glW!p of a)-3a. of the two toll- 
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farmers of lowest energy, @)-8a and @j-JSb, ow&lg to 
rotation about the Et group attachment bond, only (R)- 
8bwithncgativechhlityoftherekvantbondsishn- 
portant for dkhroic absorption, and the observed Cotton 
e&t is negative. The derhtive a)-3b, having two CA! 
bonds vihnal to tbe chromophore attachment bond, also 
displays a negative Cotton elfect for band I, but because 
of its many ~~0~~ possibili&s no statement 
concerniagthecbiral.ityoftlK!relevantbondscaabe 
made. 

H H 

vo-fh (wb 

Tbe dkectiott of the transition moment p2 of band II 
ofthec~~asshowllin4duesBotdeviate 
greatly from the pbenyl groupamine nitrogen bond. For 
an inhamol~y N-bonded (PJ-N-2,4dinhopheoyl-l- 
alkyl-2-prop_yoylamine of tbe conforma+ shown in 
~&-&Wbes+uoftbeca@o+ctasscGatedwithbaad 

~by~c~of~p~yl~~ 
~~~~~~C~~yl~~~ 
bond. The DNP derivatives (R)-la (pi l), (&lb and 
@)-la, having positive chin& of the rckvant bonds, 
display positive Cotton ehts for band IL On the other 
hand, the derivative (s)_lc exhibits a oegative Cotton 
effect.Tbedit?erenceintheposi&mofbandIIintheEA 
and CD spectra, most pronounced in methanol solution 
flable 1). can be expkiaed by band overlap with tlh 
oppositely signed Cotton e&t of band 1. Accordi&y, 
in cyclobexane, where the d&ok absorption of band II 
isgreatly~thebandisclosertoitspositionin 
tbCEASpOCtIWL 

In the 1~1-2~~~ny~c derivatives, the chiral- 
ity of the phenyl groupamine nitrogen bond and the 
double bond determhs the sign of the Cotton effect 
displayed by baod II. For a given absolute con6guration, 
the clhality of the bonds depends on the preferred 
conformation about the attachment bond of both tbc 
cluomophore and the ethyl group. Taking the prefer- 
red conformation as shown in @-6b or @Hk and 
and (R)-7, the chirality of the relevant bonds of 
the de&ah @-2a is positive and the observed Cotton 
effect is positive @ii. 2). (*2b exhibits a negative 
Cotton effect. The remarkable decrease in elliptic&y for 
baud II of the l-alkyl-2-propenylamine derivatives as 
compared to the l-~yl-2-p~p~y~ derivatives is 
due primarily to the much greater cooformational mobil- 
ityoftheformerandtothereduceddiWralan$e 
between tbe effective transition moments. 

For the derivatives @-3a and @-3b the sign of the 
Cotton effect assockted with band II depends on the 
cl&ality of the pbenyl group-amine nitrogen bond and 
theC-Cbomisattachcdtothec~centre.ofthetwo 
conformers of lowest energy, @Ha and @Mb, owing 
to rotation about the chromopbore attachment bond of 
(&3a, the latter, having two CC bonds symmetrically 
dispose4i about the chromophore, is rotationally less 
important. The cbhlity of the relevant bonds in @-9a 
is negative and (I&3a displays a negative Cotton effect 
also for band II. The derivative @3b should have a 
preferred conformation analogous to @-!h and thus no 
Cotton effect for band II is observed. 

\ \bNP 
DNP H 

WI-* m-9b 

The spcctml region below 3Ulnm is rather complex 
WithSCVCdlW.Xh2 and ~houkkS. in tbc CD spectra of 
tbe l-alkyl-2-propyIlylamine (lad) and I-alkyl-2-pro- 
penylamine (Ifr-e) derivatives distinct maxima are 
observed at 265 and 225 nm both more intense in cyclo- 
bexane than in methanol. 

~e~~~~for~~~~~~ 
agreement with what has been found for the 4OOnm 
Cotton e&t of aromatic amino acids? Thus the DNP 
aromatic rule’ can be extended to include derivatives of 
chiral amines cootaihg no alWnatic group. 

~~~~~~D~w~~~a 
Mm tube titb 8 Pcrkia-Elmer 141 sp&%tmpo~. Ekc- 
tnmicabso@m(JL4)spcctmwercobtaimdwithaZ&sSpek- 
tnifotomtcr pm QII. CD spectra were rucohd on a Jam J-41 
spcm&hmatWwithccllI~of1and2mm.‘H 
NMRqectraweremxmlcdwitbaPcrkin-EtmerR12Rspec- 
trometeat3T.EhmtalanatymweredoncattbcMicro- 
c W* Royal lsorinthrirpl co&c. uppssia 

N-2MXnimphe~ dehatim were prepami t%nn the rcs- 
pectiva amhm~‘r’s (l.Ommoi) by stiniug with 2,4- . . 
~(1.2mmol)inthprc8amofa8ligbtsxcm 
ofN~C4f~24hrin5096EtOH.Tbs~~wpa~nnd 
t!e8olidweswarbedwithEtoH-watmandfcclystanizut.rn 
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Table 3. Physical and analytical data for the N-2,Qdinitrophcnyl derivatives of some chind amines 

N-2,4-M- n.p. Oc Rsryst. [al,ZZ deg. 
Elemm~analyam 

d-1 mld cc ethaml) cxlc. PDlad 
dexivat.i~ 

C H N C tl N 

@l-g 122-123 Fium + 64.1 (0.8) 51.1 3.9 17.9 51.0 3.9 17.7 

@I-+ 70-79 --%0 + 85.8 (1.2) 53.0 4.5 16.9 52.9 4.5 16.7 

@I-g 5+6a - 66.5 (0.7) 54.0 5.0 16.0 54.6 4.9 15.7 

uu-!A! 99-ICO =+F?O + 3.9 (1.1) 54.0 5.0 16.0 54.8 4.9 15.7 

@l-g 52-53 =20-P -146 (1.0) 50.6 4.7 17.7 50.3 4.6 17.4 

@I-B 42-43 P +l.le (1.1) 52.6 5.2 16.7 52.9 5.3 16.7 

uu-% lm.5-109.5 -0 - 22.5 (0.5) 54.3 5.7 15.8 54.2 5.0 l5.8 

uu-* 54-55 %2&P - 69.4 (0.9) 50.2 5.5 17.6 50.1 5.3 17.3 

uu-% 28.5-29.5 P - 22.5 (0.5) 53.9 6.4 15.7 53.7 6.2 15.5 

% 86-87 ==%?O 53.9 6.4 15.7 53.7 6.6 15.7 

d P-pt-&htX 

cases WlJa tll’? d4wivative formed an oil the EtoH was 
CWipO&diBOUCSOaadthemiXtUlCCxtrPctedWithetberWhich 
~asevaporatul.lt1~m~~astrcatul~ith2N~~~ 
torc!moveexcuaof2&diuhfho&a&a * * 
ctbcrandevsporationyicldedrwlidwhichwaa~. 
Phyaicai and analytical data for the derhtivcs arc given in Table 
3. 

Achowfk&mau-Tida work was supporkd by the SwaJis& 
Academy of Pbanwmtical sdeacea (the C. D. Carlsson Form- 
d&h). 
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