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B-Push+ ethykncs have been prepared, which in the ground state arc twisted around the doubk bond, 
and tbc barriers for passage thou& a pknar bBnritivn state have been measured with DNMR The influence of 
steric and electronic factors on the rotational bwriers has been invert&a&d. Compouhds have also been prepared 
wbcrc two hiera could be mcaaurcd, one for paswge through the planar Me, and the otbcr for pasaage through 
a 90” twisted stale. 

The potential energy ewe for the rotation around a 
double bond in an okfia can be regarded as the sum of 
two potential energy curves, one for the a&ectron 
energy and the other for the steric strain’ (Fii. 1). The 
formerhasitsmaximumattbedihadralanelc8=90”, 
where the lack of overlap between the two ethylenic p 
orbital9 destabilizes the system, whik the latter has its 
maximum at 8 = 0” and is due to non-bonded repulsion 
between the substituents on the two C atoms. We call the 
corresponding potential energy curves E, and E,, res- 

Wart VII is Ref. 18. 

pcctively, The ground state will bt found at the minimum 
of the sum of these potential energy curves. The position 
of this minimum is dependent not only upon the energy 
maxima but also upon the shapes of the potential energy 
curves. E, will probubly be nearly cosine-shaped, and 
the depth of the energy well will to a large extent depend 
on the steepness of E,. The passage between two energy 
minima may occur via a 90” twisted or via a planar 
transition state. The barriers to these two processes are 
calkd & aud & respectively. 

In a simpk cthykne, such as 1,2dideuterioethylene or 
2-butene there is a high p-barrier but little steric inter- 

FUG l(b). 
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action, giving rise to a bar&r separatiq the I3 and 2 
forxns in the order 60-U kca4mol.y Much lower barriers 
can be obtained by lowering I%* In pus&pull ethylenes 
strong acceptors on one carbon and strong donors on the 
other lower I&, due to stabikakn of a zwittcrionic 
transition state by these groups? 

~wer~~~~~ob~by~~~.~ 
corresponds to an kreaaed ground state energy, If E, is 
large tm3ugh the moleCulc w3ll be strongly twisted in the 
ground sta&’ @‘ii lb). Overcrowded ethylenes with 
low I& are known. 

When the steric ~~~~ons between the donor and 
the acceptor groups in push-pull ethylenes arc strong 
cno~, ~~~n~y twisted e~y~~s result with a 
barrier for passage through a planar transition state 
which can be measured with DNKR (Fig. lc).’ We have 

Ph 

I P 
*He c-wiJ I$( R- l-rR 

1: R=CHa 
2: R= PhCHr 
4: R=fPr 

7: n=3 
8: n=2 

investigated the rotational processes around the double 
bond in some systems of this kind (Scheme 1). 

The 270 MHz ‘H NMR spectrum of 1 at 290 K shows a 
singlet for the N-Me groups, while the protons in the 
~~~ ring give an AA’BB’ pattern. There are two 
possiWe explanations for this. The molecule may be 
phknar in the time average, in which case the singlet 
resonance for the N-Me protons is due to accidental 
equivalence. Then JAA6 (Fu, 2) will be a gainal coupling 
unset, which can be assumed to be of op~si~ sign to 
the ticiaal coupling constants J- and J=: If on the 
other hand the rnol~~e is ~~~n~y twisted about the 
double bond and the passage past &, is slow but that past 
I& is fast on the NMR timescale, an AA’BB’ system will 

3: Fit = Rz = PhCHs 
5: R, = R1 = iPr 
6: R, = PhCHn, RP = IPr 

10: R, = H, RP = R = F’hCHz 
11: R,=H, Rn=R=CHs 
12: R,=H,Rn=%=iPr 
13: R, = H, Rp= PhCHa, Fb= iPr 
14: R, = NOa, R = R = PhCHz 
19: R, = NH*, Ra = R = PhCHn 

Scheme 1. 
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Fm 2. Exprimtntal and cakuhtad spectra (100 MHz) of the imidazolidine ring protons in 1 (solvent dcutcrio- 
chloroform). Av, = 16.5 Hz, JAB = + 11 .O Hz, JAB. = * 8.i Hz, Jm = f 120 Hz. 

also arise but aow with the geminal coupliag between 
two aucki with different chemical shifts (JAB). The 
equivalence of the N-Me sigaals is then a consequence 
of a time-average perpendicular arrangement of PhCCL 
C4lOMe with respect to the imidazolidine ring. An 
analysis of the spectnua with the UEAITR program” 
showed that the latter case was at hand. The parameters 
obtained were in agreement with the perpendicular 
structure. 

To check tbe analysis, the IoOMHz spectrum was 
recorded and simulated using the same coupling con- 
staats and the appropriately scaled shift. The agreement 
was excellent (Fig. 2). 

At lower temperatures tit the high-geld and tbea tbe 
low-&ld part of the spectrum was broadened due to slow 
rotation of the acetyl group, and at higher temperatures it 
coalesced to a singlet due to fast rotation around the 
double bond. 

The fact that tbe spectral parameters fit a pcrpeadi- 
cular structure does not mean that the ground state of 
the molecule has a dihedral angle 8=W about the 
double bond. The molecule is probably oscillating be- 
tween two degenerate ground states with dihedral aagks 
around 45” and 135*, aad with a low barrier separating 
them. Ga the NMR tiatescale, however, wbea the 
exchange between these two sites is fast, this cor- 
respoads to an effectively perpendicular structure. 

Ia 2 the Me groups bavc been replaced by procbiral 
benxyl groups. Ia the slow excbaage region the beazylic 
protons give an AR pattern in agreement with a twisted 
structure, whereas a planar structure requires two sia- 
glets. The fast exchange spcctnun shows oae singlet. A 
complete band&ape analysis of 12 spectra in the tem- 
perature raage 293 K to 353 K gave AH+ = 19.2 f 0.5 (3~) 
k&no1 aad AS+ = + 7.7 f 1.5 cal/mol*K. 

The twisted ground state in this molecule will have a 
charge separation with a negative charge localized over 
PhCCMXGCH~ aad a positive charge over N-C-N. This 
xwitterionic ground state can be assumed to be strongly 
solvated by polar solvents, i.e. surrounded by a shell of 
well ordered solvent molecules. However, the plaaar 
transition state has less charge separation, causing a 
dimiaished order of the solvent molecules and therefore 
a positive entropy of activation, in agreement with our 
result. 

Ia planar polarized cthykaes, on the other hand. we 
have a more polar transition state and would expect a 
tqative entropy of activation. This has been conflnaed 
in several work~.~~~~~‘~ 

For 3, a complete bandshape analysis of the NMR 

spectra at 11 tempcratnres in the range 403_447K, with 
the inclusion of a long-range coupling to the ring protons, 
gave the activation parameters: AH+ = 26.42 0.9 
kcal/mol, AS* = + 10.2 f 2.2 cal/mol*K. 

Enlargement of the ekctrondoaating ring increases 
the steric strain in the transition state, since the bcnxyl 
groups now come closer to the acceptors, whereas the 
increase of strain in the ground state is less pronounced, 
giving a difference in AH+ of 7.2 kcal/mol between the & 
and Membered riag. 

The slightly more positive value for AS+ for the 6- 
membered ring is in agreement with a more twisted and 
therefore more p&r ground state. 

In 4 and 5 the benzyl groups have been replaced by 
isopropyl groups. For these compounds only AG’ was 
determined. The values AGf, = 18.0 kcaljmol and 
AGf;g= 23.7 kcaljmol for 4 and 5 respectively can be 
compared with the calculated AGL = 16.5 kcallmol for 2 
and AC& = 22.0 kcal/mol for 3. The difference Mweea 
the effects of two isopropyl groups and two bcnxyl 
groups on E,, is 1.5 k&no1 in the 5-membered ring aad 
1.7 kcal/mol in the 6-membered ring. This caa also be 
expressed so that the barrier dilfererke bctweea a 5- and 
a 6-membered ring is fairly constant and independent of 
the size of R, aad Rz. For 6 the value AG& = 23.1 
kcal/mol lies between the values for 3 and 5. 

A de1 of 7 shows very strong steric interaction 
between the peri hydrogen and the bcaxylic protons. Tbe 
value AGL, = 23.2 kc-al/m01 is, however, somewhat 
lower than for 5. Since the pheayl group is a kss efficient 
electron acceptor thaa tbe benzoyl group, 7 will have a 
higher E, tbaa 5. This increases the ground state energy 
and thus lowers I& (Pig. 1). In 8 the shifts were too small 
aad it was not posst%le to make an accurate deter- 
mination of AG+. 

IO 9 the two Me groups ia the ditaedone ring gave two 
sharp singlets up to above 465 K indicating tbat AG+ > 
25 kcal/moI. 10 this mokcule we have combiaed a very 
low E, resulting from the two CO groups, which are 
good acceptors, with the high E. resulting from the 
strong interaction with the fairly rigid dimedoae ring. 

A compound like 6 with four dilfereat groups attached 
to the doubk bond caa exist in two eaantiomeric forms 
due to the twist. This is analogous to the stereoisomerism 
in the bipheayl series. With AG+ > 25 kcallmol it should 
bc possibk to resolve the eaantiomers. Such aa attempt 
is now in progress. Resolution of chid olefias where the 
chirality is due to twistiag around a double bond has just 
been reported.13 

A point of interest is whether it is possible to measure 
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both Eo and F,~ in the same molecule, in le we have a 
system with a moderate steric interaction between the 
donors and the acceptors, and the combination of a 
pbenyl and a cyano group is not very effective for 
stabilizing a negative charge. 

The NMR specuem of 10 shows an AB quartet below 
-54 °, corresponding to a steric barrier of 10.7 kcal/mol." 
Below - 9 0  ° first the high-field part and then also the 
low-field part of the AB spectrum undergo selective 
broadening, and at -130 ° two new AB spectra have 
emerged. By use of the DNMR-3 program ~s the spectrum 
can be sa~factorily simulated assuming exchange be- 
tween two AB systems, the passage through the plane 
being slow on the NMR timescule. From the rate con- 
stants a barrier of 7.0 kcal/mul could be evalu_~ted, which 
corresponds to a 0 = 90 ° twisted transition state. The 
signals are very broad at -135 ° and it is di~icult to 
measure accurately the chemical shifts, which are tom- 
perature-dependent. A precise determination of Tz is also 
difllculL 

The "C NMR spectrum of I0 shows below -10ft  a 
non.selective broadening of all useful carbon resonances 
except for the quaternary ring carbon in the benzyl 
groups. This signal, however, is split into a doublet with 
A~, = 15.0Hz below -127 °. With the usual approxima- 
tion 16 this corresponds to AG*= 7.3 kcal/mol. This is 
probably more reliable than the value from 'H NMR. 

The extreme broadness of the bands at low tern- 
perature, which is also observed in the IH NMR spectra, 
especially at not very low concentrations, is probably 
due to an association of the dipolar solute molecules. 
This association increases with decreasing temperature 
with concomitant increase in the correlation time. This 
decreases T2 for proton-bearing carbon atoms but has 
much less effect on non-proton bearing ones. 17 

In II  the benzyl groups have been replaced by Me 
groups, and only the ~r-harrier can be measured. This 
was 7.0 kcal/mol, which is in the same order as for IS, 
whereas in the correspondi~ 5-membered rings the f -  
barriers are 9.5 kcal/mol and 8.5 kcul/mol for the benzyl 
and Me compounds, respectively." The low It-electron 
barriers for the 6-membered compounds compared to the 
5-membered ones can be explained in terms of increased 
steric strain in the ground state, which can also explain 
the lower barrier for the 5-membered benzyl compound 
compared to the same Me compound. This explanation 
does not bold for a comparison between I0 and II. 
Different abilities to stabilize the zwitterionic transition 
state may play a more important role here, as may also 
different shapes of the potential energy curves. 

For 12 and 13 the IH NMR gave AG*,,~ = 11.2 kcaUmol 
and AGUe= 11.4 kcal/mol (Eo) respectively. At tern- 
peratures below -70  ° the signals from these compounds 
broadened strongly while the solvent silpm/, which was 
used as a reference, did not. The association invoked to 
explain the broad '3C resonances of I@ is probably at 
work here as well. This made a precise determination of 
I"2 difficult, which also affects the accuracy in the 
determination of the rate constants. We have no 
explanation for the unexpected higher Eo for 13 than for 
12. This is contrary to all other results in these systems, 
where the isopropyl group always gives a stronger steric 
interaction than the benzyl group. 

It was not possible to measure Em in 12 or 13, neither 
by ~H NMR nor by "C NMR. It is likely that Ego is 
lower in 12 and 13 than in 10 due to higher ground state 
strain in the former compounds. 

In the transition state to passage of F-z, the aryl group 
on the acceptor side must be almost orthogonal to the 
double bond, since otherwise the steric crowding would 
be too severe. Therefore, a subsfituent in the para posi- 
tion must influence the steric barrier through a change of 
the conjugation. An electron-accepting group increases 
the double-bond character of the bond between the 
phenyl ring and the double bond, thus making a rotation 
out of the plane of the phenyl ring energetically dis- 
favoured. The opposite holds for an electron-donating 
group. Eo should thus be increased by an acceptor group 
in the para position of the phenyl r ing and decreased by a 
donor group. For the Ego the opposite should hold. The 
better conjugation with an electron-accepting para sub- 
stituent stabilizes the transition state by deloculization of 
the negative charge, making E,, lower. 

In 14 the nitro group raises the steric barrier to 13.9 
kcal/mol, whereas the ~r-barrkr was too low to be 
measured. The exchange system for lS is similar to that 
for 10, but since Eo and Ego are more similar in the 
former compound, the spectrum is simultaneously 
affected by the two  processes. The general band- 
broadening below - 100 ° makes it dif f icul t  to evaluate the 
individual chemical shifts, but the coalescence of the AB 
specWmn can be observed between -70 ° and -75 °. An 
approximative free activation energy of 9.7 kcul/mol for 
Eo can be obtained by band-fitting on the low-field part 
of the AB spectrum, which is less affected by the pas- 
sage over ~ The amiqo group thus lowers the steric 
barrier by ca. 1.0 kcal/mol. In the 13C NMR spectrum the 
quaterna~ benzylic carbons were split below - 108 ~ to  a 
doublet, A,, = 15.0 Hz, corresponding to a r-barrier of 
8.3 kcal/mol, which is ca. 1.0 kcal/mol hi~,her than for 1O. 

Conclusion: Our model for the potential energy curve 
for rotation around the double bond in polarized ethy- 
lenes can explain the experimental results, and by a 
careful choice of subsfituents it is posst~nle to vary the 
relation between the steric and the ~.-bsrrier between 
wide limits. 

PAIT 
There are two general ways for preparing these push- 

pull ethylenes. One way is to treat a 1,1-bis-methyl- 
thioethylene with a dialkyldiamine and the other is to 
treat the appropriate methylene compound with a base 
and a cyclic methyithiouronium salt (Scheme 2). Both 
methods have been descn3~d earlier." 

A 

A ~  _ /B  
+ R,NH(CH=).NHR~ 

CH3s/C '~ 'SCH3 

A ~ c / B  

II 

SCH 3 

Scheme 2. 
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R,NH(CH&NHR, + Cs, - RCj’H4CHa)aN / C&t,” BfcttjzOpE1 
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S 

II 
<*j 

R,NHzW-i&N 
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BP ‘R? 
19,21 

1 NaOtI 

24 

S 

II 
MC\ 

RI-N N-Rz 

U 
20;25 

Cl-III* 

A 
R,-.N N-R, I* 

U 
21,29 

Scheme 3. 

The thioureas used as precursors for the thiouronium 
salts were prepared by reaction between the appropriate 
N,N’disubstituted 1,2dkuninocthane or 1,3diamin* 
propane and carbon disulphide in boilin~~ pyridine. This 
reaction failed, however, when the N-substituents were 
large, and an alternative method was worked out (Scheme 
3). The success of this method (which, however, fails when 
RI or Rt = t-Bu) is due to the fact that -SCH2CO&H5 is a 
much better leaving group than HS- or S2-. 

There are two possibfe structures for the unsym- 
mctricaldithiocarbamatc 23. The carbon disulphidc may 
attack either the nitrogen with an isopropyl group or the 
nitrogen with a benzyl group. Ring-closure of both * l 

~WWX&W&S gives the same product. To elucidate 
the structure of 23, it was treated with methyl iodide. As 
evidenced by the ‘H NMR spectrum, the methyl analo- 
gue of 24 formed shows a restricted rotation around the 
ditbiocarbamate C-N bond. At rmrn temperature the 
benzyl group gives rise to a doublet with unequal in- 
tensities, which collapses to a sin&t at hi&er tem- 

peratures, whereas the doublet for the protons from the 
isopropyl group does not show temperature-dependence. 
Thus it is obvious that the attack of carbon disulphide 
has occurred on the benzylamino group. 

-AL 

Most of the ‘H NMR spectra were recorded on a Jeol Model 
JNM-MH 100 NMR spectrometer, equippad with a standard 
variable temp. attachent (VT 3x). Tbc temp. was measured by 
monitoring tbc voltage of the internal thermocoupk of the in- 
strunwtt,which was subsequently calibrated with an external 
thcrmocoupk placed at the he@t of the receiver coil in a 
dummy tube contain& 0.5 ml of the sohent. 

The M’BB’ spectrum of 1 and the spectrum of 14 were 
record& on a Bohr Model HX-270 sptrometer, and the 13C 
spectra were recorded on a Varian Model XL-ItMU spcc- 
trometer. For t& high temp. spectra bexamethyIdisiloxaoc or 
act.amctbyIcycbtetnsibxanc was USCCI to providt the intemal 
lock signal, while TMS was tuzd for the low temp. spectra. The 
“C spectra were recorded witb ‘? lock on solvent CHC12F. The 
dctemhtha of T* was pelformcd as described earlkr.‘9 

Tabk 1. 

conpound Solvent Au Hz J Hz T K id (Eo) kcsl/nol as+ (EgO) keel/ml 

z ODC 30.5 14.6 349 16.5 

3 ODC 20.1 14.8 424 22.0 

!I ODC 19.0 6.7 345 18.0 

5 ODC 3.7 6.6, 6.8 424 23.5 

55 ODC 3.8 6.7, 6.8 412 23.1 

L ODC 26.0 14.8 441 23.2 

9 ODC 7.8 ~465 >25 

Jgk CJiC12F 10.7 

&l QlC12F 15.0 146 

11 CliC12F 40 148 

12 CHC12F 13.9 6.7 220 11.2 

7.0 

7.3 

7.4 

Q1C12F 17.6 6.4, 6.6 230 11.4 

CDC13- 20.0 14.8 270 13.9 

toluene-dg 

CHC12F 50 14 203 9.7 

MC12F 15.0 165 8.3 

5 The fsopropyl group was used for evaluation of tht rate constant. b Ssa Ref. 14 for 
spsctral psmmeters. EF~c&~C NHR. d At 270 Mr. ODC = a-dlchlorabenzene. 
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Din&y1 piktbaiatt was addad to provide a resolution statmhrd 
for the samples which did not contain CIQF as a solvent, 
otbcnvlse one of tik solvent ADDS was used. 

la tiu spectra of 3 (but not of 2) it was not possibk to obtain 
acccptabie a8rccmcnts between the expctimcntal and simuiated 
spectra of benxyiic Al3 quartets without inclusion of a small 
ioss_range c0upllng. Tills was performed so that three spectra 
wi~theinteasity~tiol:Z:iandwiththeshats~~-I,v,,~~+J 
but wltit aii otbor paean the sank, were added. Tite 
parnmeter J was tbcn varied so that t& siowcxcitange spectrum 
couid be simuiated. The best fits were obtained wltb I = 0.5 Hz. 
This vaiue was then used also in t&c fastcncitange region. 

The dipmines 
N,N’-~~~yk~yk~~i~ and N+N~~imc~yi-l~i- 

aminopropane were commercial products. 
N,N’-Dr’fonyldCiy~en&um&t~ Ethyl formate (227 g, 3.7 mol) 

was added dropwise to e~~~~i~ (60.0 g, 1.0 ruo1) and tbr: 
mixture was relluxrA for 2hr. Upon cooling cdourkss crystals 
(108.1 g 93%) precipitatai, m.p. ii?!? (lit. 109-i lo”)pP 

No-~urgf-NJJ’-difomry~y~adiaminc. A soln of N,N’- 
diformyicthylcnodlamine (W.4 g, 0.83 mol) in DMF (350 ml) was 
added dropwisc witit stirring to a suspension of 50% NaH Wg, 
1.75 mol] in DMF (25Omi). The mixture was &red for 1 lrr. 
Benxyl cbioride (212 g, 1.67 mol) was added dropwise with gcntk 
warming. After 2br the rn~~~ was aiiowed to cool, tbc prc- 
cipll NaCi was removed and water was added. Extithn 
with chloroform, drying and cvapOr&ion ykldcd au oil (138g, 
56%) which crystal&d on stand& m.p. 109-1015 

N,N*-~~~k~~~~- To a soln of N,N~~~yi- 
N,N’diformyletbykne&mlne f135 g, 0.46 mol) in EtDH (350 nti~ 
was added cone HCl[20ii ml). The mixture was r&axed for 2 br. 
Upon coating and addition of ether a &ourkss ppt (120 g) of the 
bydrocitioridc of the desired amine was obtained, This was 
dlssolvui in M NaDH and titc amine was extracted witit ether- 
Dryln8 and evain&on yielded tbc amine (84 g, 75%), wbiib was 
used witbout further puri6catioa. 

N,~-~~y~-l~~~~p~p~t. The same procedure as for 
N,N’dibenxylcthykncdiaminc was used, substituting lt 
diaminopropanc for ctbyknediamim, b.p. isa”lo.4 mm. 

N,N’-~~op~py~~~~~~e. ~~propy~ (100 g, 
1.7 mall was added dropwisc to i&di&romWbanc (75.2 g, 0.4 01 
wbiclt bad been bested to 1100, Tim mixture was nliuxul for 1 br 
and solid&cd on subsquent cooling. Add&n of a soh of NaOH 
(408) in water (60 ml) caused the separation of an oit, whkb 
after several distillations gave the product in low yieW b-p. 
doq(l5 mm (iit. 849137 mm)?’ 

N,N’-~og~opyt-f~d~~~~~~~~e. 13_-0me 

04 3. 1.0 mol), acetone (i74 g, 3.0 molj and abs EtDH (50 mi) 
were mixed in a Parr bottk to wbicb was added 10% W/C 
catalyst (0.8 8). Hydrogenation at 150 psi, removal of tbc catalyst 
and dtstiliation gave titc product (ii55 g, 86%), b-p, 76 
n”li4 mm. 

N-Bmzyl-N’-i~op~py~-lJ_diamirroploponc, N-isopropyl-l+ 
d~minop~p~~ (34.8 g, 0.3 mol) was dissolved in abs EtDH 
(208ml) in a Parr bottk to which was added benzaidehyde 
(31.8 g, 0.3 q ol). The bottk was cooled with kc to moderate tbc 
reaction. To tiu mlxturc was added 10% PdCC catalyst (LOg). 
Hydrogen at 50 psi for 24 hr cmpktal tbc reaction. Rcmo- 

val of the catalyst and distiiiatlon yielded tbc &ircd product 
(45 g, 72961, b-p. i iWl.7 mm. 

Tbcse an&s gave ‘H NMR spectra in bunt with tbc 
expected structllrc. They arc othenube regardA Bs cblcritld 
by tbt dcrivathion to thiour~ and ethyknes as dcscrhd 
below. 

27te fhi#9Untod fE&f ~~~~~~ S&S (Scheme 4) 
i~~~~~~u~-2-r~~~ @i). To a cold (VI s&s of 

N,N’dtbenxyletbykr&amlnc (77 g, 032moll in pyridfne 
(300 ml) cs, (37 gr 0.49 mol) was ti with s&lug- Tim mixture 
was allowed to fzome to room temp. A colourkss ppt was 
dissolved by rcfhxing the mixm for 24br. Evaporation of 
excess CS, and pyridinc kft a dark red oil, which crystaiiiA on 
standing. The cnuk product (9OSg. 100%) was base 
from MeOH to give cdourltss prisms (93%), m.p. 91-W. 

i~~~~l-2-~~k~~~~~~ ptrrlirlarntt (27). A 
soh of 14 (Lag, 0.02 mol) in h&SO, (20 ml, 0.21 mol) was 
heated to loo0 on a water batli for Ibr. A soln of sodium 
~~MO~~ (4.8& 0.04 mol) in EtDH (80 ml} was added. Additilul 
of ctbor gave coiourless crystals. Tbcy were &red off, dis- 
solved in c~fo~ and pact with ether, ykiding the: 
desired product (6.7 g, 85%), m.p. 1415 

I,3 - lNbmzyl - 2 - methyMiohcxahydrvpyti~ iodkfe 
(22). To a soln of 17 (22g, 74 mmol) in aectot~! (500 mi) was 
added Mel 121 g, 0.15 mol). After 3 days crystals ltad prc- 
cipitated. Ether was added and more crystals were formed, 
which were fiiter@d on, yklding the cok~ess produzt {2sJig, 
79%). m.p. 11%1290. (Found: C, 52.2; H, S.31; N, 6.28. 
C,&N,SI (438.377) requires: C, 52-i; II, 5a N, 6-1. 

N - (3 - Z3op~py~~~o~p~~yf~ - N - (~~~p~~ - d&b 
curbmutt (18). To a cold solo (a”i) of N,N’ - diisopropyl - 1$ - 
d~in~o~ (31.6 g, 0.2 molf in dry etbcr ilaO ml) WUJ added 
dtopwisc with stirring Cs, (3Og, 0.39~1~. A cohrkss powder 
precipitated immediately and was filtered off, yield 47.6 g (lOW, 
m.p. 142-145”. 

~t~~yc~~~y~~~yf N - 13 - ~~~p~~~p~py~} - N - 
(bopmpyi) - &&udamatt (I!&. To a suspenslou of It (47.6 g. 
0.2Omol} in abs &OH (2UimB was added ttityl Ernst 
(35.0 & 0.21 mol) and tite mixture was be&cd to 70” for 112br. 
The dark red soln was cva#pora&d, and the rcm~ oil crystal- 
lized on stand&l& The crude product (no, 91546) was washtd 
with ether, m.p. Illa*. 

i,3 - I?i&opmp~y&pyti&e - 2 - rhime (S). Nn&Os 
(20 g) was added to a win of 19 (77 g, 0.19 moi) in water (250 ml& 
A semi-solid substance was formed, which was extracted with 
toluene. ‘I%c tolucnc layer was dried over MgSD, arni re8uxed 
for 6 br. After cvapwatb the rcmrtiniq oil didifkd on starui- 
ing. aeon from illoin ykkkd colourkss prisms (25 g, 
69%), m-p. W. 

13 - ~op~py~ - 2 - ~~~y~t~~~~~py~~~~~ ~~ 
(21). The same procedure as for 22, but with 1 as sWtiW 
mat&i, yield 9296, m.p. 1850 (de@. (Found: C, 38.6; H, 6.78; N, 
8.12. C,,HuNzSI (342-288) requires: C, 38.6; H, 6.77; N, 8.18%). 

N - (3 - Zs~p~py~~~~p~~~~ - N - bmzyrf - dWxw- 

16: Rr=F(P=PhCHp, n=2 - 27: R, = R:, = PhCHa n = 2, X = Cl04 
17: R,=Rs==PhCHs. n--3 2% R~=Rp=PhCH=, n=3, X=i 
20: R,=&-IPr, n=3 2l: R,-R1=lPr, n-3,X=1 
36: R,=PhCi-&&=iPr,n=3 26: R,=PhCHP,Rrt=iPr,n=3,Xsi 

Scitcnw! 4. 
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bornare (23). The same procedure as for 18, but with N - bcnzyl - 
N’ - isopropyl - 1.3 - diaminopropane as starting material, yield 
98%. 

Etkoxycarbo&vthyl N - (3 - isopmpylamm~io~mpyl~ - N - 
hzyf - dilhkarboma?e (24). Tbc same procedure as for 19, but 
with 23 as starting material, yield 9696, m.p. 131-13T. 

1 - Benzyl - 3 - isopn?pyihexahydropylG?lidbu - 2 - thi0M.t (2s). 
The same procedure as for 26, but with 24 as starting mat&I, yield 
9196, m.p. 1 lb1 IV. 

1 - Bemy1 - 3 - isopropyl - 2 - methylthioherahydrupyrimidktm 
iodide (24). The same procedure as for 22, but with 28 as starting 
material, yield 7246, m-p. 119-129”. (Found: C, 46.2: H, 5.95; N, 
7.19. C,sH23N#I (390.332) requires: C, 46.2; H, 5.W; N, 7.18%). 

‘Ilrc ethylnrs-Method A 
2 - (1 - Phenylbutanr - l$ - &!I - 2 * ylidmr) - l$ - 

dimethylimidawlidk (I) was prepared by Eriksson d a!.‘* 
2 - (1 - Phmyfbwrane - 1.3 - dion - 2 - ylidme) - I$ - 

dibe&imida&i~didirrr (2). 1,l - bk - Mcthylthio - 2 - acctyl - 2 - 
benzoykthyknt” (5.32 g, 0.028 mol) was dissolved in dry benzene 
(25 ml), to which was added N,N’dihcnzykthykncdiaminc (4.8 g, 
0.020 mol) in dry benzene (25 ml). The soln was rcfluxcd for 10 hr 
and the hcnzenc evaporated off. The oily residue crystallixed on 
standing. BccrystaBization from xykne yielded coloutiess crys- 
tals (2.7Og, 33%). m.p. 131-133”. (Found: C, 79.1; H, 6.49; 0, 
7.92; N, 6.70. CnHrN202 (410.529) requires: C, 79.0; H, 6.38; 0, 
7.79; N, 6.82%). 

2 - (1 - Phenylbwtane - l$ - dion - 2 - ylidnrc) - I$ - 
dkzylhexahydmpyrimid~e (3) was prepared as described for 2, 
but with N,N’ - dibcnzyl - 13 - diamioopropane as amine. 
BccrystaIliition from chIorofom+hcptanc, yield 47% m.p. 178- 
lw. (Found: C, 78.8; H, 6.56; N, 6.36; 0, 7.59. C21H21N10x 
(424.548) requires: C, 79.2; H, 6.65; N, 6.60; 0,7.54%). 

2 - (I - Pheuylbutane - 1,3 - di&n - 2 - ylidene) - 1J - 
diisopnopylimidawfidi~e (4) was prepared as descrii for 2, but 
with tolucnc as solvent and N,N’-diisopropykthyknediamii as 
amine. The crude product (31% yield) was rccrystalbxed from 
xykne-ligroin (2: l), m.p. 231-233”. 

2 - (1 - Phenylbwtanr - 13 - dion - 2 - ylkhe) - l$ - 
diisop~pykrahydrupycimidinc (5) was prepared as descrilxl 
for 2 but with xylene as solvent and N,N’ - diisopropyl - l$ - 
diamiuopropanc as amine. The crude product (58% yield) was 
recrystallized from xykne, m.p. 183-18s”. 

2-(1-Plrurylb&ne-1$-diou-2-ylid~)-l-benzyl-3- 
kopropylimidawkline (6) was prepared as descrihcd for 2 but 
with xyknc as solvent and N - hcnxyl - N’ - isopropyl - l$ - 
diaminopropanc as amine. The crude product (!M yield) was 
recrystalhxed from xykne-ligroin (2: 1) to give colourkss prisms, 
m.p. l&192”. 

2 - bb - Methylthiomethylarc - 5,5 - dimethyfcycUexa.ne - 1,3 - 
dione (28) was prepared by the procedure dcscrii by Gomppcr 
and TlspBP starting with dimcdoru and with DMF as the only 
solvent- The crude product (63% yield) was rccrystdlized from 
ligroin, giving yellow prisms, m.p. 8683”. 

2 - (5$ - Dinerhyfcycloherune - 1J - dioR - 2 - ylidcne) - 1 - 
benzyf - 3 - isopropyUrcx4hyd~pytimidine (9) ~8s prepared as 
described for 2, with 28 aad N - bcnzyl - N’ - isopropyl - 1J - 
diamiuopropanc and with xykne as solvent. Column chromato- 
graphy on silica with McOH and recrystallization from ligroin- 
tolucnc (7:3) gave the desired product (56% yield), m.p. 191- 
193”. 

Method B 
2 - (2 - Term/on - 1 - yRdene) - I$ - djbenzyfhexahydm- 

pyrimidim (7). 5096 NaH (20 g, 0.042 mol) was suspcrgled in dry 
DMF (25 ml), to which was added 2-tctralonc (292 g, 0.028 mol) 
in DMF (25 ml). The mixture was stitrcd for 10 min and a soln of 
22 (8.76g, 0.02Omol) in DMF (500) was ti. The mixture 
was kept at 78’ for 3 hr and then poured into water. Extraction 
with chloroform and evaporation gave a darlr oil. Column 
chromatography on silica with ftnt acetone and then hi&H as 
elutnt gave the desired product It was dissolved in acetone, and 
ligroin was added. On cooling yellow prisms of unfkbcd m.p. 
were obtained (33 g, 16%), m.p. for the picrate wp. 

2 - (2 - Tetralon - 1 - y/&e) - 1J - dibeq@nidazdidine (8). 
Tk same procedun as for 7, yield 44%. m.p. for tbc picratc 24T. 
(Found for picrate: C, 63.4; H, 4.78; N, 11.1. CnHlpN& 
(623.628) rquires: C, 63.6: H, 4.69; N, 11.2%). 

1J - LXbenzyl - 2 - (a - cyanobutzyUene) - hexa- 
hydropyrimidhte (10) was prcparcd as described for 7, starting 
from 22 and hcnzyl cyanide. Becrystalhzation from 96% EtOH 
&eve colourkss plates (32% yield), m.p. 178-180’. (Found: C, 
82.0; H, 6.68; N, 11.0. CIH,NJ (379.509) requires: C, 82.3; H, 
6.64; N, 11.1%). 

13 - LXmrhyl - 2 - (U - cyonobcnzylidme) - hexo- 
hydmpyrimidine (11) was prepared as descrihcd for 7, starting 
from 13 - dimethyl - 2 - wthylthio - hcxahydropyrimidiium 
iodide” and hcnxyl cyanidc. Tbc crude product (55% yield) was 
recrystallized from cyclohexane-benxcnt, m.p. 99@. (Found: C, 
73.3; H, 7.57; N, 18.2. Cl,H,,Nl (227.312) requires: C, 74.0; H, 
7.54; N, 18.5%). 

I,3 - Dsisopropyl - 2 - (u - cyrurobemyfidem) - hexuhydn, - 
pyrimidi~c (12) was prepared as described for 7, starting from 21 
and hcrtxyl cyanide. Tbc crude product (22% yield) was recrys- 
tallized from cyclobcxane, giving colourkss plates, m.p. 121- 
122”. 

1 - Benzyl - 2 - (a - cyonobcntylidarc] - 3 - isopropyihaa - 
hydnopyrimidine (13) was prepared as dcscrii for 7, starting 
from # and bcnzyl cyanide. The crude product (21% yield) was 
rectystallized from tolue=yclohexane (1: I), giving cdourkss 
crystals, m.p. 182-183”. 

l$ - LXbazyi - 2 - (a - cyana - p - nitmbenzylidue) - hexa - 
hydnopyrimidk (14) was prepared as de&bad for 7, starting 
from 22 and p-nitrohctuyl cyanide, and with sodium t-amylatc as 
the base. The reaction was carried out under Np The crude 
product (40% yield) was recrystalhzcd from tolucm~yclohcxanc 
(1: I) to give red prisms, m.p. 13S13P. Tbc compound formed a 
crystalline 1: 1 complex with diethyl ether, which tenaciously 
re!ainod the ether. 

1,3 - DCbmzyl - 2 - (u - cyan0 - p - aminobcnzyfidene) - hexa - 
kydropyrimidke (IS). A sda of the ether complex of 14 (2.00, 
4.0 mmol) in MeOH (50 ml) was hydrogenated in a Parr apparatus 
under 50 psi for 10 mitt with Baney nickel (2g) as catalyst. The 
catalyst was removal by filtration, and the MeGH evaporated. 
The crude product (1.3 g, 82%) was rectystallizcd several times 
from tolucnc-ligroin to give the desired product, m.p. 182-184?. 
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