
T H E  TETRAHYDROPHTHALIC ACIDS 

ROBERT E. BUCKLES 

Department of Chemis try ,  State  Universi ty  of I o w a ,  Iowa  City, I o w a ,  and  Research Center,  
Yalionrzl  Aniline Divis ion,  Al l ied Chemical and Dye  Corporation, Buflalo, N e w  York 

Received November 14 ,  1956 

CONTEXTS 

I. Introduct ion. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  641 
11. Structure and identity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  641 

111. Stereochemistry.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  643 
IV. Physical properties of the acids and their derivatives.. . . . . . . . . . . .  . . . .  645 

A .  Properties of the acids and anhydrides . ,  . . . . . . . . . . . . . . . . . . . . . . . . .  645 
B. Properties of derivatives other than anhydrides . . . . . . . . . . . . . . . . . . . . . . .  646 

V. Uses of the acids and their der ivat ives . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650 
V I .  Methods of synthesis of the acids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  651 

A .  Diels-Alder react ion. ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  651 
B. Isomerization reactions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  652 
C.  Miscellaneous methods. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  653 

V I I .  Reactions of the acids and their der ivat ives . .  . . . . . . . . . . . . . . . . . . . . . . . .  653 
A .  Carboxyl reactions.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  653 
B. Addition reactions of the carbon-carbon double b o n d . .  . . . . . . . . . . . .  655 
C.  Oxidation reactions.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  658 
D. Dehydrogenation and related reactions. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  659 

VII I .  References.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  659 

I. I X T R O D C C T I O N  

This review is concerned mainly with the chemical and physical properties 
of the isomeric tetrahydrophthalic acids and their derivatives, especially the 
anhydrides, imides, and esters. 

The tetrahydrophthalic acids and their derivat'ives have been subjected to 
various systems of nomenclature by the authors who have discussed them. 
Representative names are given in table 1. In the more recent indices of Chemical 
Abstracts the compounds are listed as cyclohexenedicarboxylic acids and their 
derivatives, but in earlier indices they are also listed under the tetrahydro- 
phthalic acids. Both general systems of naming have been used in Beilstein's 
Handbuch (25). In this review it Kill be convenient to  use the name tetrahy- 
drophthalic acid and to designate the position of the double bond by the A 
notation. 

No other review has dealt specifically with the isomeric tetrahydrophthalic 
acids. Some of the synthetic methods have been covered in reviews of t,he Diels- 
Alder reaction (55, 76, loa),  and some of the useful applications of derivatives of 
the A4 acid have been included in practical reviews on maleic anhydride adduct,s 
(56, 57). For this review the literature has been covered through 1954. 

11. S T R U C T U R E  AND I D E S T I T Y  

The currently accepted (9, 115) assignments of structure to the known tetra- 
hydrophthalic acids and anhydrides are given in table 2 .  In the earlier literature, 
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TABLE: 1 
Representatice names  used f o r  the tetrahydrophthalic acids 

.. ~ _ _ _ _  - ~~ ~- - -- - ~.~ ~~ . 

Xames I Formula of Acid 
- __ ~ .. ~~~. - - ~ ~~~ ~ ~..- -~ 

i I-Cycloliexene - 1 ,  %dicarboxylic acid 
AI, 1,2-Cyclohexenedicarboxylir acid 
AI-Tetrahydrophthalic acid 

$::: 
(2::: 
~ J C O O H  

, 3,4,5,6-Tetrahydrophthalic acid 

: I-Cycloliexene-1 ,Z-dicarboxylic acid 
l A~,l ,Z-Cyclohe~enedicarboxyl ic  wid 
~ A'-Tetrahydrophtlialic acid 
~ 2,3,1.6-Tetrahydrophthalic acid 

'\COOH* 3-Cyclohexene-1, ?-dicarboxylic arid 
A~.l,2-Cyclohexenedicarhoxylic arid 
Is-Tetrahydrophthalic acid 

QOOH ~ A'-Tutrahydrophthalic acid 

' 1,2.1.4-Tetrahydrophthalic acid 

COOH' ~ t-Cycloti~xene-1,Z-dicarboxylic acid 
~ A4,l ,?-Cycloliexenedicarhoxylic acid 

' 1.2.3,6-Tetrahydrophth~Iic acid 
~- ~~ _ _ _ ~ _ _ ~  -______ -~ 

T h e  cnrboxyl groups can he either cis or t rnns wit11 respect to e:icIi other .  

particulariy that referred to  in the main series of Beilstein's Handbuch ( 2 5 ) ,  the 
cis- and Ira?is-A3 isomers are designated incorrectly as the corresponding A4 
isomers. The trans-A3 acid was originally synthesized (14) by the reduction of 
phthalic acid and the incorrect A4 st'ructure was assigned on the basis of the fact 
that  no succinic acid was isolated from the oxidation of the acid. The cis-A3 
anhydride was prepared by isomerization of the trans-A3 anhydride a t  220°C. 
It was first considered to  be the A3 isomer (14), and then it 'ius incorrectly desig- 
nated as the cis-A4 isomer (13). The correct struc!tures were clearly established 
by the use of the Diels-Alder synthesis (102). The &A4 anhydride was prepared 
by the reaction of maleic anhydride with butadiene, and the structure was es- 
tablished by oxidation to  nzeso-l,2,3 ,~-butanetetr~carbosyl ic  acid (9, 51). 
Derivatives of the trans-A4 acid were prepared by the reaction of butadiene with 
various derivatives of fumaric acid (9, 79, 80, 81). The structure of the acid was 
established by oxidation to  dl-l,2,3,4-hutanetetracarbosylic acid (9). A mixture 
of the c is -  and tran.r-As acids was prepared by the reaction of 2,4-pentadienoic 



FIQ. 1. The chair form of the cyclohexene ring 

d 
F I G .  2 The hont  form of tlic ~ ~ j . C l o t i P s e n P  r ing  

x i d  witii Lc.ryiic acid (10). Their properties ithititied them Jvi th  t hc  :icids earlier 
helier-ed to  be the cis- and trans-Ai isomers. .I fetrahydroyhthalic a d  (anhydride 
melting at  70°C.) to  rThich the 9 structure i ras incorrertly assigned (1,  2 ,  3 .  3 ,  
6, 25)  appear., on the basis of its properties and those of it.< tferivatir-es; to iiar-e 
heen n n  implire preparation of the  1' isomer. 

111. STEHE:OCIIEMISTIt~' 

.Ilthoiign extensive structiiral drterniinatIons have not beeii carried o u t ,  it. 
has been possible t o  treat the stercoclie~nistry of substituted cycloheseneh (11, 
2% 23,  24, 77 .  104) in n faihion snalogous to that used for eyciohesanes (103). 
Figure 1 + h o w  the chair form or "half (%hair" form and figure 2 the boat form or 
..half box?'' form n-hich are possible for the c,yclohesene ring (21:;. 01iLy the cis 
.oniigirntion ahout the double bond is p( ihle in a six-nienihered ring. The  
trans configuration would give rise to too miich strain (50) .  
.Is in ihe case of the cyclohesane ring the chair form is the more .;tnble (24-1.;. 

i h i y  carbon atonis 4 and 5 of the cyclolieseoe ring hat-e ivell-defiiiied equatorial 
bonds (e) and axial bonds (a')> which 1jt:fol.e 1954 w r e  dccignated as polar bonds 
i p ) .  The b o n d e  of carbon atonis 3 t i n c l  ii ' I ! I  iic4gnntcci A +  (.ither axial (a'! 
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T..IBLE 3 

their deriualiz 'es 
Relatice positions of carbonyl group  attachment i n  the tcfrahydrophthalic acids and 

I Open-chain Derivatives Fused-ring Derivatives I 

or equatorial (e') on the basis of what they would be if the double bond were 
saturated (21, 104). 

In  table 3 are tabulated the most likely conformations for the yarious tetra- 
hydrophthalic acids and their derivatives. The conformations listed for open- 
chain derivatives, such as the acids themselves and their esters, are based on the 
assumption that the chair form would be favored over the boat form (24) and 
that t'he large groups ivould be as far apart as possible (103). The conforma- 
tions suggested for fused-ring derivatives such as anhydrides or imides are based 
on the ability of the carbonyl groups t,o be as close together as possible so that 
the ring fusions would be relatively strainless. For some of the fused-ring systems 
the boat conformation may be more stable for the cyclohexene ring, since the 
ring fusion would be less strained than that with the best chair conformation. 
The bonds labeled X in the boat form of figure 2 are somewhat analogous to the 
equatorial bonds (e and e') of the chair form in figure 1. 

Although the most likely conformat,ion of the cis-A4 acid is asymmetric, the 
mobility of the ring would be expected to  make successful resolution unlikely. 
Such an attempt,ed resolution was unsuccessful (31). 

Since all conformations of the trans-A4 acid, the cis- and trans-A3 acids, and the 
Az acids are asymmetric, with no conversions possible between enantiomers 
merely by changes of ring conformation, it would be expected that all of these 
acids could be resolved successfully. Samples of ( +)-trans-A4-tetrahydrophthalic 
acid, melting point 169-170"C. and [a]:' = 1.02-11.65", have been prepared 
by way of the (-)-menthyl ester (80, 81). Resolution of trans-A3-tetrahydro- 
phthalic acid yielded the (+) acid, m.p. lG5"C. and [a]:' = +115.2"; (+) anhy- 
dride, m.p. 128°C. and [CY]? = +6.6"; ( - )  acid, m.p. 167°C. and [a]: = -97.4" 
(4). It was also reported (4) that  the dl-form of the trans-A3 acid had an sppreci- 
able rotation, so these latter values are of doubtful reliability. The other azids 
have not been subjected to  any type of resolution. 
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TABLE 4 
U'aoelengths 211 macrons oj the inmn znjraied absoiptzon bands* o j  

tetiahydrophthaltc anhydrzdes 
- 

____ - - 

3 31 w 
3 42 H 
3 56 W 
5 4 1  ,S 

i 63 k- 
5 99 M 

11 84 M 

i 39 U I 

i 62 W 
i 86 ST 
8 1 6 ) 5  

6 99 b 

8 52 &I 1 
Y82W 
Q 21 E 
0 3 1  Y 
0 64 hl 

10 4 i  M 

1 1  1 ;  4 

11 70 \+ 
11 87 H 
14 40 bl 

I 

A2 

3 . 3 f i  \Y 

3 . 5 5  H 
5.43 s 

5 . 6 2  S 
5.YS s 

6 . 8 0  .\I 
i . 0 2  JI 
i . 3 7  fi 
7 .50  u 
7.iQ JI 
R.01 s 

8 . 6 2  d 
8.83 s i  
9.20 hI 
Y.35 Jf 
9.59 11 

10.08 s 
10 .43  S 

11.04 s 

3 . 4 3  x 

11,:s Lr 
12.24 11 
14.04 11 

l i . 8 3  hf 
7.40  !V 
i . 6 5  >I 
7.53 M 
8.04 S 

8.62 W 
8.76 W 
Y.?2S 

9.60 d 
9 . 8 6  s+ 

10.38 6 
1 0 , i l  S 
10.99 s 
11.45 \.\ 
11.58 W 

I 
5 .86 P 

I 12.38-12.52 \% 
1 4 . i - 1 4 . 8 2  .If ~ 

. 

I 

I 

c ix -4 l  

3 . 3 5  M 
3.50 JV 
3 .58  K 
5 . 4 0  B 
5 50 s 
5 . 6 3  6 

~ _ _  

6 66 11 
7 . 2 5  W 
7 . 4 2  W 
i . 6 2  M 
8.10 S 

8 . 4 1  s 
8 . i 3  31 
9.1; s 

Y.62 11 
10.07 st 
10.42 s 

10.80 P 

14.60 W 
15.25 h l  

Irans-A< 
. 

3.39 w 
3 . 5 0  Yi 
3.60 !V 
5 . 4 2  5 

5.63 S 
5 . 6 5  W 
6.13 W 

6 93 M 
7 . 3 0  W 
7 . 4 2  w 
i.77 8 
8.05 M 

8.50 H 
R.71 8 
Y 36 M 

8.30 x 

9 .58  M 

1 0 . 6 4  n. 
10.80 M 
11.16 3 

12.53-11.02 YY 

15.20 M 
I ____ 

* T h e  relative intensities of t he  bands  have  been roughly designated UB strong (S), medium W J ,  a n d  weak (W). 
These bands  were used in  the  quant i ta t ive  analysis of tiiixtures of t he  anhydr ides  obtained in isomerization witii 

phosphorus pentoxide or sulfuiic acid (16). 

I V .  P H Y S I C A L  P R O P E R T I E S  OF  THE ACIDS AND THEIR DERIVATIVES 

A .  Properties of the acids and anhydrides 
The melting points of the acids and their anhydrides are listed in table 2 .  

Simple heating of the acids above their melting points was usually sufficient for 
the preparation of the anhydrides as derivatives. In  cases where this type of 
treatment led to  rearrangement (see Section TI$) milder reactions with acetyl 
chloride and similar reagents were effective. Hot water was usually sufficient 
for the conversion of t'he anhydride to the acid. 

The infrared absorption spectra of the AI, A3, cis-A3, cis-A4, and trans-A4 an- 
hydrides have been measured (16, 17). The spect'ra differed enough so that  the 
spectrum of a mixture could be used for the determination of its coniposition ( 1 G ) .  
In  table 1 are listed the principal infrared absorption bands observed for these 
anhydrides (17). 

The heat of formation of the A? acid was determined to  be 851.3 kcal. at, con- 
stant volume and 881.6 kcal. at  constant preRsure (121). 
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In table 5 are tahulat'etf the dissociation constants (K1) of variou:, tetrahydro- 
phthalic acids a t  25OC. These constants were determined by electrical conduct - 
ance measurements. On the tiasis of the catalysis of the inversion of sucrose by 
the acid salt of the A? acid, the K? of this :wid at 100°C. was reported as 3.2 X 
lo-' (117). 

The molar Aractions and the  dispersions of the A i ,  Az, c i s - ~ Y ,  arid trans-A3 
anhydrides in ethyl alcohol h a w  lieen reported (61. The isomer reported to  he 
A3 (hut, which \\-as probably impure AI) was 31-0 iiirluded, and its properties \\ere 
consistent wi th  its identification as impure AI.  

The crystalline forms of the A1 acid (14), thr A? acid, and the cis- .znd trarls-A3 
acids have hren investigated and  h3L-P hren used in identification (62'1. 

es (is t l cr imt i res  other than unhydrides 

Solid derivatives (other than anhydrideq') of the acids are listed iri tahlc. t i . 
Liquid derivatives arc given i r i  tahle i .  

Esters were made by direct esterificatioii of either the anhydrides or the acids. 
Amides were made by the reaction of ammonia ur aniines n-ith the anhydrides 
except for the S-butylnioiionmiclr of the acid, \vhich was prepared hy the 
Berkniann rearrangement of t he  oxime of' sedoiionic. acid !B-L,aleroyl-l-cyclo- 
hexenecarboxylic acid) (40). The imides n-ere prepared from the amides or by the  
reaction of amines n-ith the anhydride. The A1 nitriles were prepared 11y dehydra- 
tion of the amide ( 5 2 ) .  

The Az acid chloride n ~ s  prepared by the rwctiori of the acid ariti phosphorus 
peiitachloride (68). 

2 1  number of derivative. oi the acid' ~ ~ ~ ~ 1 1  as wters (64, 80, Si), the trans 
chloride (81), the trans dinitrile (,l%i, the ci.-.V-irobiitylimide (Nj ,  and the cis 
anhydride ( 5 5 )  were inadc directly by the Iliels-.llder synthesis with butadiene 
and t,he corresponding derivatives of maleic arid fumaric acids. Sirnilarly, ethyi 
2-cyar~o-:3-cycloliexenecarbor;3-iate was syiithcsixed directly by the reaction of' 
ethyl acrylate with 2,4-pentadienoriitrile (118). 

T h e  hexahydrophthalic acids and anhytlritlcs were prepared hy hydrugeriation 
(47, 67) or reduction (12, 13)  of the tetrah.tlroplith:~lic acids and anhydrides and 
by direct, cyclization reactions (115j. 

The dihroniides were generally prepared by direct addition of 1)rornimL. The 
chlorohytlriri and the t)romohydrin of the A: wid a n d  c~hlorohydrins of the A' 



TABLE 6 
Solid dericatices of the tetrahydrophthalic acids 

V o n o ~ u e t b y l  ester 
h l o n o e t h ~ l  s-trr 
hinnopropvl rster 
Vonobutyl  ester 
Uonoa t l~q l  ester 
Vonotiexyl ester 
\ fonoi iupt~. l  rster 
Vonooctgl rs ter  
Xononongl est?. 
!donod( c )  1 rster 
Monoundecgl tHtc I 

Monodocecg I rstr r 
Xonotridcc) I E S I ~ T  

Vonutetrudecg 1 ester 
Uonopenbdec )  I cster 
Monotrrxud< c g l  ester 
'donoheptr,drr> I r s t t r  
Vonoortadeci  I ec tcr  
Xono  dl nient t l>l  rs ter  
\lono (-)-tijenttig1 cstor '?)  
\$onoeinnnni\l estct 
Mono 2-chloroettii I estrt 
!iortodt i i i~ . t t i4lai i i inoet l~~ 1 ester 
\ l onor l t e th~  luminoettig 1 ester 
Honodihut> Iuiiitnoetli> 1 ester 
Monor11orptiolinocth.1 ester 
Vonorjtpctidtnoeth) 1 ester 
Nonopg troltdinoetll> 1 ester 
Monopt~thal i i~i idoet l i )  I ester 
Mono 3 d i e t l i 3 l au , inopro~3  I estct 
Mono 2 p>rid>Ict l igl  ester 

Rin '3 chloro I propgll ester 
B i ~ ( d i e t t i ~ 1 a i i i i n ~ t t i g  1) rstei 
D i n t t r i l ~  
Dinitrile 
+lononrrlliic i i  i i i i ionii i i i i  s n l t  
V n H r t t ~ l i ~ i o n o n i ~  
V ri Butylir ononriiide 
S ri I I t i j  Iinonoainide 
Y ~i 1)ecglil  unoiriiide 
.V I I  D o i i e c ~ l ~ ~ i o n o t i t ~ ~ t ~ l e  
S I'lien> Itiionoiirilid~ 
.V-I'ritnqlIiiono,,ii ide 
V 1' 11) rliox) p t i c r i ) l~ i iononn~ id~  
Y p \Ietiioxgpiirngl~iioi , i i  , idc 
V 7 I ' * t 1 0 \ 5  rillen) liiionou 111 I r  
S -Brnzy l i i~o r io r i~ i i i de  
Hydrocliloi~ilc of AV 1 2  dii i iLt t~ylai i , ino~th31)  iiionoilt ridt 
c > rlllolrllllile 

I )In I ) /  I l l  1' 

l i l l i d i  
I1 I ,  ! < I t  

11,llilt 
I I I  idr 

nl . , le t t t>l  PPI, I 

Isomer 
. 

- ~~ 

Melting Point  Reference 

86.O-QG 9 
4 8 . 2 - 5 0 . 5  
52 2-54 2 
4 7 . 1 - 4 9 . D  
48 3-4Y. 5 
38 0-39 .9  
36.5-37.1 
4 2 . 9 - 4 1 . 5  
51.2-52.1 
50 .6 -52 .0  
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Llihroiiiidi. of d in ic th>l  ester ') 

Broinohydrin (1 ~ A1 

A2 
lrnns AI Dihroiiiicle of d i rne th j l  ester 

C!iloroh> dr in  I' 
Chloroiix dr in  of m h y d r i d e  
c , lyc,~l  

I I J  drated doublr bond 
Epoxide I' 

Epoxide of nnhydride C!% A' 
I C B  4 2  Octalin 9 10 dic&rh'ix>lic Heid(" 

a 8  1' Octalin 9.10 dichrbox3 Iic anhydr ide("  
idipic acid(m1 A1 
melo 1 2 3 4 Butanetetracnrhoxjhc acid 

i 
1 I' 

Epoxide,  fencli)In I ini' salt I A  

A' 

A' 

C ! $  A4 
d l  1 2 '3 4 Butanetetmcargoxllic dcid'" if4118 A4 

( a )  f a ] ;  = - 4 7 . 1 "  
,h) T h e  deril-ative rnrlting a t  95'C. was colorless. h yellow isomer melting a t  10S'C. was also reported (106). I t  

vas fo rmcd  d o ~ l y  a t  ij-8O'C. a n d  was reportpd (83) t o  be :  

.4notiirr derivative melting a t  86-C. n a s  reported ( 2 ,  3)  to  be t h a t  of the  Ax ncid. I t  R H S  probably the derivutive of 
impure  AI acid.  

T h i s  derivative is a fungicide known HS Captan  
(d) [a] is = - 112.5'. 
(e )  la] :5 = - 149.6". 
i f )  N o  analysis mas given for this  derivative.  
' g )  S o  melting point \vas given f o r  this dc.rirative. 
('D) A dihromide x a s  reported (2 )  for the  isomer believed to be the  A8 acid rrhich v a s  probably a n  impure  sample 

( i )  T w o  diastereomers of this  deri\-arii.c rvere isolated. 
: j) This derivative crystallized with 0.5 H20. 
(k) This derivative crystallized with 2 €LO. 
( 1 )  T h i s  derivative was prepared b y  a Diels-.ilder idd i t ion  n i t h  butadiene.  
' m )  T h i s  derivative was prepnred by osidntion. 

cf the  A' acid. I t s  melting point was 1Si'C. 



Derivative 

191-165.1 111111. 
163-366 ' 5  niin. 
14G-148 0 . 2  11ini. 
163-169 0.7 iuiii. 
195-19i 0 . i  niin. 

i c i d  chloride 
4cid chloride 
JIonoalIq I esttr(8) 
>10no(2 phenoxyet1i1 1) ester") 
Diniethyl  ester 
Diineth11 ester 
D ime thy l  es tedd 
Dieth)  1 ester(') 
Diethql  ester") 
Diethql  ester(8) 

Di-n-pentyl  a t e r  
D i  n-hexyl ester 
D i -n  heptyl  ester 
Di-n oct3l ester 
D i -n  nonyl  ester 

Di-n-decyl  ester 

BenzkI n octkl eater 

Digeranyl ester(L) 
Bis(2 chloroallyl) ester( ') 
Bis(2 chloroethyl) eater(m) 

Bis(3 5,5 t r imethylhexyI)estedh)  

E t h y l  n -dec l l  ester 

Diallq 1 ester(') 
Bis(2-inettiylallylj ester(>) 

Dlethyl  ester 
Di-n-propyl  rater 
Di-n b i i t l l  eater 

CIS A& 
C7S A4 
CIS A' 
CIS A' 
CIS-A' i C I S  A4 

C I S  A' 
C I S  A' 
CIS-A' 

c i s  Ad 
C I S  A* 
C I S  A' 
c1s A' 
cis A4 

Boiling Point ! References 
- ~~~~ ~ 

Isomer 

A2 
trans-A' 
cis-A4 
cis-A' 
A1 
A2 

C!S-A' 

AI 
A= 
C I S - A ~  

Mixture 
cis-A4 
cis-A' 

(8)ni5  = 1,4971. 
(b) No boiling point  was given for  this  sample.  
(') ni5 = 1.5230. 
('3) ,,i5 = 1.4700. 

nio = 1.4743; d:' = 1.0781. 
('1 n?' = 1.4709; d;' = 1.0760. 
( g ) n ?  = 1.4805-1.4610 (41, 42). 
( h )  n? = 1.4628. 

~ 3 : ~  = 1.4840; dai = 1.09. 
( j )  nt5 = 1.4693; d:; = 1.03. 
(k) n:5 = 1.4902; d$: = 0.94 
( I )  n? = 1.5039; dzg = 1.24. 
( m )  n? = 1.4933; d;; = 1.25 .  
( n ) n f  = 1.4837; d;: = 1.18. 
(')n? = 1.5103; d:; = 1.32 
(P) nto = 1 .4727 .  
(9) n: = 1.5001; dJ5 = 1.0723 g./inl. Viscosity a t  35'C. = 0.2986 poise. Surface tensionat  35°C. = 34.7 dyneejcru. 

Interfacial tension against water a t  35°C. = 11.4 dynes/cni. Solubility in  water  at  35°C. = 0.226 g. /ml .  (122).  
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esters were prepared by the addition of the element3 of the c*nrre~poiiding hypo- 
halous acid (12, 59, ti:). The chlorohydrins of the A' acid niid the A4 anhydride 
were prepared by the  opening of oside rings with hydrogen chloride (59, G 5 ) .  
The glycmls of the 1' : i d  \mre prepared from the oxide or the halohydrin (12, 
65). The  lower-melting isomer \vas assigned the traris configuration, since it was 
possible to obtain it very slightly resolved (G5),  but such an asPignment is doubt- 
ful (see Section VII,B). The l-hydrosy-l,2-cyclohesaiiedicarbosylic acid ex- 
pected from the hydration of the A1 acid was prepared indirectly by way of the  
cy:iiiohydrin 02' 2-cyclohesaiionecar~osylic acid (65). 

The eposides of the A1 acid and of the A4 esters were synthesized by the reac- 
tions of the chlorohydrins with base (59, 65). The epoxides of the a4 anhydride 
nnd of the A4 esters were prepared by the eposidntion of the double bond with 
peracetic acid (59). 

The osidat,ive cleavages of the double bonds to give open-chain acids uwe 
carried out wit,h either potassiuni permanganate or nitric acid. 

The salts of the tetrahydrophthalic acids have not been estensively investi- 
gated. The lower solubility of the coadniium salt of the A1 acid compared with that 
of the A* acid has been used its a rough method of analysis of mixtures (78). The 
monosodium salt of the AI acid is relatively insoluble in water and can be easily 
obtained pure (37). 

Salts of divalent nietal ions with nionoalkyl esters of ci.s-a4-tetrahydrophthalic 
acid have 1)een prepared (108, 111. 124, 123). Alkyl groups as small as methyl 
and as large ah octadecyl have been used. Suits ha\-e been prepared with cop- 
per(II), nickelr,II), cobalt(II), niagiiesiiim, barium, and calcium. AIonododecyi 
cis-A'-tetrahydrophthalate has lieen investigated more extensively than t,he other 
esters. I t sp l i  a t  25OC. was 6.33 f 0.08 (124). I ts  cobaitiI1) salt' has been found 
to he R useful deli\-ativc for distributing (:do into oil (105, 124). 

1'. USES OF \ ( ' I i ) S  .\SU THEIR UE~IItY.%TIF 

Partial reviens of useful applications of tetrahydrophthalic: acid derivati\.e.- 
;dong ivith those of other nialeir anhydride-diene adducts are available (56. 
5 7 )  and should be ronsulted for details coiic~rning types of derivatives used for  
industrial applications.. 

Dialkyl esteri of cis-A.'-tetrnliydrophthalic acid prepared either hy (1ircc.t 
esterificatioii ( l!l, 34, 119) or by Diels-:Ilder reactioiis of nialeate. (M, 9.5) have 
heen reported to be useful :LS soi\mits and plasticizers. The use of chlorinated 
alcohols in the preparation of the esters 1e:icls to products reported to be useful 
:is stn1)ilizers and iiisecticid~s (9s). This< sort of property is also claimed for the 
allyl-type ester of the cis-Ai acid !97), and these ehters ca!i also be used in C ( J -  

pjlyrners ( 7 ,  I .  l'olyesters of the c is - l - '  acnid haire bee!: prepared and have 1jer.11 
reported i w f u l  in rnany applicaa.tions (, 15, 38,  (i9, 70. S8, !W!. Copolymers of 
such pol;;c,-teri xi th  styrene have  d s o  1Jeeii reported (58) .  Polyesters made 
iron1 the frclns-A4 acid hnve been reported to have differcilr propertie. from t h o v  
t)l?wr\red f(?r the poly&ers of the r k - A 4  arid (S4). 
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'I'hc addition of hydrogen chloride t u  diniethyl czs-~"tetrahydrophthalate 
g d ~  e the corresponding chloro compound, which \vas not i5olated but n a. treated 
with ethylenedianiiiie and -odium chloroacetate and then w a y  saponified to yield 
the wetting agent shown in formula I (30). The saltb of sulfonated e+tPri w . h  as 
I1 have also been reported (63, 89) to be useful as netting agenth 

The N-alkylimide, of the &-A4 acid have been invebtigated as powblc insect 
repellents and insecticides (101). Of these thc .Ir-n-butylimide appears to  be the 
most promising as a repellent (11, 49, 116, 122). The newly developed fungicide 
Captan is N-trichloromethylmercapt o-czs-A4-tetrahydrophthaliniide (111). I t  I:, 

inade (71. 7 2 ,  73*  7 3 ,  120) by the reaction of trichloroniethanebuIfeIiy1 chloride 
with the sodium ialt  of the r7's-A4 imirle, n-hich i q  prodiiwd (61. 74. 96) from the 
anhydride 

0 
) I  

\,/ d 

CH2 c 0 0 s u  

SiS('C1 !I COOSR 

r IT 1 1  

0 
r r r  

Heaides txiiig a itiLigiride, Captan is reported t.o stirtuilatc plant gron-tii (73) .  
The cis-A4 acid itself has been reported (109) to promote the growth of a straiLi of 
hemolytic streptococus. On the other hand,, a tetrah3-drophthali(. wid  whose 
btructure was not specified has been reported (35 ,  391 as toxic t o  plants. Since 
these experiments \\-ere carried out before the Iliels-Alder syiithe 
this acid may have been the mixtiire of A2- and trans-A3-t'etrahydr 
obtained by the reduction of phthalic acid xi th  sodium aninlgam (13, 14) or i t  
may have been the A! acid synthesized from hydropyroniellitic. acid (12). 

The dialkylaininoalk\~l ester? a n d  h:ilf-eGtcrs of thc c i s - 1 :  ncnid h n i ~  hecn f(111iic9 

t o  he 'nypoteiisivc agei:ts (1 1 3 ) .  

1.1. XF;TIIOI)S O F  S Y Y T H k h I S  0 1 ' '  TfIF; t ( ' l i i ' <  

.1 . f)iels--.4 lder 1.i i t r t io j i  

'I'he original i'eport.. 011 the I~iels--~llder reactioii iiiclrirled t hi. -jriithcsis of 
cis-Ai-tetrahydrophthalic anhydride (;if;, 47) .  The Diels -Xldei. rcaction it self 
hns beer: amply covered by reviews (i(i, 102). 'The specific applirntioii of the 
iuethod to the syiithe of the cis-A4 anhydride has also heel1 thoroughly c a w e d  
and (7orripiIatioiis of references are available !43, 55). A niethod of aiialysis for 
l - ~ i n ~ ! c ~ c l o h e s e i i c  a- a cm~taminani in the ijrihyclride p r e p r a t  ion has been 
deT-eloped (123). 

The cis-A4 arid i? wiially synthesized indirectly by way of the anhj-dride, hut 
there ha,< been one report of the direct synthesis of the acid from maleic. acid (64). 
Ester? (6.2. 695 7 0 ,  9.5'. and siibstituted imides (64) hai.e a l ~ o  heen prepared tli- 
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rectly by the Diels-A%lder reaction of the corresponding derivative of maleic 
acid. It has been reported, how-ever, that such reactions of maleate esters were 
preceded by isomerization to  fumarate ester5 (80). 

The cis-A4-tetrahydrophthalaldehyde has been prepared by the Diels-Alder 
reaction of malealdehyde with butadiene (66). This compound on oxidation by 
silver oxide gave the cis-A4 acid. 

Fumaric acid has been used in the Diels-Alder reaction to  give the traris-A4 
acid (79, 81, 8-1). Esters (SO), the acid chloride (81), and the dinitrile (129) have 
been prepared from the analogous derivatives of fumaric acid by reaction with 
butadiene. 
h mixture of the cis- and trans-A3 acids with the cis acid predominating in the 

ratio of 4.5: 1 was prepared by the Diels-Alder reaction of 2,4-pentadienoic acid 
with acrylic acid (10). Similarly, ethyl 2-cyano-3-cyclohexenecarboxylate, which 
yielded the c isd3 imide on treatment with sulfuric acid, was synthesized by the 
reaction of 2,4-pentadienonitrile with ethyl acrylate (118). 

The Diels-illder reaction of l-acetoxy-1 , 3-butadiene with maleic anhydride 
yielded 3-acetoxy-4-cyclohexene-l, 2-dicarboxylic anhydride, which gave 2,4- 
cyclohexadiene-1 ,2-dicarboxylic acid when treated with sulfuric acid. This 
dihydrophthalic acid was hydrogenated preferentially a t  the 4-position to  yield 
the A2-tetrahydrophthalic acid (9). 

The reaction of butadiene with acetylenedicarboxylic acid was carried out at 
fairly high temperatures to  yield mostly 1 ,4-cyclohexadiene-l , 2-dicarboxylic 
anhydride, which was hydrogenated a t  the 4-position to  yield A'-tetrahydro- 
phthalic anhydride (8). 

B.  Isomerization reactions 
Two types of isomerization are possible Lyith the tetrahydrophthalic acids and 

their derivatives. There can be a shift in the position of the double bond and 
there can be a cis-trans isomerization of the carboxyl groups,- or rather of the 
hydrogen atoms on the alpha carbon atoms. 

With base the Al acid (14, l G ,  60, 78) and the cis-A3 acid (13, 118) have been 
reported to  isomerize to  the Az isomer. It has been reported (60) that the base- 
catalyzed isomerization of the Ai acid to  the A2 acid was reversible, but no 
experimental evidence was cited (78). 

The only similar base-catalyzed isomerization of the A4 isomer is mentioned in 
connection with the oxidative cleavage by base to  yield 3-carboxypimelic acid 
or pimelic acid (see Section VI1,B). Such a cleavage is best explained on the basis 
of an initial isomerization to  the Az isomer, which mas not isolated (105). 

When the A* acid or anhydride was heated around 220-230°C. the Ai anhydride 
was the product (14). A similar treatment of the t~a72s-A~ anhydride gave rise to  
the cis-A3 anhydride (14). 

With relatively small amounts of phosphorus pentoxide or concentrated sul- 
furic acid as a catalyst the cis-A4 anhydride was isomerized rapidly to  the cis- 
A3 isomer, which in turn was isomerized more slowly to  the Az isomer and eventu- 
ally to  the A1 isomer. It w.a. possible to  obtain a mixture of anhydride isomers of 



THE: T E T H S H Y D R O P H T H I L I C  .\CIL)S ti53 

minimum solidification point (around 0°C.) which had about 60 per cent czs- 
A3 anhydride with the rest of the composition about equally dibtributed anlong 
the starting anhydride and the other two isomers formed. It was also possihle 
to  obtain a product which was mostly the A1 anhydride. The composition of 
isomer mixtures was determined by means of infrared spectra (16). 

C. Miscellaneous methods 

The first synthesis of a tetrahydrophthalic acid was that of the A1 isomer (12). 
A mixture of hydropyromellitic acid and isohydropyromellitic acid was prepared 
by the action of sodium amalgam on pyromellitic acid. Slow distillation of this 
mixture yielded A'-tetrahydrophthalic anhydride, which was converted to the 
acid by water. 

The application of reduction by sodium amalgani to  phthalic acid gave a 
mixture of the A*- and the trans-A3-tetrahydrophthalic acids (13, 14). The A1 acid 
(14) and the cis-13 acid (13) were synthesized from these hy the isomerization 
methods already described in Section F?,B. 

The cyanohydrin of ethyl cyclohexanone-2-carboxylate was hydrolyzed to  
1-hydroxycyclohexane-1 ,2-dicarboxylic acid, which was dehydrated when heated 
to  yield A'-tetrahydrophthalic anhydride (65). 

The dehydrohalogenation of 2,2'-dibromosuberic acid with strong base gave 
1,5-hexadiene-l,6-dicarboxylic acid as the main product. Both A*-tetrahydro- 
phthalic acid and A'-tetrahydrophthalic acid were also isolated, the former in 
greater amount (60). 

Diethyl tetrahydrophthalate, reported to  be mostly the A? isomer, was obtained 
from the reaction of acetylene with ethyl acrylate in the presence of [(CsH5),I'l2. 
CuCl (111, 112). Low yields of a dibutyl tetrahydrophthalate resulted from the 
reaction of acetylene with butanol and carbon monoxide (110). 

The chlorination of diethyl cis-hexahydrophthalate in the prebence of benzoyl 
peroxide has been reported to give low yields of diethyl A'-tetrahydrophthalate, 
while the trans isomer gave diethyl A*-tetrahydrophthalate (107). In  each case 
these were the only products isolated. The reaction was interpreted as involving 
inversion of configuration during chlorination at one of the alpha carbon atoms, 
followed by trans elimination. 

The reaction of trans-decalin with oxygen a t  100°C. resulted in a 1-2 per cent 
yield of A'-tetrahydrophthalic acid (93). I t  is surprising that the acid was ob- 
tained as a product which crystallized from the decalin. The usual product ob- 
tained when the acid is heated either with or without a solvent is the anhydride. 
I n  fact, the anhydride is often the product which crystallizes from aqueous SdU- 
tions of the acid (14, 37). 

V I I .  R E A C T I O N S  OF T H E  . I C I D S  AND T H E I R  D E R I V . % T I V E S  

A .  Carboxyl reactions 
The usual carboxyl reactions can be expected of the acids, with the presence 

of two carboxyl groups on adjacent carbon atoms modifying the results obtained. 
The formation of the cyclic anhydrides is the reaction that is most easily carried 
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out. Heating \\it11 or without a dehydratiilg agent is usually effective in bringing 
about this change. In  some cases, however, rearrangement of the double bond or 
cis-trans isomerization takes place under t,he conditions of anhydride formation, 
as was discussed in Sect,iori VI,B. The anhydrides are listed in table 2 .  Becaiise 
Qf the ease of anhydride formation acid chlorides have not usually been prepared. 
Two of them are list,ed in table 7, however. 

The reaction of an alcohol with an anhydride will lead directly to  a monoester. 
Further reaction, especially with an acid catalyst or the acid-catalyzed reaction 
of the alcohol wit'h the tetrahydrophthalic acid, will lead to  a diester. Both 
types of esters are listed in tables 6 and 7. Polyesters have been made by the 
interaction of either the anhydrides or the acid with polyhydric alcohols (56, 
57, 58, 84, 88, 99). Monoesters of the cis-A4 acid with monoglycerides have been 
used in synthesizing polyesters (69, 70). The reaction of the cis-A4 anhydride 
with polymers containing epoxy groups has also been used to  make polyesters 

The direct action of an amine or ammonia on one of the anhydrides will give 
a monoamide. This type of product can be heated or the original reaction can be 
run at higher t'emperature to  give t'he imide. The products of t8hese reactions are 
listed in tables 6 and 7. 

The Ai diamide has been dehydrated to  give both monocyano and dicyano 
derivatives, which are listed in table 6 ( 5 2 ) .  

Displacement reactions of the sodium salts of the imides kvith reactive halides 
would be expected t'o be a successful means of synthesis. Only the fungicide Cap- 
tan,  hT-trichloromethylmercapto-cis-A4-tetrahydrophthalimide, has thus far 
been prepared in this way (71, 72, 73, 75, 120), however. 
-4 Friedel-Crafts type of reaction of the cis-A4 imide and formaldehyde with p -  

nitrochlorobeiizene in the presence of sulfuric acid gave rise to  A7-(2-chloro-5- 
iiitrobenzyl)-cis-A4-tetrahydrophthalimide (36). This reaction illustrates another 
possible method for alkylating the nitrogen of the imides. 

Hydrolysis of the anhydrides could be effected by hot water. In  the case of the 
AI acid, however, the anhydride often crystallized from fairly concentrated 
aqueous solutions (14, 37). Hydrolysis of esters, amides, and imides generally 
requires acidic. or basic catalysts. -\gain these reaction condit'ions often give rise 
to  isomerization, as was discussed in Section T'I  ,B.  

The action of phenylmagiiesiuni bromide on the cis-A' anhydride gave a 74 
per cent yield of Z-benzoyl-~-cyclohexeriecarboxylic acid (53). Similarly, the 
action of benzylniagnesium chloride on the Az anhydride has been reported (27) 
to  give 3,3-dibenzyl-4,5,6,9-tetrahydrophthalide. With alkylmagnesium 
halides the A? anhydride and A* acid as well have been reported (28, 29) t o  give 
addition follo\\ed by  reductioii, M) that  3-alkyl-4,5 , t i ,  9-tetrahydrophthalides 
were the products. 

niihydride 011 beiizei~e in  the presence of anhydrous 
aluminum chloride gave the expected FriedelLCrafts reaction product 2-ben- 
zoyl-2-cyclohcxenecarboxylic acaid ( 2 0 ) .  There was no reported interaction in- 
volving the  double bond. 

(45) * 

The action of thc 
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The acid chloride of the A2 acid with anhydrous aluminum chloride gave a 
complex from which the acid chloride was released unchanged when treated 
with ice (68). The acid chloride of the A* acid has also been reported (68) to react 
with the disodium salt of salicyclic acid to  yield the lactone-anhydride deriva- 
tive IV. 

When the cis-A4 anhydride was heated polymeric hubstances xere olitairied 
(57, 94, 99). In one case the product was reported (57, 99) as being formed with 
the evolution of carbon dioxide. Its structure was formulated as in I-. S o  men- 
tion of loss of carbon dioxide was made for the other case, where the tentative 
structures given involved addition reactions of the carbon+arbon double bond 
with the anhydride group (94). Such additions of an anhydride to a double bond 
are unlikely in the absence of a Friedel-Crafts catalyst. .21so, the sewn-mem- 
bered rings suggested would be unlikely. 

etc. 

IV V 

Most of the reduction reactions which have been carried out on the tetra- 
hydrophthalic acids and their derivatives have iilvolred the carbon-carbon 
double bond (see Section VI1 ,B). Catalytic hydrogenations of the A1 anhydride 
(91) and of the A* anhydride (92) have been reported to yield the corresponding 
tetrahydrophthalides, however. This resistance of the double bond to hydro- 
genation in the isomers with double bonds conjugated to carboxyl fuiictions 
should be investigated more thoroughly than it has. In the case of the A* an- 
hydride it was by no means established which of the two carbonyl groups was 
reduced. 

The reduction of the cis-A4 acid by lithium aluminum hydride gave cis-A4- 
tetrahydrophthalyl alcohol, which was acetylated to the diacetate. Pyrolysis of 
the acetate gave the unusual conjugated diene, 4,5-climethylenecyclohexene, 
which could easily be isomerized to  o-sylene (18). 

The reduction of the dinitrile of the A1 acid by sodium in koamyl alcohol has 
been reported to give low yields of tetracyclohexenotetraazaporphin ( 5 2 ) .  

The action of hypochlorite ion or of hypobromite ion on A?-tetrahydrophthal- 
imide has been reported to  give none of the expected Hofmann bromoarriide re- 
arrangemeqt. Tnstead, the ring was cleared and mixture.. of acids were obtained 
(92). 

B. Add i t zon  reactions of the carbon-carbon double bond 

The catalytic hydrogenation of derivatives of the &-A4 acid seems to give a 
Ftraightforward reaction to  yield the rorreqponding clerivativeq of cis-hesahydro- 
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phthalic acid. This type of reaction has been successfully carried out on the 
anhydride (67, 99, 100, 126), the methyl and ethyl ester (41, 42), the sodium 
salt (47), and the imide (118). The same result was obtained with the cis-A3 
imide also (118). The reduction of the A1 acid by hydriodic acid gave trans- 
hexshydrophthalic acid (12, 14), while sodium amalgam gave a mixture of the 
cis and trans acids (14). 

The addition of bromine to the tetrahydrophthalic acids appears to  have been 
a successful reaction in general (14, 59, 127) except that the dibromide of the 
A1 acid could not be isolated directly (14). It was prepared by hydrolysis of the 
dibromide of the dimethyl ester. Rough determinations of the rates of addition of 
bromine to the tetrahydrophthalic anhydrides showed the c&A3 isomer to  be the 
most reactive, with the other isomers studied arranging themselves in the 
following order of decreasing reactivity: A*, trans-A3, and A1. On the basis of the 
data in table 5 ,  this order of decreasing reactivity is the same as the order of 
increasing acid strength of the corresponding acids ( 5 ) .  

Although a quantitative measurement of the reactions of bromine with the 
A1 and the A2 acid in chloroform showed almost instantaneous reactions, the use of 
iodine solution-presumably as iodine chloride or iodine bromide-did not lead 
to successful determinations with either acid (78). 

The addition of chlorine to the cis-A4 anhydride in glacial acetic acid gave rise 
to 4-chloro-A4-tetrahydrophthalic anhydride, m.p. 123-124°C. (127). When the 
reaction was carried out in water the corresponding acid, m.p. 173-175"C., was 
isolated. The same acid and anhydride could also be prepared by way of the 
Diels-Alder reaction of maleic anhydride with chloroprene. The chlorination of 
the cis-A4 anhydride has also been reported to yield polymeric products (127), 
particularly when chloroform or carbon tetrachloride was used as the solvent 
(59). In  the light of a reaction of chlorine with anhydrides which was recently 
reported (32) this formation of polymers is not surprising. The chlorine attacks 
the anhydride to  yield an acyl halide and an acyl hypohalite, which adds rapidly 
to  any available double bond. Such a reaction series applied to an unsaturated 
dicarboxylic anhydride would be expected to  yield polymeric products. 

The only other derivative of a tetrahydrophthalic acid for which direct chlorin- 
ation has been reported is Captan (N-trichloromethylmercapto-cis-A4-tetra- 
hydrophthalimide). This reaction led to  a product with approximately two 
additional chlorine atoms per molecule. There was evidence that both addition 
and substitution took place (71, 120). In all of these cases of chlorination of the 
a4 acid or its derivatives, the apparent substitution of chlorine for hydrogen may 
be addition of chlorine followed by elimination of hydrogen chloride. 

Both chlorine and bromine have been added to  the AI acid in water to give the 
l-chloro-2-hydroxy-l , 2-cyclohexanedicarboxylic acid melting a t  186°C. (65 ) ,  
and the l-bromo-2-hydroxy-l , 2-cyclohexanedicarboxylic acid melting a t  
180°C. (12). Such additions would be expected to  be stereospecific and trans. 
Each of the halohydrin products underwent displacement of the halogen by 
water to yield I ,2-dihydroxy-l ,2-cyclohexanedicarboxylic acid. From the 
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chlorohydrin two diastereomers were reported (65), one melting a t  184°C. and 
the other a t  178°C. From the bromohydrin only one product, melting at 178- 
180"C., was obtained (12). The chlorohydrin underwent a stereospecific oxide 
ring closure under the action of base. The cis-epoxide formed was an oil which 
reacted stereospecifically with hydrogen chloride to give back the same chloro- 
hydrin. It was also reported (65) that the epoxide reacted with water to  give 
only the cis-1 ,2-dihydroxy-l , 2-cyclohexanedicarboxylic acid. While such an 
oxide ring opening would be expected to  be stereospecific, i t  would also be ex- 
pected to  take place with inversion of configuration (128). Thus, the configuration 
of the dihydroxy acid would be expected to  be trans not cis; the epoxide must be 
cis because the trans form is too strained (20). Also, the dihydroxy acid should 
have the same configuration as the chlorohydrin which was formed by the open- 
ing of the oxide ring with inversion and by the trans addition to the double bond. 
The only basis reported for designating the isomers of the dihydroxy acid as 
cis or trans was the fact that  one of them could be obtained with slight optical 
activity so the trans configuration Tvas assigned to it (65).  Small amounts of 
optically active impurities could have accounted for the results, hon-ever. On the 
basis of the expected configurations the reactions were as follows: 

COOH 
I I 

I 
The &-A4 anhydride has been treated (59) with peracetic acid under an- 

hydrous conditions (54) to  yield the corresponding epoxide. The action of water 
caused polymer formation, Anhydrous hydrogen chloride gave the chloro- 
hydrin. Esters of the cis-A4 acid were converted to  the corresponding epoxides by 
direct epoxidation with peracetic acid or by the action of base on the correspond- 
ing chlorohydrins (59). 

The Diels-Alder reaction of the A1 anhydride R-ith butadiene in a sealed tube a t  
temperatures ranging from 160°C. to  180°C. yielded cis-A2-octalin-9, 10-dicar- 
boxylic anhydride (8, 33). The use of other dienes has not been reported, nor has 
the reaction been run with derivatives of the A2 acid, which is the other acid 
with the double bond conjugated with a carboxyl function. 

The products of addition to  the double bonds of the tetrahydrophthalic acids 
are listed in tables 6 and 7. 



Tn.o othci :Ldtiitic)ii iwct ioi i r  ha1.c becil dest,ribetl. O i i e  was the addition of 
hydrogen c~hloritit~ to  diintlthyl cis-~"tetraliydrol7hthal3te. The product was not, 
isolatctl but \x;~i* ustd directly i i i  3 series of di~placernent reartions for the 
preparntioii a a wctting : p i i t ,  (:30!. 

The othei, \vas :I rcac:ion of' ethoxidc io11 \vith diethyl A1-tetrahydrophthalate 
which was Iouiid 10 go to the  c>xteilt of 12.5 per (wit, \vh(w heated for 4 hr. in 
ethyl al(dio1. i5win i : ih jy  t h o  product, 1va.q ethyl I-ethosycyclohexane-1 , 2 -  
dicarboxylatc but iioiit' v, :t> isolated pui~' .  'l'he reatation \vas followed by the 
dcterminnt i o i i  ~i ethoxyl q o u p  i n  thc mixed estvi. prodiic,t. The A? ester did not 
undergo a bimilar rhnngc (78'. 

The actioii of concentrated dfuric* ncicl or of' chlor~o~ulfonic acid on the cis- 
l4 arihytlridr led to  a I;ulfoii:it.fd unsaturated product whicali could be esterified 
either partially or completely (89). Similar result$ nxre obtaiiicd by esterification 
followctl 1 ~ .  ~ulfonatioii (63, 891. The products \\ere isolated as sodium salts. 

.~lthougli maleic anhydride arid rndo-cis-bicyclo[Z.'.l]hept-5-erie-2,:3-dicar- 
l)oxylich anhydride have beeii reported (44) to  react a t  260°C. with linseed oil 
2nd  to  form :?dditioii polymers, c i ~ - ~ ~ - t e t r a h ! ~ d r o p h t h a I ~ ( ~  arlhydride did not react. 

' .  Oxidatioii tvcictiotis. 

Oxidatioii oi thc 1' acid by potassium permanganate I d  t'o adipic acid, while 
the A? arid gnve osalic acid, succinic acid, a i d  possibly glutaric acid (14). The 
only other well-defined products isolated from the  romplete oxidation of' the 
double bonds of tetrahydrophthalic acids were the nzeso-1 , 2  ! 3,4-butanetetra- 
t~arbosylic acid (YI) from the ~ i s - 1 ~  acid by reaction with potassium permanga- 
nate (45, 31, 5 7 ,  YO) or with nitric acid ($I) ,  and the dl-1 ,2,3,4-butanetetre- 
carboxylic: : r id  (VI1 ivith its eiia~itionier) from the d / - f m u s - A 4  acid by reaction 
with potns~iuni permanganate (9. 7'3'1. 

- 1  
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i 105:l. n'ith fused sodium hydroxide a t  the same temperatiirc: t h e  product ~ 3 , -  

pirriclic' acid. Such a clczt\,:\ge can beet tw explained on the bwi;: of imnc ik i t  ioii 
oi' the A.' isomer t o  thti A: isomer uridcr, t h r  influence of the fia..-c, [is diwussed i i t  

Sevt ion \-I  . 13. 

coo 
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