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SUMMARY

Reactions of diphenylbutadiyne with diarylcarbodiimides in the presence of
iron carbonyls produce three types of pyrroline derivative, 1-aryl-3-phenyl-4-phenyl-
ethynyl-5-aryliminopyrrolin-2-one, 1-aryl-4-phenyl-3-phenylethynyl-2,5-bis (arylimi-
no)pyrroline and 1,1’-diaryl-3,3-diphenyl-2’,5,5-tris (arylimino}-4,4’-bipyrrolin-2-one
(Ar=phenyl, p-tolyl and p-chlorophenyl). A similar reaction using dicyclohexyl-
carbodiimide gives 1-cyclohexyl-3-phenyl-4-phenylethynyl-5-cyclohexyliminopyrrol-
in-2-one as the sole product. Acid hydrolysis of the above phenylethynyl-pyrrolinones
and -pyrrolines affords the corresponding phenylethynylpyrroline-2,5-diones. The
bipyrrolines have been similarly hydrolyzed to the bipyrroline-2,2",5 5 -tetrone
derivatives. The reaction of the phenylethynylpyrrolinone (Ar = phenyl) with diphenyl
or di-p-tolyl carbodiimide in the presence of Fe(CO); gives the bipyrroline derivative
as the isocyanide insertion product. The arylisocyanide iron carbonyl complexes
Fe(CO)s-n,(CNAr), are considered to be the active species for the formation of
phenylethynyl bis(imino)pyrrolines and bis(imino)pyrroline rings in bipyrrolines.

The carbonylation! and oligomerization? reactions of acetylenes with tran-
sition metal catalysts have been studied by several workers arnd a variety of acetylene—
metal complexes has been suggested as reactive intermediates. However, little isknown
about the reaction between acetylenes and heterocumulenes catalyzed by transition
metal complexes, although in previous papers®* we have reported that the reactions
of acetylenic compounds, such as phenylacetylene and diphenylacetylene, with
heterocumulenes in the presence of metal carbonyls afford interesting five-membered
ring compounds through the involvement of acetylene-metal complexes as inter-
mediates. Of particular interest are the carbonylation and addition reactions of
.disubstituted acetylenes via the “doubly. ¢-bonded” iron complex. The reaction of
diphenylbutadiyne (I) with heterocumulenes is reported in this paper.

Reactions between I and diarylcarbodiimide ITa-IIc in the presence of i u'on

" carbonyls give three types of pyrroline derivatives, which are difficult to prepare by
other methods, i.e. 4-phenylethynyl-5-iminopyrrolin-2-ones ,IIIa—III(V: ‘3-phenyl-
_ethynyl-2,5-bis(imino)pyrrolines IVa-IVc and 2',5,5'-tris (imino}-4,4'-bipyrrolin-2-.
ones Va—Vc. It should be noted that the further reaction of -the phenylethynyl-
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: pyrrolmonw IIIa—IIIc formed in the ﬁrst step w1th carbodumldes IIa—IIc and iron-

: wbonyls afford the correspondmg blpyrrolmes Va-Ve. .~ -

: - We suggest that arylisocyanide derivatives of iron. carbonyls, such as Fe-
(C 0) s_m(CNAI),, playa 51gmﬁcant role as the reactive intermediates in the formation
of the blS (1mmo) pyrrolme ring compounds IVa-IVc and Va—Vc

' RESULTS AND DISCUSSION

Reactwns of dlphenylbutadzyne (I ) wzth carbodumldes

_ The reaction of I with diphenylcarbodiimide (IIa) in the presence of Fe (CO)S‘
at 160° ‘produces 1,3-diphenyl-4-phenylethynyl-5-phenyliminopyrrolin-2-one (IIIa),
1,4-diphenyl-3-phenylethynyl-2,5-bis (phenylimino) pyrroline (IVa) and 1,1,3,3'-tetra-
‘phenyl-2',5,5-tris(phenylimino)-4,4'-bipyrrolin-2-one (Va)in yields of 28, 1 and 149,
Iespectlvely

155-210°

h—C_=.C—C:: —Ph +R—-N=C=N-R + Fe(CO)y —
m - (Ila—11d) :
s =
l
T
Ph_ - _ C-——-—CPh Ph C==CPh RN_ C—-C —N—R
A\C—_—_--C/V \C=C ' /:__ /C I
O=(l: . '(I:=NR N RN'—Cl Cl:——NR + R—N-—C C C=—=0
’ \N/ \T/ : ﬂ: Ph
' fl"' R l
(Ia-md) (Ta-12c) ' (La-¥c)

(a:R= =phenyl, b R= p—tolyl c:R= p-chlorophenyl, d: R=cyclohexyl)

The phenylethynylpyrrohnone IITa is formed by CO insertion into the equi-

molar adduct of T and IIa, its structure having been determined from the following
‘spectral data and, in addition, from the NMR spectral data for the hydrogenation
product VI The IR spectrum of I1Ia exhibits absorption maxima corresponding to the
C=C, C=0 and C=N groups at 2220, 1725 and 1660 cm ™%, respectively while the mass
spectrum exhibits a molecular ion at m/e 424 (C30H,,ON,, calcd.: 424). Two forms,
11la and I1Ia’; are possible for the structure of this compound and hence in order to
confirm whether the Ph—N=C or the C=0 group is attached to the C-1 position of I,
hydrogenation of III has been carried out in the presence of palladium on carbon as a

Lph_ - . .C==CPh
e

A Ph—n=—=C__c=0

; “_ Ph

N €114 0‘5 .
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Ph\1 _ 2/CH2CH2PhV \1 CHzCHzPh
- . CH——CH ) CH—CH .
Pd—C SRER .
- (e Hp, EtOH 5l 5
2,
= — PANH-—CH C==
: 0‘ C\N/CH .N:th' - NH=— \ =0 i
Ph ' / I!'h
(=) (me*) S (=)

catalyst. 5-Anilino-1,3-diphenyl-4-phenethylpyrrolidin-2-one (VI) was the sole pro-
duct and was isolated in 25 % yield. The NMR spectrum of VI exhibits two protons
as a complex multiplet centered at § 1.50, assigned to the hydrogen at C-3, a triplet at
2.48 assigned to the C-4 methylene protons, a single-proton complex multiplet
centered at 2.95* assigned to the hydrogen at C-2, a single-proton doublet at 3.93
assigned to the hydrogen at C-1, a single proton as a broad peak centered at 4.10
assigned to N—H and a single proton as a broad doublet centered at 5.64 assigned to
the hydrogen at C-5. The 6 4.10 peak disappeared upon addition of D, O and the broad
doublet at 5.64 changed to a sharp doublet. The presence of the doublet due to the C-1
proton of VI provides strong evidence in favour of the structure, since the hydrogen at
C-1 would not appear as a doublet in the corresponding spectrum of VI'. Thus the
NMR data for the hydrogenated compound are consistent with structure Illa.
The bis(phenylimino) pyrroline IVa was formed as the adduct from the reaction
of one mole of I and two moles of I1a through the elimination of one N-Ph group, the
structural assignment being based on IR analysis (C=C at 2220, C=N at 1660 and
1630 cm ') and mass spectra (M™* m/e at 499) and on elemental analysis. ‘
The spectral data for bipyrroline Va [IR 1730 (C=0), 1660 and 1630 cm ™!
(C=N); mass spectrum m/e at 721 (M™)] indicate that Va contains two types of
pyrroline rings similar to those in phenyliminopyrrolinone I1la or bis(phenylimino)-
pyrroline I'Va. It is therefore not unreasonable to assume that subsequent reaction of

[N
Ph——N=—=C—C C——N—~Fh
Ph—N—=C \c—-———c——N Ph

l |

N Ph

|

Ph

(Xa)

* The NMR spectrum of the 4-substituted pyrrolidin-2-one shown below exhibits a H, proton signal
at high field similar to that of the C-2 proton of VI*%.

H,
b\c C\
[ I Me 773 —81 (Hq and 2Hp, multiplet)
e . N
o-———c :
—c e

" OCOMe
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- TABLE 1.

'»":REACTIONS OF DIPHENYLBUTADIYNE (I) W]TH CARBODIIMIDES (IIa—d) IN THE PRES- :
: ENCE OF lRON CARBONYLS . .

Cal R—phenyl,b R—p-tolyl,c R p—cb_lorophenyl,d R cyclohexyl

Expt_'Na_. . R S ) - Reactant (mole) e ' Teﬁzp." : Time‘
~ O W
, I RN=C=NR - Fe(CO)s S
1 - Phenyl - o004 008 . 008 160 .45
. 2.7 - -Phenyl .- <0 0028 © 003 - 0028 . 160 .30
273, 7 Phemyl . 0025 005 B 0.025. 185 15
-4 7 " Phemyl - 003 006 006 210 55
o550 o  Phemyl s -0.015 0.03 : 4 - 110 5.0
B A = . Phenyl - - .7 - 001 - 002 - I S 164 6.0 -
%% - - Phemyl . . . 0005 001 - LA 164 - 6.5
8 -~ - . Phenyl o 002 . 0.04 04 155 .40
9 . . Phenyl . 001 001 i 160 1.0
10 77 p-Tolyl-- 0.008 0016 ’ - 0016 ' 155 50
11 o p-Chlorophenyl -.0.02 003 - 0.02 7 186 40
12 - . -~ Cyclohexyl .~ - 0.015 003 -:- 0.03 180 - 40
13 . .- Cyclohexyl . - 0025 0.05 x 110 50
Pradu’ét, yield“’ l(%») ‘ »
i
| - T 0
Ph -~ C=cPh. * Ph__. C==CPh -
'\(':____(,:/ - '\T_T/ : R—N=c—c\\ /c—N_p
;c\-N _C==N—R - R—N==C._ _C=N—-R R_l_ \\c—c——
:Iz", : : A . T ©  Ph
R
0da-O1d) . (I¥ a-TZc )
. (¥a-¥c)
28 A 1 14 (219
28 : 1(2p ' 10 (297
15 7 ‘ 2 , 34 (51
4 1 37 (56)°
16 ' 3 7(11)
';12 : - ’ 10 3(5)Y
50 . 2 : 7(11p
e S200 , .
Al e e ‘ - 13 (200
2200 2 ' : 469 . I 48y
4 IR , ‘ v
,14.'

_%BasedonI.® Based on mrbodumlde c Toluene used as solvent. ¢ Fe3(CO),» (0 005 mole) used mstead of )
‘Fe(CO)s.* Mesltylene used assolvent.f Fe(CO),PPh;, (0.01 mole)ised. ? Fe(CO),(PPh;){0.005 mole) used. .
- KCompound VIII was obta.medm 29%; yield. ! PPh;(0.004 mole) added to the reaction mxxture JFe (C0)4 )
{(CN—Ph) (0 o1 mole) used Fe;,(CiO)l 2 (0 00% mole) used. . , o
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i IIIa or IVa, formed in situ in the ﬁrst step, with ITa in the presence of Fe (CO)S wou]d :
- result in the formation of bipyrroline Va. Two isomeric structures, Va and Va’, may
also be visualized for this compound. In order to cla.nfy the formation pathway and
-the structure of the product, the following experiments were performed. Reaction of
II1a, isolated from the above reaction, with ITa in the presence of Fe(CO); was under-
taken under similar conditions to those used above to give the blpyrrohne Vain 29%
yield. However, the same reaction using IVa instead of I1Ia gave neither bipyrroline
Va nor any other significant products. These results indicate that the bipyrroline Va
is derived from IIlIa and has a structure as shown above. In addition, the pyrrolinone
IIfa also gave the con'espondmg bipyrroline VII when reacted with dl-p-tolylcarbodl-
- imide (IIb) in the presence of Fe(CO)s (3474 yield).

Th
T
N=—=C C, C N—~FPh
Ifa « ArN==C—=NAr Fe(COls }—C/ | R
Ar N—C \\I: C=—=0
Ar
Fe(CO)s (Za,¥I)
INa-+Ila -~ (XZa:Ar= Phenyl;

Yi:,Ar=p-Tolyl)}

: The results of the reaction between I and ITa under varying conditions are
summarized in Table 1. In the reaction using Fe(CO) at 160°, the phenylethynyl-
pyrrolinone IIla was obtained in good yield (28 9%;). The same reaction at higher
temperatures (185 and 210°) resulted in lower yields of I11a (15 and 4%/, respectively).
In contrast, the yield of bipyrroline Va was improved as the temperature increased
(Expts. 1-4). These results suggest that the pyrrolinone IIIa, formed in the first step,
reacts further with ITa and Fe(CO)s more readily at a higher temperature to afford the
bipyrroline Va in good yield.

A similar reaction using Fe;(CO),, instead of Fe(CO)s gave the pyrrohnes
IITa and Va in 16 and 7%/ yield, respectively.
Although the pyrroline IVa could only be isolated in relatively low ylelds from
" reactions similar to those above using Fe(CO)s or Fe3(CO),, (Expts. 1-5), the yield
of IVa was increased to 10% when tetracarbonyl triphenylphosphine iron: was
employed. In this case, the pyrrolines IIla and Va were also obtained in 12 and 3%/
yield, respectively. The same reaction using tricarbonyl bis (triphenylphosphine)iron
“gave a 29% yield of compound VIII instead of the above pyrrolines. Compound VIII
" was shown to be the 1/1 adduct of I1Ia and IIa on the basis of its mass spectrum and-
elemental analysis, and could be obtained independently from the uncatalyzed
reaction of ITTa with I1a at 185° (67% yield). The structure of this. compound has yet
C.to be determmed ' -
' When tnphenylphosphme is added to a reactlon mlxture con31st1ng of I IIa '
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/c——cph
[
o——ng _GC=0
{ ,
R -
(a-TId) (IZ a-T¥c) (IKa-IXd)
_ Compound R’ Recrystallisation M.p.
- e solvent® (9]
No. R
Ila " - Phenyl A,B,C 170-171
1 )1- 3 p-Tolyl - A,B,C 190-191
IIIc - p-~Chlorophenyl AC 167-168
Iid Cyclohexyl D 147-148
Iva ~ Phenyl A,C 237238
IVb - p-Tolyl . A,B,C 184-185
IVc . p-Chilorophenyl AC 177-178
IXa Phenyl s AC 172-172
5743 p-Tolyl A,C 169-170
Xc - p-Chlorophenyl AC 203
Xd - Cyclohexyl : B 78
Va Phenyl Phenyl A,C 231-232
Vb p-Tolyl- p-Tolyl AC 241
Ve - p-Chlorophenyl - p-Chlorophenyl A,C 274
VI Phenyl. - p-Tolyl “AC 241-242
Xa - Phenyl Phenyl AC 229-230
Xb- p-Tolyl’ - "p-Tolyl - A,C 130
Xc _p-Chlorophenyl -~ p-Chlorophenyl A,C 245-246
XI . Phenyl ~ pTolyl . AC 159-162
Formula " Analyses
Found (%) Calcd. (%)
C H N . C H N
. vC3°H2°0N2 S 8493 4687 654 8488 - 475 660
© CyH,,ON, -~ °° © 8490 ° 515 619 .. 8493 535 619
: C;.,DH,,,ON;CI;“ 7312 349 © 585 .. .7303 . 368 . 568 -
" C30H3,0ON, .. . ..8266 . 734 ..625. 8253 739 642
©CaeHasN3- . " 8665 538 . 822 86.54 . 504 841
. CasHyy T.oT: 8636 . 5627 806 8647  5.77 7.76
g (:36 2N.Cl 7152 3430 714 o 7171 3687 697
: JHiON- 708268 - 437 - 407 - 8250 - 433 401
) A_Cst;-,‘O'zN_'. o 8261 - 454 3960 . 8262 . 472 - 385
. CoH zO,NCI; ©.  7526° . 348 -~ 374 . 7510 - 368 365
H; 0,N 0 8120 600 3.66 81.10 - 596 - 394

I (éqntinuéd) :
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‘TABLE 2 (contd)

: Formula . Aﬁélj:ses ‘ :
Found (%) Caled. (%)
c ~H N ¢+ -.H N
'CsoH350N; 8334 475 955 . 8319 480 = 970
CssHysONg 8348 545 8.73 8341 . 573 8.84.
‘CsoH300NCl5s 6741 © 331 7.87 67.17 3.38 7.83
Cs;H,,ON, 8320 523 944 8333 541 917
Caz:H,00N,- - 7729 398 - 578 7740 . 406 . 5.64
C3.H,,O,N, 7772 471 548 7785 .461 534
C3,H,s04N,Cl, 68.07 3.00 5.01 6797 321 496.
Ci3H,,0,N, 7790 443 536 77.63 434 549
Bipyrroline
R
Ph II!II Th o)
R—N=—=C C: R O=Cc— —-N—~R
N/ \_ /L
D VRN
R— ——clzl <l:—c= R—N Li cl: C==0
N Ph o] Ph
L
5
(¥ a-¥c, V) (Xa-Xc,ZT)
Colour IR® (Nujol)(em™1)
C=C C=0 C=N
Orange needles 2220 m 1725s 1666 s
Orange needles . 2210m 1730s 1650 s
Orange needles 2220 m 1730s 1660 s
Yellow crystals 2190m  1710s 1640s
Red needles 2220 m 1660 m, 1635 s
‘Red needles 2210 m 1660 m, 1630 s
Orange needles 2220 m 1660 m, 1630s
Yellow needles 2210 m 1770 m, 1710 s .
Yellow needles 2210 m 1770 m, 1715 s
Yellow needles - 2220m  1765m,1715s
Yellow needles - 2190 m 1765 m, 1700 s
Orange needles - 1730s 1660 s, 1630 s
Orange needles- 1725 s 1655, 1625 s
Orange needles 1730 s 1660s, 1630s.
Orange needles 1725 s 1655 s, 1625 s .
Yellow needles 1770 m,1710s -
~ Yellow needles 1770 m, 1710's
-~ Yellow needles : :1770 m, 1710 s
" Yellow needls g ©.1770 m, 1710 s

"A benzene—hexane, B= EtOH, C= benzem.LEtOH D= hexane bA rough mdlmnon of the absorpuon
; mtensny is given by the symbols s, strong - m, medium. S
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- and Fe(CO)S at 155° (usmg a PPh:,/Fe(CO)S molan ratlo of 0. 1/1) the pyrrohnone .
“1Ha’is the main product (50%;-yield), the yield of bipyrroline Va being poor (7%)-
- (Expt. 8) The reason for th.lS is not obvmus and further studles are necessary to clanfy :
I thlS pomt. . '
N “The: reactlon of I W1th dl-p-tolyl or d1-p-chlorophenyl carbodum1de (IIb or Hc)
) affords three types of pyrrolme derivative (I1Ib, IIIc, IVb, IVc; Vband Vc, respectively)
correspondmg to those obtained with I1a; as shown in Table 1. In a similar reaction
-using dlcyclohex‘dcarbodumxde (IId), the phenylethynylpyrrolmone IIId. was-ob-
- tained in 14 /o yield, but pyrrolmes correspondmg to IVa or Va were not observed
, (Table 1).-
: The acxd hydroly51s of phenylethynylpyrrohnes IIIa—IIId and IVa—IVc gave
: phenylethynylpyrrohne-2,5-dlone derivatives IXa—IXd quantitatively. The bipyrrol-
_’ines 'Va—V¢ and VII were sxmﬂarly hydrolyzcd to the corresponding bipyrroline-
2 2',5, 5’-tetrones Xa—Xc and XL - _
: -Data relating to the charactenzatlon of these various pyrrolmes are glven in
Table 2. : :

PhC== Ph
B /
: : HpO - o=
(Ila-IId, I¥a - IZc) e ] |
L ' o=C__ N/c——-o—
b
(IXa-IXd)
T
. - O==C——C C—N—~R
i . H20 l \\ / I : !
(¥ a-XcXit) e C—C .
_ H / N\
Rz-—N—I(l? c': C==0
o Ph
(Xa-XcXI)

(a ‘R, —Rz—-phenyl, b: R;=R,=p-toly], ¢c: R;=R,=p-chlorophenyl, d: Rl--
cyclohexyl XI:R,=phenyl, R,= p-tolyl)

M echamsms for the furmatmn of pyrro: ines Illa—I1ld, IVa-iVc, Va—Vc and VII
It is well known?® that the reaction of acetylenic compounds (including diyne I
* which was used in this studyﬁ) with metal carbonyls affords a variety of stable organo-
‘metal carbonyls and cyclic organic prcducts, and it is generally considered® that the
first step in the reaction is the substitution of carbon monoxide ligands by one mole of
 acetylene. In this case, it is assumed tha the “doubly o-bonded” iron complex®* XITa,
;m1t1a11y formed in the substitution reaction of I with Fe(CO)s, plays an important
role in the formation of the various carbonylation . products, i.e.. phenylethynyl-
~ pyrrolinones 1ITa-111d, the most probable reaction path being that depicted in Scheme
1. Insertion of the ca.rbodunfudes (ITa-TId) into the C;~Fe bond of complex XIIa gave
_ complexXIIIa, which was converted to the pyrro]mones (IIIa—IIId) by CO msertlon '
- followed by rmg closure . : o , A .
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co T REREE {o=—=c——m(cor,s |~ T m e
" M(CO), +-ArNCO —— = . I I o U mTT=.C0p £ ArN==C==M(CO); ,
o s O C==N—Ar ‘ : S

On the otuer hand, it has been reported7 that the reactlon of aryl 1socyanates
w1th various metal carbonyls gives CO, and 1socyamde metal carbonyl complexes
(albeit in poor yield). It is therefore possible that the reaction of diaryl carbodiimides .
with Fe(CO)s follows the same route, yielding aryl isocyanates (which are subsequently

SCHEME 1
: Fe(CO)s,(XIZ)
' , ]
Fe(CO)g + MAr——N=—=C==N—Ar -—-——[Fe(co)s_m (CNAr)m] om [Ar—N=C=O]

(X1T7)

+ PhC=C—X|[-CO

Ph\
-CO
Fe{(CO); » PhC==C-—C==CPh ” Fe(CO)4_mb-m
C2
(1) /
X
(XOa, X0 b) Tr
I
+ RN==C==NR VAR e
¢
'I’ Ph
Fe(CO)s_pml (XTa,XWa: X= — C==CPh, L= CO,m=1;
N/ ' X b,Xmb: L = CNAr)
(XIIT a X1 b)
PhC==C. Ph X - Ph
. \C—_c/ \C——C/
ZIlIab CO insertion - l X ArNC insertion :
» RN=C\N _c=o0 - » - ‘RN=C\N» C==Nar 7
R ' o R .

(Mo-md) -~ - S (IMe-I¥e,¥a-X¥e, )
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rireconverted to the ca.rbod11m1des by catalysxs w1th Fe(CO)57) and ary] 1socyan1de
' _denvatlvesofn:onca.rbonyl,ze.Fe(CO)s m(CNAr),,, XIV. On the basis of this scheme,
it maybe suggested that the isocyanide ligand rather than CO is incorporated into the
,products to give the bis (a.ryhmmo)pyrrohne ring compounds IVa-IV¢, Va-Vc and
“VIL To test this suggestlon, reaction of diacetylene I* or pyrrolinone Illa with -
carbodiimide 1Ia in the presence of the isocyanide complex Fe(CO),(CN—Ph) has
been studied when' the - expected products, ‘phenylethynylpyrroline: IVa and bi-
_pyrroline ‘Va, were obtained in good yield, i.e. 20 and 35%;, respectively (Table 1).
‘Hence, the pyrrolines mentioned above are apparently produced by an isocyanide
insertion pathway similar to that shown in Scheme 1 and involving the formation of
the intermediate complexes XIIb and XIIIb from the isocyanide complexes XIV as
depicted. R

;
R\N/ C\N/R

Fe(CO)3

R— N=—=C=—N—R - Fe(CO)s

(C0)3Fe
(R = isopropyl, cyclohexyl) (X¥)

In addition, it has been reported® that dialkyl carbodiimide reacts with
Fe(CO); to give the guanidino-diiron carbonyl complex XV. In the reaction of
diphenylcarbodiimide (ITa) with Fe(CO);s studied in this work, complexes of type XV
" were not isolated although the isocyanide complex Fe(CO)4(CNPh) was obtained in
poor yield (see experimental section).

The reaction of phenylisocyanate® or diphenylketene* with diacetylene I has
been attempted in the presence of Fe(CO)s, but the expected carbonylation products
or any well-defined adducts were not obtained.

'EXPERIMENTAL SECTION

All melting points were determined on a Yanagimoto micro melting point

apparatus and are reported uncorrected.
Infrared spectra were measured using a JASCO IR-E spectrometer. Proton

magnetic resonance spectra were measured using a JEOL LNM-3H-60 spectrometer
with CDCl, as the solvent and using TMS as the internal standard. Mass spectra were
measured using a Hitachi RMU-6E spectrometer.

i All reactions were carried out under a nitrogen atmosphere using a 50 ml four-
necked flask equipped with a mechanical stirrer, reflux condenser, dropping funneland ’
‘nitrogen inlet. Chromatographic separations were carried out using activated neutral
alumina columns. ' :

M atenals
Fe(CO)s and dlcyclohexylcarbodumlde were purchased from a commermal
~ source. D1phenylbutadlyne9 diaryl carbodnm1des Fes (CO)lz % Fe(CO),PPh,'!,

*.In this reaction, II_Ia or Va was not 1solated.
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Fe (CO)3 (PPh3 ).'T and Fe (CO),(CNPh)'? were prepared according 0 previously
outlined procedures. Mesitylene and toluene were dried by refluxing over sodium and

fractlonated

Reactions af diphenylbutadiyne (I ) with dzphenylcarbodumzde (I a)

A mixture of I (0.04 mole), ITa (0.08 mole) and Fe(CO)s (0.08 mole) was stlrred :
at 160° for 4.5 h. After removal of the remaining carbon monoxide under reduced
pressure, the reaction mixture was extracted with 200 ml of benzene, concentrated
in vacuo and the residue chromatographed. The first fraction (1/1 hexane-benzene
eluent) was concentrated in vacuo and recrystallized from benzene-hexane to afford
0.2 g of IVa : mass spectrum (70 eV) m/e 499 (M *), 422, 407, 396, 305, 202. The filtrate
was concentrated and the residue was recrystallized (ethanol-hexane) giving trace
amounts of an orange-coloured crystalline diacetylene iron carbonyl complex having
the formula Fe,(CO)s(PhC,Ph),. This complex had m.p. and IR in agreement with
the literature value® : m.p. 181-183° (dec.); IR (Nujol) 2225, 2190 (C=C), 2075, 2050,
2000 and 1950 cm ™! (C=0). The second fraction (1/3 hexane-benzene eluent) upon
concentration and recrystallization from benzene-hexane gave 4.7 g of IIla: mass
spectrum (70 eV) m/e 424 (M ™), 396, 347, 305, 230, 202. The third fraction (benzene and
ether eluent) upon concentration and recrystallization from benzene—hexane afforded
4.4 g of Va : mass spectrum (70 eV) m/e 721 (M%), 602, 527, 499, 424, 408, 396, 202. The
fourth fraction (ethanol eluent) was concentrated and recrystallized from ethanol to
give 5.9 g of N,N'-diphenylurea (35% yield) : a mixed melting point with an authentic
sample showed no depression?

Reactions involving 1, ITa and iron carbonyls using different experimental
conditions, as shown in Table 1, were carried out in a similar manner (vide supra).

Reactions using di-p-tolyl-, di-p-chlorophenyl- and dicyclohexyl-carbodiimide
were also undertaken as described above. After similar treatment, the following
products were isolated by means of chromatographic separation and recrystallization
(Table 1, 2) : 1-p-tolyl-3-phenyl-4-phenylethynyl-5-p-tolyliminopyrrolin-2-one (IIIb) ;
1-p-tolyl-4-phenyl-3-phenylethynyl-2,5-bis(p-tolylimino)pyrroline  (IVb), 1,1'-di-
p-tolyl-3,3’-diphenyl-2',5,5'-tris (p-tolylimino)-4,4'-bipyrrolin-2-one (Vb), 1-p-chloro-
phenyl-3-phenyl-4-phenylethynyl-5-p-chlorophenyliminopyrrolin-2-one (Illc), 1-p-
chlorophenyl-4-phenyl-3-phenylethynyl-2,5-bis(p-chlorophenylimino)pyrroline (IVc),
1,1’-di-p-chlorophenyl-3,3-diphenyl-2’,5,5-tris(p-chlorophenylimino}-4,4’-bipyrrolin-
2-one (Vc), 1-cyclohexyl-3-phenyl-4-phenylethynyl- 5-cyclohexy11mmopyrrol1n-2-one
(ITI1d). ,

Reactions of phenylethynylpyrrolinone 111a with diphenylcarbodiimide (1Ia) in the
presence of iron carbonyls ' ’
~ . A mixture of IIIa (0.001 mole), IIa (0.002 mole) and Fe(CO),(CNPh) (0.0015
mole) in 2 ml of mesitylene was magnetically stirred at 185° for 2 h. After removal of the
solvent, the reaction mixture was dissolved in 10 ml of benzene and the solution was
chromatographed. The fraction (benzene eluent) upon concentration and recrystalli-
zation from benzene-hexane gave 0.25 g of Va (359 yield). Compound Va was also
-obtained in 29% yield (0.2 g) from the reaction between IIla (0.001 mole) IIa (0 002
mole) and Fe(CO)s (0.001 mole) at 180° for 3.5 h.-
~- . - Theattempted reaction of IVa (0.001 mole) with Ila (0 002 mole) inthe presence
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. of Fe(CO)5 (O 0015 mole) in 5 ml of m&sltylene at 170° for 5 h gave no s:gmficant
7 products R _

- 1,3, 3’ Trzphenyl— '-p-tolyl-2’ 5’-bts(p-tolylzmmo)—5-phenyhmmo-4 4'- btpyrrohn-2—one
vin

- Amiixture of IiTa (0.002 mole), dx—p-tolylcarbodumxde (0 004m01e) andFe (CO) 5
(0 002 mole) in mesitylene (6 ml) was magnetically stirred at 164° for 6 h. After similar
treatment as above, 0.5 g of VII was isolated by Chl'uma.tugl'a.phlc separation (349

yleld) ‘mass spectrum (70 eV) m/e 763 (M ™).

-Amlmo—1,3-dlphenyl-4-phenethylpyrrolldm-2-one (vIl)

The hydrogenation of IfIa (0.6 g) in 300 ml of absolute ethanol over 5% of
palladium on carbon (10 g) at 6 atm hydrogen pressure was undertaken at rcom
temperature over a period of 24 h. After filtering off the catalyst, the solution was
evaporated and the residue recrystallized from benzene—hexane to afford 0.15 g of VI
(2594 yield) : white needles, m.p. 176-177° ; IR (Nujol) 3320 (N-H), 1690 cm~ ! (C=0);
mass spectrum (70 eV) m/fe 432 (M ™), 340, 326, 248, 234, 220, 208, 206, 143, 129, 117,
115; NMR (CDCl;) 6 1.50 (m, 2, PhCH,CH,CH), 2.48 {t, 2, J 7.5 Hz, PhCH,-), 2.95

(m, 1, -CH,CHJ), 393 (d, 1, J 9.0 Hz, PhCHCO) 4.10 (broad, 1, N-H), 5.64 (broad

d, 1, N=CH), 6.30-7.45 (m, 20, C¢H ). Upon addition of D, O, the broad peak at § 4.10

disappeared and the broad doublet at 5.64 became a sharp doublet (J 6.0 Hz). Anal.:

Found:C, 83.37; H, 6.27; N, 6.35%. C30H,sON, calcd.: C, 83.30; H, 6.53; N, 6.48%.
No other compound was isolated from the filtrate.

Acid hydrolysis of the pyrrolines I111a-111d, IVa—-IVe, Va-Vc and VII

* Either ITIa—II1d, IVa—-IV¢, Va—Vc, or VII (0.3-0.5 g) was dissolved in 30-50 ml
of ethanol and 10 ml of concentrated hydrochloric acid added. After refluxing for 1-2h
on a steam bath, the reaction mixture was cooled, extracted (benzene and ether), dried
(MgSO0,), concentrated and recrystallized (benzene-hexane) giving IXa-IXc (from
ITIa-IIIc and IVa-IVc), IXd (from IIId), Xa-Xc (from Va-Vc¢), or XI (from VII).
Hydrolyses were quantitative. The nomenclature of the products obtained is given
below: 1,4-diphenyl-3-phenylethynylpyrroline-2,5-dione (IXa), 1-p-tolyl-4-phenyl-3-
" phenylethynylpyrroline-2,5-dione (IXb), 1-p-chlorophenyl-4-phenyl-3-phenylethynyl-
pyrroline-2,5-dione (IXc), 1-cyclohexyl-4-phenyl-3-phenylethynylpyrroline-2,5-dione
(IXd), 1,1"4,4"-tetraphenyl-3,3"-bipyrroline-2,2’,5,5'-tetrone (Xa), 1,1’-di-p-tolyl-4,4'-
d1pheny1—3 3’-bipyrroline-2,2'5,5'-tetrone (Xb), 1,1 d1—p—ch10ropheny1—4 4'-diphenyl-
3,3"-bipyrroline-2,2’,5,5'-tetrone (Xc), 1-p-tolyl-1’,4,4'-triphenyl-3,3"-bipyrroline-2,2’,-
5,5 ~tetrone (XI)

The 1/1 adduct between IIla and IIa w1

: " Amixture of IIIa (0.4 g) and IIa (0.5 g) was magnetlcally stirred at 185° for 10 h.

" The mixture was cooled, dissolved in 10 ml of benzene and the solution chromato-
'graphed The fraction (using a mixture of benzene and ether as eluent) upon concen-
. tration and recrystallization from benzene-hexane gave 0.4 g of VIII (67 % yield) as
_orange needles, m.p. 284-286° ; IR (Nujol) 1715 (C=0) and 1655 cm~! (C=N); mass

; ,spectrum (70 eV) m/e 618 (M“‘") 590 (M —CO), 541 (M Ph), 499 (M PhNCO), 424
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(M — PhNCNPh), 396 (424 —CO) or (499 — PhNC), 321 (424— PhNC), 305 (424 —
PhNCO), 293 (321—~CO), 216 (293 —Ph), 202 (PhC,Ph), 180 (PhC=NPh). Anal.:
Found:C,8322;H,4.91; N,9.12%. C,43H;,N, O calcd. : C, 83.47; H, 4.89; N, 9.05%.

Reaction of diphenylcarbodiimide (I1a) with Fe(CO)s ’

A mixture of ITa (0.02 mole) and Fe (CO); (0.02 mole) was stirred at 160° for 5 h.
After removal of the remaining Fe{CO)s, the reaction mixture was extracted with 100
ml of benzene. The solid material (1.6 g) was removed by filtration. The IR spectrum
of this solid showed a strong band at 1645 cm ™! but the structure was not investigated
further.

The filtrate was concentrated in vacuo and the residue, whose IR spectrum
showed strong bands at 2140 (due to carbodiimide 11a) and near 2000 cm™?, was
chromatographed. The first fraction (hexane eluent) upon concentration in vacuo and
recrystallization from hexane afforded 0.1 g of Fe(CO), (CNPh)as yellow crystals (2%
yield). The complex had m.p. and IR in agreement with those of an authentic sample!Z.
The second fraction (benzene eluent) upon concentration and recrystallization from
benzene-hexane gave 0.4 g of the S-trimer of diphenylcarbodiimide as white crystals
(10%/ yield) : a mixed m.p. with an authentic sample showed no depression'“. The third
fraction (ethanol eluent) upon concentration and recrystallization from ethanol gave
1.3 g of N,N’-diphenylurea (319 yield).

A guanidino complex of type XV could not be prepared by a similar reaction.

When the reaction was undertaken at 190° for 2 h, similar results to those

described above were obtained.

Reaction in refluxing heptane over a period of 24 h was also tried using the
method described for dialkyl carbodiimide®. No complexes were isolated and ITa was
subsequently recovered by distillation (77% yield).
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