
MAY, 1963 NOTES 1427 

- 
E 1.4 
g 

a' , 1.2 

a" 

v - 

- 
an 

w 

+ 1.0 

cc 0 - 
3 

0.8 
ld 

0 
h - e 
' 5  0.6 
v - 
G 

3 

I 
8 0.4 

u - + 0.2 
H 

0 2 4 6 8 10 
Time, hr. 

Fig. 1.-First-order kinetic plot of titrimetic and polarimetric 
data for acid-catalized hydrolysis of ( - )-2-octyl ethyl methyl- 
phosphate. 

fissions can occur, the latter reaction involving nucleo- 
philic assistance from a water molecule (the A A L ~ ~  or 
A"2' mechanism), which seems unlikely. 

From the slope of the graph, kl=0.183 hr.-1. 

Experimental 

Materials.-Dioxane was purified by refluxing with hydro- 
chloric acid to hydrolyze any acetals, adding an excess of solid 
potassium hydroxide, decanting, drying over sodium, and finally 
distilling from over fresh sodium. 

Optically active octanol-2 was prepared by fractional crystal- 
lization of the brucine salts of the phthalic acid monoester, fol- 
lowed by hydrolysis and distillation.8 

( - )-2-Octyl methylphosphonochloridate was prepared in 79% 
yield by the reaction between ( - )-octanol-2 and methylphos- 
phonic dichloride in the presence of triethylamine in ether a t  
O O . 4  Specific gravity, 1.036; [cY]'~D -12.65' (from octanol-2, 

Anal .  Calcd. C ,  47.7; H, 8.8; C1, 15.7. Found: C, 48.1; 
H, 8.6; C1, 15.7. 

( - )-2-Octyl Ethyl Methy1phosphonate.-A 22.6-g. sample 
(0.1 mole) of ( - )-2-octyl methylphosphonochloridate was added 
slowly with agitation to 16.0 ml. (0.1 mole) of diethylaniline and 
30.0 ml. (0.5 mole) of anhydrous ethanol. The reaction mixture 
was then heated on a boiling water bath for 0.5 hr. The semi- 
solid pasty mass was allowed to cool and then shaken with 300 ml. 
of dry petroleum ether (b.p. 40-60"). The solid was removed by 
filtration and washed with more petroleum ether. The solvent 
was removed from the combined filtrate and washings and the 
residual oil distilled under reduced pressure; yield, 20.0 g. (85%), 
b.p. 73-74'/(0.2 mm.); specific gravity, 0.945; [CY]'~D -11.87' 
(from alcohol [ C Y ] ~ ~ D  -9.95'). 

Anal .  Calcd. C, 55.7; H, 10.5. Found: C, 54.8; H, 10.5. 
An attempt to prepare the same compound by the reaction of 

octanol-2 with ethyl methylphosphonochloridate in the presence 
of a tertiary base was unsuccessful, probably due to  the slow 
reaction with the octanol-2 which was recovered unchanged. 

Kinetic and Optical Activity Measurements.-The ester (2.36 
g.) was dissolved in 100 ml. of Ar benzenesulfonic acid'in 50% 
aqueous dioxane (v./v.) to give a 0.1 M solution of ester. Five- 
milliliter aliquots were removed with pipets and placed in glass 
ampoules and sealed. The ampoules were placed in an agitated 
oil bath maintainrd a t  100.2', and ampoules were removed for 

[CY]~OD -9.95O.) 

(6) C. A. Bunton, E. D. Hughes, C. K. Ingold, and D. F. Meigh. Nature. 

(7) A. A. Frost and R. G. Pearson. "Kinetics and Mechanism," 2nd ed., 

(8) A. I. Vogel, "A Textbook of Practical Organic Chemistry," 2nd ed., 

166, 680 (1950). 

John Wiley and Sons, Ino., New York, N. Y., 1956, p. 318. 

Longmans Green and Co., London, 1951, p. 489. 

analysis a t  suitable time intervals. The formation of acid was 
determined by rapidly cooling the ampoule and titrating the con- 
tents against 0.25 N sodium hydroxide using methyl red indicator. 
The change in optical activity was determined by placing the 
cooled contents of ampoules in the 2-dm. polarimeter tube and 
measuring the rotation a t  the sodium "D" line. 

The velocity constants for the acid production and optical 
activity change were determined using the equations, 

N m  2 303 log{- 1 and kl = - .log k l = - .  2 303 
t N m  - AVt t 

where Nt is the volume of 0.25 N sodium hydroxide required to 
neutralize a 5-ml. reaction mixture a t  time t ,  and at is the optical 
rotation of the reaction mixture observed in a 2-dm. tube at  time 
t ,  and also from the graph of log (Nor - N t )  or log (a0 - at) us. 
time, kl = -2.303 X slope of the graph. 

The optical activity of the alcohol produced was also measured 
after isolation; 10 g. of ester was heated with 50 ml. of 1 N ben- 
zenesulfonic acid in 50% aqueous dioxane at  100" for 6 hr. in a 
large sealed ampoule. The ampoule was cooled; the contents 
made slightly alkaline with sodium hydroxide and immediately 
extracted twice with ether. The ether solution was dried over 
anhydrous magnesium sulfate and the solvent removed. The 
residue was distilled in a microfractionation unit to give 3.0 
g. (55%) of octanol-2, b.p. 175-180" (lit. b.p. 178-179"), [ a l 2 0 ~  

-0.84' (the octanol-2 used in the ester preparation had [ c Y ] ~ ~ D  
-9.950). 
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It is well known that carboxylic acids add to carbo- 
diimides2 and recently acetyl chloride was shown to do 
 SO,^ although the products are unstable a i d  tend to de- 
compose to the starting compounds. We have found 
that phosgene, which has not previously been reported 
as taking part in addition reactions with cumulative 
double bondsI4 also adds readily to aliphatic and aro- 
matic carbodiimides to give KIN'-disubstituted chloro- 
formamidine-Y-carbonyl chlorides (I), which are re- 
markably stable as illustrated by their distillation in 
vacuum without decomposition. 

R--S=C=X;-R + COCl? + 
0 
II 
C 
/ \  a. 11 = n-butyl 

b. R = cyclohexyl It-K c1 
\ C. R = 0-tolyl 

C=N-R 
1 
c1 
I 

The structure of the 1:l addition products was es- 
tablished by elementary analysis and infrared spectro- 
scopy. The infrared spectra of I show C=O absorp- 
tion a t  5.73-5.75 p and a C=N absorption a t  5.98- 
6.0 p.  

(1) To a h o m  inquiries should be directed. 
(2) H. G. Khorana, Chem. Rev., 63, 145 (19.53). 
(3) K. Hartke and J. Bartulin, Angew. Chem., 74, 214 (1962). 
(4) While phosgene does not react with isocyanates, F. S. Frtwcett, C .  W. 

Tullock, R. D. Smith, and D. D. Coffman, Second International Symposium 
on Fluorine Chemistry, Estes Park, Colo., 1962, have observed that  car- 
bonyl fluoride adds t o  phenyl isocyanate. 
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The aliphatic members of the series were also ob- 
tained from N,N'-dialkylthioureas and excess phosgene. 
When this reaction is carried out with molar ratios of 
reactants, the products mere reported to be X,N'-disub- 
stituted chloroformamidine hydrochlorides (11) ,5 which, 
therefore, can be invoked as intermediates in the reac- 
tion involving excess phosgene. This is supported by 
the fact that I1 (R = n-butyl) reacts with phosgene to 
give a high yield of Ia. Furthermore, Ia  can also be 

COCln €8 e c o c i z  
R-NH-C-NH-R + [R-NH-C=NH-R]Cl + I a  

II I 
s C1 

I1 

obtained from N,S'-di-n-butylurea and phosgene in the 
presence of the intermediate in this 
case being the carbodiimide. 

coc12 COCIZ 

Et8N 
R-NH-C-NH-R + R-X=C=S-R -+ I a  a 

R = n-butyl 

We investigated the reaction of amines and hydrazine 
with IC. When it reacted with four equivalents of o- 
toluidine, the products were di-o-tolylcarbodiimide 
(84.7%) and some o-tolyl isocyanante ; both could arise 
from the decomposition of a common four-membered 
ring intermediate.? 

0 0 
I1 
C-SHR 

I '  
C-e1 

RNHz / + R-N 
/ 

It--N 
\ I 
c-e1 C-Cl 

\ 
R-N 

I1 
It--N 

A 

and/or 

Experimental8 

N,N-Dibutylchloroformamidine-N-carbonyl Chloride (Ia). A.  
From Di-n-buty1carbodiimide.-Phosgene was added to a solu- 
tion of 3.08 g. (0.02 mole) of di-n-butylcarbodiimide in 50 ml. of 
toluene at  room temperature. The temperature of the mixture 
rose to 45'. The unchanged phosgene was removed in a stream 
of nitrogen, and the solvent was evaporated to give 4.4 g. (98%) 
of Ia, b.p. 86" (0.5 mm.), n23~ 1.4718, i ~ ~ ~ ' 8  (infrared): 3.43, 
5.73, 5.98, 6.80, 7.35, and 8.05 p .  

Calcd. for ClaHlsC12K~O: C, 47.45; H ,  7.16; K, 11-06. 
Found: C, 47.60; H, 7.40; N, 11.17. 

From N,N'-Di-n-buty1thiourea.-Phosgene was added to a 
solution of 30.2 g. (0.16 mole) of N,N'-di-n-butylthiourea in 600 
ml. of benzene until the exothermic reaction stopped. The ex- 
cess phosgene was removed in nitrogen and the solvent evapo- 
rated to  give 39 g. (96.3%) of Ia. The infrared spectrum was 
superimposable on that of the Ia obtained, according to 
method A. 

C. From N,N'-Di-n-butylchloroformamidine Hydrochloride. 
-Hydrogen chloride was bubbled into a solution of 7.7 g. (0.05 
mole) of di-n-butylcarbodiimide in 77 ml. of benzene until the 
infrared spectrum of the mixture indicated the complete reaction 
of the carbodiimide. Then excess phosgene was added to the re- 
fluxing reaction mixture. After purging with nitrogen, 10.4 g. 

Anal. 

B. 

0 

c-c1 I 1  

I C  B 
R?J=C=N-R + R N C 0  t- J' 

R = o-tolyl 

Similarly, di-o-tolylguanidine (111) was obtained 
from the reaction of IC and alcoholic ammonia. Most 
likely, but not necessarily, I11 is formed by the addition 
of ammonia to di-o-tolylcarbodiimide. 

When hydrazine hydratc and IC reacted, 3-o-tolyl- 
amino-5-hydroxy-i-o-tolyl-1,2,1,4H-triazole (IV) was 
formed. 

C1 c1 K-N 
I1 II - \ /  

I 

O=h &=XR N2Hd.I120 HO-C C-XH-R 

N 

R 

'N' 
I 
R 

IV. R 0-tolyl 

At 180' IC, slowly generated phosgene but no carbo- 
diimide could be detected. However, a t  80' in the 
presence of hydrogen chloride, dissociation into carbo- 
diimide (strong infrared absorption a t  4.7 p) ,  iso- 
cyanate (weak infrared absorption a t  4.4 p ) ,  and iso- 
cyanide dichloride (weak infrared absorption at 11 p )  
was observed. 

(5) H. Eilingsfeld, M. Seefelder, and €1. Weidinper, Anoew. Chem., 73, 

(6) H. Ulrich, J. N. Tilley, and A. A. R. Sayigh in print. 
(7) One of the referees prefer not t o  involve the four-membered ring 

intermediate (C) but to decompose intermediates A and/or B concertedly 
to the products. However. we prefer to involve C in view of the tendency of 
similar derivatives (A,  B) to form four.membered rings. 

836 (1960). 

(91.6%) of Ia was obtained. The infrared spectrum was identical 
with that of the material prepared according to method A. 

N,N'-Dicyclohexylchloroformamidine-N-carbonyl Chloride 
(Ib).-Phosgene was added to a solution of 4.12 g. (0.02 mole) of 
dicyclohexylcarbodiimide in 50 ml. of ethylene dichloride a t  2". 
When the excess phosgene was removed with nitrogen and the 
solvent evaporated, 6.1 g .  (100%) of Ib was obtained, b.p. 
140-142" (0.8 mm.), 7 ~ ~ 3 ~  1.5132, X:l,"'8 (infrared): 3.43, 5.73, 
5.98, 6.88, 7.40, 7.83, 8.52, 9.45, 9.85, and 10.42 p.  

Anal. Calcd. for C1,HzzCI2N20: C, 55.05; H, 7.26; N, 9.17. 
Found: C, 54.99; H ,  7.20; N, 9.40. 

N,N'-Di-o-tolylchloroformddine-N-carbonyl Chloride (IC).- 
Phosgene (15 g., 0.15 mole) was added to a solution of 22.2 g. 
(0.1 mole) of di-o-tolylcarbodiimide in 200 ml. of ethylene di- 
chloride at  2'. The excess phosgene and the solvent were re- 
moved to give 31.7 g. (98.8%) of IC, n% 1.5851, i ~ ~ ~ '  (in- 
frared): 5.73, 6.00, 6.72, 6.85, 8.50, and 9.00 p .  

Anal. Calcd. for CleH14C12N20: N,  8.72. Found: N, 8.98. 
Reaction of IC with-o-Toluidine.-A 21.4-g. sample (0.2 mole) 

of o-toluidine in 21 ml. of dry benzene was added dropwise over a 
period of 30 min. to  a stirred solution of 16.05 g. (0.05 mole) of 
IC in 110 ml. of benzene. The mixture was stirred for an addi- 
tional 45 min. a t  room temperature and the precipitated solid was 
filtered off. The infrared spectrum of the benzene solution had a 
strong absorption band a t  4.7 p and a weak band a t  4.4 p.  The 
benzene was evaporated and the residue distilled to  give 9.4 g.  
(84.7%) of di-o-tolylcarbodiimide, b.p. 134-141' (0.4 mm.). 
The filtered solid was separated into o-toluidine hydrochloride, 

(8) Microanalyses by Schnarzkopf Ivlicroanalytical Laboratory, Wood- 
Inflared absorption spectra were determined using a Perkin- aide. N.  Y. 

Elmer Model 21 apeotrophotometer. 



AIAY, 1963 NOTES 1429 

and the water-insoluble di-o-toiylurea, m.p. 270" dec. The 
infrared spectrum of the isolated urea was identical with that of an 
authentic sample. 

Reaction of IC with Ammonia.--A 3.2-g. sample (0.01 mole) of 
IC was added to  methanolic ammonia. When the solvent was 
evaporated, the hydrochloride of S,?u"-di-o-tolylguanidine was ob- 
tained. From this, on treatment with aqueous sodium hydroxide, 
was isolated di-o-tolylguanidine (111), m.p. 183-185' (lit., m.p. 
179"). A solution of 1 g. of di-o-tolylcarbodiimide in 10 ml. of 
benzene was saturated with ammonia in the presence of 10 mg. of 
cupric chloride to give 74.5% of 111, m.p. 186-187'. Yo de- 
pression of the melting point was caused when samples of I11 pre- 
pared by the above methods were mixed. The infrared spectrum 
was identical with that of an authentic sample. 

Reaction of IC with Hydrazine Hydrate.--A 2.2-g. sample 
(0.007 mole) of IC was added to  1.44 g. (0.03 mole) hydrazine 
hydrate in a mixture of 20 ml. of tetrahydrofuran and 20 ml. of 
water. An immediate reaction took place. After the mixture 
had been stirred, with ice-cooling, 1.4 g. (737,) of 3-o-tolylamino- 
5-hydroxy-4-o-tolyl-1,2,4,4H-triazole (IV) had separated. It 
crystallized from benzene in white crystals, m.p. 198-199"; 

6.84, 7.27, i.62, and 11.61 p.  
Anal. Calcd. for C1GHlbYdO: C, 68.55; H, 5.75, S, 19.99. 

Found: C,  68.72; H,5.!16; N, 19.92. 
In a similar experiment, using benzene as the solvent, IV was 

ohtained in 8396 yield. IV is soluble in dilute sodium hydroxide 
and it could be reprecipitated by acid. 

Acknowledgment.-The authors wish to thank RiIr. 
B. Tucker for his valuable help with the experiments 
and Afr. F. Geremia for the determination of numerous 
infrared spectra. 

XCHCla (infrared): 2.96, 3.20, 3.30-3.40, 5.84, 6.17, 6.28, 6.48, 

The Structure of Nidulin 

B. K. BYCROFT ASD JOHN C. ROBERTS 

Uepurtrnent oj" C'hetnzdry, l'he C'naoeroztg, .Yottzngiuiii, England 

llecezved .\'oveniDer 27, 1862 

S i d u l i ~ i , ~  the chief chlorine-containing metabolite of 
a non-ascosporic strain of Aspergillus nidulans, has 
been a l l ~ c a t e d * ~ ~  structure I. Shortli after the 
publication of our last paperI3 Beach ai!d Richards 
claimed4 that nidulin should be represented by structure 
11. hlthough we still maintain that the evidence which 
wc Iiava already p r e ~ e u t e d ~ ~ ~  is sufficient to establish t.he 
(:orrectnass of our st'ructure, we present the fullo\\-iiig 
Ltdditioiial arguments ill favor of structurc I. 

(1) I?. hf. Dean, A .  Robertson, J. C .  Roberts, and IC. 13. Rapcr. .\-alum 
(London). 172, 344 (1963). 

( ' )  F. M. Dean, J. C. Roberts. and A .  Robertson. J .  Chem. Soc. ,  1432 
(1954). 

(3) F. hl. Dean. D. R. Deorha, A. D. T. Erni, D. W. Hughes, and J. C. 
Roberts, ibid. ,  4829 (1960). 

(4) W. 14'. Reach and J. 11. Richards, J .  Org. Chem., 26, 1339, 3011 (1961). 

C1 I 
C z C H C H 3  
I 

I CH3 

CH3 CH3 

I11 IV V 

a. R =-C( CHa)=CHCHt 
b. R=-CH( CHs)z 

Degradation of nidulin under strictly defined condi- 
tions3 yielded nucleus B as a dihydroxybenzoquinone 
lvhich we have f ~ r m u l a t e d , ~  on the basis of analysis, 
color reactions, and ultraviolet absorption spectrum,5 
as IIIa. If nidulin had possessed structure 11, then the 
degradation product would have had structure Va. We 
have now compared (see Table I) the ultraviolet and 
infrared absorption spectra of the degradation product 
IIIa with the corresponding spectra of dihydroxy- 
thymoquinonea (IIIb) and of 3,5-dihydroxy-2,6-di- 
methylbenz~quinone~ (V; R = CHI). We also re- 
cord (see Table I) the spectra of monohydroxythymo- 
quinone6 (IVb; X = H) and of the chloroquinone 
(IVa; X = C1) which is obtainable3 as a degradation 
product of nidulin. The three last-mentioned qui- 
nones, as expected,* show two carbonyl bands in their 
infrared spectra. (The two bands are not clearly re- 
solved in the solution spectra of the chloroquinone and 
of 3,5-dihydroxy-2,6-dimethylbenzoquinone.) 

Information from the ultraviolet absorption spectra 
does not differentiate clearly between the two pos- 
sibilities for the nidulin degradation product (IIIa or 
Ya). However, the evidence from the infrared ab- 
sorption spect'ra establishes unequivocally that the 
degradation product has structure IIIa. Hence the 
chloroquinone has structure IVa (X = C1). We 
maintain, t~herefore, that iiidulin is correctly repre- 
sented by structure I. 

(5) Cf. W. Flaig, T. Ploeta, and -4. Iiullmer. Z. Nalnrforsch., 10B, 668 
(1955). 

( 6 )  T. Zincke, Ber., 14, 92 (1881). 
(7) H. Brunnmayr. Monufsh., 21, 9 (1900). 
(8) C/. P. Souchay, F. Tatibouet. and P. Barchewitz, J .  Phys.  Radium. 

16, 533 (1954). 

TABLE I 
Infrared absorption spectrumb 

(0-H and C=O stretching vibrations), 
wmaX in cm. -1 

Ultraviolet absorl~tion 
spectrum" (EtOH), 

(~u1111,o111111 .\-X in rnp (loa e) Disk (IiBr) Solution (CHCls) 

I I Ia  287 (4.24), 436 (2.40) 3310, 1617 3365, 1642 
I I Ib  293 (4.31), 435 (2.36) 3319, 1616 3327, 1640" 
IVb ( X  = H) 
1Va (X = C1) 

V (R = CHI) 

267 (4.16), 404 (3.01) 
278 (4.15), 334 (3.24) 

405 (2.77)d 
297 (4.26), 426 (2.26) 

Taken on a Unicnm S. P. 100. 

3252, 1668, and 1643 
3411, 1665, and 1655 

3417, 1660, and 1641 

3431, 1662, and 1645 
3431, 1662, and 1654d 

3476, 1653, and 1641jd 
a Taken on a Unicam S. P. 500. Compound IIIb is only sparinglp soluble in chloroform. It is 

more soluble in bromoform and a solution in this solvent showed a single carbonyl peak a t  1637 cm.-'. Shoulder. 


